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UNITED STA TES p A TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATE!\TS 

APPLICATION NO. ISSUE DATE 

17/061,427 02/07/2023 

24341 7590 01/18/2023 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11575148 024607-02-5054-us 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

1915 

The Patent Te1m Adjustment is 307 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571 )-272-7702. Questions relating to issue and publication fee payments should 
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE), 
Stakeholder Support Division (SSD) at (571)-272-4200. 

INVENTOR(s) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors): 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
Xinghua TAO, Ningde City, CHINA; 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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Receipt date: 11/29/2021 17/061,427 - GAU: 1727 

Change(s) ap 

to document, 

/D.F/ 
10/7/2022 

Electronically filed November 29, 2021 
INFORMATION DISCLOSURE Application Number 17/061,427 

STATEMENT BY APPLICANT Filing Date October 1, 2020 

Sheet 

Examiner 
Initials 

I, I 

11meo 

Examiner 
Initials 

Examiner 
Initials 

Examiner 
Si ature 

First Named Inventor Jianiian YI 

Substitute for Form 1449-PTO Art Unit OPAP 

I 

Cite 
No. 

Cite 
No. 

Cite 
No. 

Examiner Name Central Docket 
1 I of I 1 Attorney Docket Number 024607-02-5054-US 

U.S. PATENT DOCUMENTS 

Document Number 
Publication Date Name of Patentee or 

Pages, Columns, Lines, 

Number - Kind Code MM-DD-YYYY Applicant of Cited Document 
Where Relevant Passages or 

Relevant Figures Appear 

2010/0015515 Al 01-21-2010 Takata et al. 
2015/0050545 Al 02-19-2015 Murata et al. 
2016/0181585 Al Q~ ~~ ~Hi Choi et al. 06/2016 

2017/0194613 Al 07-06-2017 Murata et al. 

FOREIGN PATENT DOCUMENTS 

Foreign Patent Document Pages, Colunms, Lines, 

Country Code - Number -
Publication Date Name of Patentee or Where Relevant 

T 
MM-DD-YYYY Applicant of Cited Document Passages or Relevant 

Kind Code (if known) 
Fi!mres Appear 

TOYOTA MOTOR 
CN102939675A 02-20-2013 CO LTD 

SHENZHEN T AIBAI 
TECHNOLOGY CO 

CN 1034 7 4602A 12-25-2013 LTD 

CN104871341A 08-26-2015 MORIN BRIAN G 

CN104999745A 10-28-2015 DAICEL CORP 
SHENZHEN 
HONGTAI 
BATTERY TECH CO 

CN205004376U 01-27-2016 LTD 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, 
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published 

Office action, CN201810322931.l, 19AUG2021, 9 ogs_ 

Yi, Office Action, 16/000,764, 22APR2020, 10 ogs_ 

Yi, Notice of Allowance, 16/000,764, 24AUG2020, 8 ogs_ 

/GARY D HARRIS/ 
Date 
Considered 09/23/2022 

DB2/ 42113168.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /G.D.H/ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/061,427 

24341 

FILING OR 3 71 (C) DATE 

10/01/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET '1O./TITLE 

Jianjian YI 024607 -02-5054-us 
CONFIRMATION NO. 1915 

POA ACCEPTANCE LETTER 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 1111111111111111111111 ll]~!l]!U~IU)~l~l)I ~~11111111111111111111111111 
Palo Alto, CA 94304-1124 

Date Mailed: 01/03/2023 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/29/2022. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/tcouch/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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PART B- FEE(S) TRANSMITTAL Electronically filed December 29, 2022 
Complete and send this form with applicable fee(s), to: Mail Mail Stop ISSUE FEE 

Commissioner of Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571) 273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where appropriate. All further 
correspondence including the Patent, advanced orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected below or directed 
otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS 

MORGAN, LEWIS & BOCKIUS LLP 
1400 Page Mill Road 
Palo Alto, CA 94304 

Note: A certificate of mailing below can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must have 
its own certificate of mailing. 

Certificate of Mailing 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

Si nature 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTY'S DOCKET NO. CONFIRMATION NO. 

17/061,427 10/01/2020 Jianjian YI 024607-02-5054-US 1915 

TITLE OF INVENTION POROUS FILM AND LITHIUM-ION BATTERY 

APPLN.TYPE ENTITY STATUS ISSUE FEE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 0 $1200 01/04/2023 

EXAMINER ARTUNIT CLASS-SUB CLASS 

HARRIS, GARY D 
I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

D Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

1727 

D "Fee Address" indication (or "Fee Address" Indication form PTO/SB/47) 
attached. Use of a Customer Number is required. 

429-209000 
2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent 
attorneys or agents OR, alternatively, 
(2) the name of a single firm (having as a 
member a registered attorney or agent) and the 
names of up to 2 registered patent attorneys or 
agents. If no name is listed, no name will be 
printed 

1. 

2. 

3. 

Morgan, Lewis & Bockius LLP 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation 
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE: 

NINGDE AMPEREX TECHNOLOGY LIMITED 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

NINGDE CITY, FUJIAN, CHINA 

Please check the appropriate assignee category or categories (will not be printed on the patent) D Individual 181 Corporation or other private group entity D Government 

4a. The following fee(s) are submitted: 

181 Issue Fee 

D Advanced Order - # of Copies 

5. Change in Small Entity Status (from status indicated above) 

D a. Applicant certifying micro entity status. See 37 CFR 1.29. 

D Applicant asserting small entity status. See 37 CFR 1.27. 

D Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above.) 

D A check in the amount of the fee(s) enclosed 

D Payment by credit card. Form PTO-2038 is attached. 

181 The Director is hereby authorized to charge the required fee( s ), or credit any overpayment, to 

Deposit Account Number 50-0310 (order no. 024607-02-5054-US) 

NOTE: Absent a valid certification of Micro Entity (see form PTO/SB/15A and 15B), issue fee payment in 
the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken to be a 
notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity 
status, as applicable. 

NOTE: This form must be sign in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature: /Yalei Sun/ 

Printed Name: Yalei Sun 

Date: December 29, 2022 

Registration No. 57,765 
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Electronic Patent Application Fee Transmittal 

Application Number: 17061427 

Filing Date: 01-0ct-2020 

Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Filer: Yalei Sun/Cheryl Rogers 

Attorney Docket Number: 024607-02-5054-US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 47293648 

Application Number: 17061427 

International Application Number: 

Confirmation Number: 1915 

Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Customer Number: 24341 

Filer: Yalei Sun 

Filer Authorized By: 

Attorney Docket Number: 024607-02-5054-US 

Receipt Date: 29-DEC-2022 

Filing Date: 01-OCT-2020 

Time Stamp: 17:07:19 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1200 

RAM confirmation Number E2022BSH07493646 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

113463 

1 Issue Fee Payment (PT0-85B) 
024607-02-5054-US_lssue_Fee. 

no 1 
pdf 

Of6617882f87596e93c12531f179919fccd4c 
1aa 

Warnings: 

Information: 

37522 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
fb1 ab5f3d56a733994e474e107fc9034e511 

b227 

Warnings: 

Information: 

Total Files Size (in bytes) 150985 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

I hereby revoke all previous powers of attorney given in the application identified in the 
attached statement under 37 CFR 3.73(c). 

I hereby appoint the practitioners of Morgan, Lewis & Bockius LLP, Customer Number 
24341 as attorneys or agents to represent the undersigned and to transact all business before 
the United States Patent and Trademark Office (USPTO) in connection with any and all patent 
applications and patents assigned only to the undersigned according to the USPTO assignment 
records or assignment documents attached to this form in accordance with 37 C.F.R. § 3.73(c), 
said appointment to be to the exclusion of the inventor(s) and their attomey(s) in accordance 
with the provisions of 37 C.F.R. § 3.71, provided that, if any one of these ?ttorneys ceases 
being affiliated with the law firm of Morgan, Lewis & Bockius LLP as partner, counsel, or 
employee, then the appointment of that attorney and all powers derived therefrom shall 
terminate on the date such attorney ceases being so affiliated. 

. Please change the correspondence address for the application identified in the attached 
stafement LI!'}der 37 CFR 3.73(c) to the address associated with Customer Number 24341. 

Assignee Name and Address: NINGDE AMPEREX TECHNOLOGY LIMITED 
No. 1, Xingang Road 
Zhangwan Town, Jiaocheng Zone 
Ningde City, Fujian Province 
P.R. China 352100 

SIGNATURE of Assignee of Record 
The undersigned whose signature and title is supplied below is authorized to act on behalf of the assignee. 

Signature 

Name 

Title 

{;~xr~f 7 
_L_ia_n_g_x1_·n_Y_a_n~g~----------- Date 

_IP_M_a_n_a~g~e_r _____________ Telephone 

A copy of this form, together with a statement under 37 C.F.R. § 3. 73{c) {Form PTO/S896 or equivalent) is 
required to be filed in each application in which this form is used. The statement under 37 C.F.R. § 3.73{c) may 
be completed by one of the practitioners appointed in this form if the appointed practitioner is authorized to act 
on behalf of the assignee and must identify the application in which this Power of Attorney is to be filed. 

D82/ 40409063.1 
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Electronic Acknowledgement Receipt 

EFSID: 47291821 

Application Number: 17061427 

International Application Number: 

Confirmation Number: 1915 

Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Customer Number: 24341 

Filer: Yalei Sun 

Filer Authorized By: 

Attorney Docket Number: 024607-02-5054-US 

Receipt Date: 29-DEC-2022 

Filing Date: 01-OCT-2020 

Time Stamp: 12:46:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

995352 

1 
024607-02-5054-

4 
US_Assignee_Statement.pdf 

yes 
7364 79b765ba4fa931 bc6ebc2e0abef812f0 

8009 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Assignee showing of ownership per 37 CFR 3.73 1 1 

Power of Attorney 2 2 

Miscellaneous Incoming Letter 3 4 

Warnings: 

Information: 

Total Files Size (in bytes) 995352 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronically filed December 29, 2022 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Jianjian YI, et al. Confirmation No.: 1915 

Serial No.: 17/061,427 Art Unit 1727 

Filed: October 1, 2020 Examiner: HARRIS, Gary D. 

For: POROUS FILM AND 
LHHIUM-ff)N 
BATTERY 

Attorney Docket No.: 024607-02-5054-U S 

STATEMENT UNDER 37 C.F.R. § 3.73(c) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

NINGDE AMPEREX TECHNOLOGY LIMITED, a corporation, states that it is 

the assignee of the entire right, title and interest in the patent application/patent identified 

above by virtue of an assignment from the inventor( s) of the parent of the patent 

application/patent identified above. 

The assignment was recorded in the United States Patent and Trademark Office on 

______ at Reel ___ , Frame ____ , or for which a copy thereof is attached. 

Date: 

The undersigned is authorized to act on behalf of the assignee. 

December 29, 2022 /Yalei Sun/ 
Yalei Sun 

MORGAN' LEWIS & BOCKIUS LLP 

1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 

57,765 
(Reg. No.) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

24341 7590 10/04/2022 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

APPLICATION NO. FILING DATE 

17/061,427 10/01/2020 

FIRST NAMED INVENTOR 

Jianjian YI 

TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY 

EXAMINER 

HARRIS, GARY D 

ART UNIT PAPER NUMBER 

1727 

DATEMAILED: 10/04/2022 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

024607-02-5054-US 1915 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 01/04/2023 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part Bis filed, a request to reapply a previously paid issue fee must be 
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 

PTOL-85 (Rev. 02/11) 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

24341 7590 10/04/2022 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

APPLICATION NO. FILING DATE 

17/061,427 10/01/2020 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Jianjian YI 024607-02-5054-US 1915 

TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

HARRIS, GARY D 1727 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

429-209000 

2. For printing on the patent front page, list 
(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 01/04/2023 

2 _____________ _ 

3 _____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _____________________ _ 

Typed or printed name _____________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ___________________ _ 

Registration No. _______________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

17/061,427 10/01/2020 

24341 7590 10/04/2022 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

FIRST NAMED INVENTOR 

Jianjian YI 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

024607-02-5054-US 1915 

EXAMINER 

HARRIS, GARY D 

ART UNIT PAPER NUMBER 

1727 

DATEMAILED: 10/04/2022 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
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~pplication No. Applicant(s) 

Notice Requiring Inventor's 
17/061,427 Jianjian YI 

Oath or Declaration Examiner i\rtUnit 

!HARRIS, GARY D 1727 

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design 
Application (PTOL-37D). 

An inventor's oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each 
inventor has not yet been submitted. 

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64, 
executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or substitute 
statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is paid. See 35 
U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application. 

A properly executed inventor's oath to declaration has not been received for the following inventor(s): 

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received 
an informational notice regarding deficiencies therein. 

The following deficiencies are noted: 

INFORMAL ACTION PROBLEMS 

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200. 

U.S. Patent and Trademark Office 

PTO-2306 (01-13) Notice Requiring Inventor's Oath or Declaration 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
17/061,427 
Examiner 
GARY D HARRIS 

Applicant(s) 
YI etal. 
Art Unit 
1727 I 

AIA (FITF) Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.0 This communication is responsive to documents submitted on 11/29/2021. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.0 The allowed claim(s) is/are 1-19 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 0AII b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 
2. 0 Certified copies of the priority documents have been received in Application No. 16/000,764. 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

0 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 11/29/2021. 

3. 0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material __ . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 

/GARY D HARRIS/ 
Primary Examiner, Art Unit 1727 

U.S. Patent and Trademark Office 

5. 0 Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

7.00ther __ 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220923 
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Application/Control Number: 17 /061,427 
Art Unit: 1727 

POROUS FILM AND LITHIUM-ION BATTERY 

Page 2 

Primary Examiner: Gary Harris Art Unit: 1727 September 23, 2022 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Priority 

Receipt is acknowledged of certified copies of papers submitted under 35 U.S.C. 

119(a)-(d), which papers have been placed of record in the file. 

Information Disclosure Statement 

The information disclosure statements (IDS) submitted on 11/29/2021 was 

considered by the examiner. 

Drawings 

The drawings were received on 10/01/2020. These drawings are acceptable. 

Allowable Subject Matter 

Claims 1-19 are allowed. 

The following is an examiner's statement of reasons for allowance: 
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Application/Control Number: 17 /061,427 Page 3 
Art Unit: 1727 

The art made of record Murata et al. US 2017/0194613 discloses a porous film 

(membrane, see abstract and title), comprising: a binder (see abstract); and inorganic 

particles [0073-0075]. The porous film comprises pores formed by the binder [0086] 

given pores are found within the binder and porous layer. The pores at least comprise a 

part of the inorganic particles (filler). However, Murata fails to teach, suggest or render 

obvious the particles sizes and ranges as required in the independent claims 1 & 10. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to GARY D HARRIS whose telephone number is (571)272-

6508. The examiner can normally be reached on Mon-Sat. 5:30AM-8PM EST (flex). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Barbara Gilliam can be reached on (571 )272-1330. The fax phone number 

for the organization where this application or proceeding is assigned is 571 -273-8300. 
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Application/Control Number: 17 /061,427 
Art Unit: 1727 

Page 4 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/GARY D HARRIS/ 
Primary Examiner, Art Unit 1727 
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Application/Control No. Applicant(s)/Patent Under 
17/061,427 Reexamination 

Notice of References Cited 
YI etal. 

Examiner Art Unit 
I Page 1 of 1 GARY D HARRIS 1727 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

* A US-20170194613-A 1 07-2017 Murata; Hiroshi H01 M50/42 1 /1 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20220923 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 25 of 297

Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 17/061,427 YI etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted I Interference 0 Objected 

CLAIMS 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. 0 R.1.47 

CLAIM DATE 
Final Original 09/23/2022 

1 = 
2 = 
3 = 
4 = 
5 = 
6 = 
7 = 
8 = 
9 = 
10 = 
11 = 
12 = 
13 = 
14 = 
15 = 
16 = 
17 = 
18 = 
19 = 

U.S. Patent and Trademark Office Part of Paper No.: 20220923 

Page 1 of 1 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/061,427 YI etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

CPC 

Symbol Type Version 

H01M 10 0525 F 2013-01-01 

H01M 4 623 2013-01-01 

H01M 4 583 2013-01-01 

H01M 4 661 2013-01-01 

H01M 50 403 2021-01-01 

H01M 50 409 2021-01-01 

H01M 2004 028 A 2013-01-01 

H01M 2004 027 A 2013-01-01 

CPC Combination Sets 

Symbol Type Set Ranking Version 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 19 

/GARY D HARRIS/ 23 September 2022 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No.: 20220923 

Page 1 of 3 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/061,427 YI etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H01M 10 0525 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS I SUBCLASS 

429 I 209 

CROSS REFERENCES(S) 

CLASS I SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I I 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 19 

/GARY D HARRIS/ 23 September 2022 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No.: 20220923 

Page 2 of 3 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 17/061,427 YI etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 10 10 19 19 
2 2 11 11 
3 3 12 12 
4 4 13 13 
5 5 14 14 
6 6 15 15 
7 7 16 16 
8 8 17 17 
9 9 18 18 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 19 

/GARY D HARRIS/ 23 September 2022 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No.: 20220923 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Search Notes 17/061,427 YI etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

CPC - Searched* 

Symbol Date Examiner 

H01M10/0525 H01M4/583 H01M4/623 H01M4/661 H01M50/403 gh 
H01 M50/409 H01 M2004/027 H01 M2004/028 H01 M50/426 H01 M50/ 09/23/2022 443 H01 M50/491 H01 M50/417 H01 M50/431 H01 M50/446 Y02E60/ 
10 H01 M50/44 

CPC Combination Sets - Searched* 

Symbol Date Examiner 

US Classification - Searched* 

Class Subclass Date Examiner 

429 209 09/23/2022 gh 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

Assignee, inventor name and key word search based on H01 M10/ gh 
0525 H01 M4/583 H01 M4/623 H01 M4/661 H01 M50/403 H01 M50/409 
H01 M2004/027 H01 M2004/028 H01 M50/426 H01 M50/443 H01 M50/ 09/23/2022 
491 H01M50/417 H01M50/431 H01M50/446 Y02E60/10 H01M50/44 
(see search history). 

/GARY D HARRIS/ 
Primary Examiner, Art Unit 1727 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20220923 
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Application/Control No. Applicant(s)/Patent Under Reexamination 
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CN102939675A Non-aqueous electrolyte secondary battery 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

Technical field 

The present invention relates to a non-aqueous electrolyte secondary battery, and more particularly, to a non­
aqueous electrolyte secondary battery with improved durability against high-speed charge and discharge. 

Background technique 

In recent years, lithium-ion batteries, nickel-metal hydride batteries, and other non-aqueous electrolyte 
secondary batteries have become increasingly important as power sources for vehicles, personal computers, and 
mobile terminals. In particular, a light-weight lithium ion battery capable of obtaining a high energy density is 
expected to be used as a high-output power source for vehicle installation. In a typical structure of such a 
lithium ion battery, lithium ions reciprocate between the positive electrode and the negative electrode, and 
thereby charge and discharge. As a prior art related to a lithium ion battery, for example, Patent Document 1 is 
cited. 

Existing technical literature 

Patent Literature 

Patent Document 1: Japanese Patent Application Publication No. 2002-008730 

Summary of the invention 

Therefore, among the uses of lithium ion batteries, a use is assumed in which the high-speed discharge (rapid 
discharge) is repeated. A lithium-ion battery used as a power source of a vehicle (for example, a lithium-ion 
battery mounted on a hybrid vehicle that uses a lithium-ion battery as a power source in combination with 
another power source with a different operating principle such as an internal combustion engine) is A 
representative example of a lithium ion battery in such a use state. However, it is known that conventional 
general lithium-ion batteries exhibit high durability against low-rate charge-discharge cycles, but in a charge­
discharge mode in which high-speed discharge is repeated, performance degradation (increased battery 
resistance) is likely to occur Wait). 

Patent Document 1 describes a technique for forming a thin layer of20 µm or less for holding an electrolyte on 
a substrate of a separator, thereby making up for the shortage of electrolyte between the positive and negative 
electrodes, and thereby improving The discharge capacity of the battery. However, in this technique, even if the 
discharge capacity of the battery can be improved, the durability of the charge-discharge mode resistant to 
repeated high-speed discharge (for example, rapid discharge at a level required in a lithium-ion battery for 
vehicle power sources, etc.) cannot be improved Sex. 

The present invention is made in view of the above-mentioned problems, and its main object is to provide a non­
aqueous electrolyte secondary battery capable of improving durability against high-speed charge and discharge. 

The inventor of the present application focused on the following situation: In a non-aqueous electrolyte 
secondary battery having an electrode body in which a positive electrode and a negative electrode are 
superposed through a separator, if the non-aqueous electrolyte for vehicle power source is continuously repeated 
With the high-speed discharge and charge assumed in the secondary battery, it was found that the battery 
resistance increased significantly. Therefore, the inventors have analyzed in detail the influence of this high­
speed charge and discharge repetition on the non-aqueous electrolyte secondary battery. 

As a result, it was found that in a non-aqueous electrolyte secondary battery that repeatedly performs high-speed 
charge and discharge, the amount of electrolyte in the non-aqueous electrolyte immersed between the positive 
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and negative electrodes of the electrode body is reduced. During charging and discharging, part of the non­
aqueous electrolyte inunersed between the positive and negative electrodes of the electrode body is squeezed to 
the outside of the electrode, and the amount of electrolyte between the positive and negative electrodes falls 
below a necessary amount (that is, electrolyte depletion). 

If the electrolyte depletion occurs between the positive and negative electrodes in this way, the amount of 
electrolytic solution in the positive and negative electrodes during charge and discharge is insufficient, so the 
high-speed charge and discharge performance of the entire battery decreases. In addition, since the battery 
reaction is concentrated in a portion with a relatively large amount of electrolyte (i.e., the remaining portion of 
the electrolyte in the positive and negative electrodes), the deterioration ofthis portion is promoted. These 
conditions are the main reasons that the durability of the non-aqueous electrolyte secondary battery withstands 
high-speed charge and discharge cycles (the battery resistance increases). 

The present invention is based on the above finding, by eliminating or alleviating the shortage of the electrolyte 
between the positive and negative electrodes, to improve the durability of the non-aqueous electrolyte secondary 
battery against high-speed charge and discharge cycles. 

That is, the non-aqueous electrolyte secondary battery provided by the present invention is a non-aqueous 
electrolyte secondary battery having an electrode body formed by superposing a positive electrode sheet and a 
negative electrode sheet through a separator. A porous layer is formed on the surface of at least one side of the 
separator, and the porous layer has an inorganic filler and a binder. The surface of the porous layer has 
irregularities, and the maximum unevenness of the uneven surface is 0.2 µm to 1.7 µm. 

According to the structure of the present invention, the porous layer is formed on at least one surface of the 
separator, and the surface of the porous layer is formed with irregularities. Therefore, a large amount of non­
aqueous electrolyte can be held on the uneven surface. Therefore, even if a part of the non-aqueous electrolyte 
inunersed in the positive and negative electrodes due to high-speed charge and discharge is squeezed out of the 
positive and negative electrodes, the non-aqueous electrolyte held by the uneven surface can be quickly supplied 
into the positive and negative electrodes, So that the amount of electrolyte in the positive and negative 
electrodes is quickly restored. This can eliminate or alleviate the shortage of electrolyte in the positive and 
negative electrodes caused by high-speed charge and discharge, and can improve the durability against charge­
discharge cycles. 

Preferably, the maximum height difference of the uneven surface is 0.2 µm to 1.7 µm. If the maximum height 
difference of the uneven surface is less than 0.2 m, the liquid retention function of the uneven surface is 
reduced, and the above-mentioned cycle durability improvement effect may not be obtained. In addition, if the 
maximum height difference of the uneven surface is higher than 1. 7 µm, the balance of the amount of electrolyte 
between the positive and negative electrodes is broken, and the battery reaction becomes uneven. Therefore, the 
cycle durability tends to decrease instead. 

In a preferred embodiment disclosed herein, the porous layer has particles formed of an inorganic metal 
compound as the inorganic filler, and the cumulative particle size Dl0 of 10% in the particle size distribution 
(volume basis) of the metal compound particles is 0.2µm or more. If the cumulative particle diameter DlO of 
10% of the metal compound particles is too small, the porous layer is formed by the aggregation of the minute 
metal compound particles with a small particle size, so the bonding between the metal compound particles is 
weak and the durability of the porous layer is reduced. Therefore, when the pressure caused by the expansion 
and contraction of the electrode body during high-speed charge and discharge is received, the uneven surface is 
easily damaged, and the above-mentioned cycle durability improvement effect may not be obtained. 

In addition, preferably, in the particle size distribution (volume basis) of the metal compound particles, the 
particle diameter D90 accumulated 90% is 4 m or less. If such a collection of metal compound particles having a 
uniform particle size with a narrow particle size distribution forms a porous layer, the binding force between the 
metal compound particles is strong, and the durability of the porous layer is further improved. Therefore, even if 
the pressure caused by the expansion and contraction of the electrode body accompanying high-speed charge 
and discharge is received, the uneven surface is hardly damaged, and the above-mentioned cycle durability 
improvement effect can be obtained more reliably. 

In a preferred mode disclosed herein, the metal compound particles are alumina or alumina hydrate. Since these 
metal compound particles have a high Mohs hardness, it is particularly preferable from the viewpoint of 
improving the durability of the porous layer formed using the particles. 
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In a preferred aspect disclosed herein, the binder content ratio in the porous layer, the amount of solid 
components contained in the porous layer (typically inorganic fillers, binders and other porous layers When the 
total amount of forming components (for example, a thickener) is 100% by mass, it is 1. 5% by mass to 3 % by 
mass. Thereby, the maximum height difference of the uneven surface can be easily controlled within the 
preferred range disclosed herein. 

In a preferred mode disclosed herein, the porous layer is formed on the surface of the separator opposite the 
negative electrode sheet, and the uneven surface of the porous layer is formed at least opposite to the negative 
electrode active material layer containing the negative electrode active material of the negative electrode sheet 
Position. The negative electrode active material layer containing the negative electrode active material of the 
negative electrode sheet is likely to suffer from insufficient electrolyte due to high-speed charge and discharge. 
Therefore, it is particularly useful to form the uneven surface of the porous layer at a position opposed to the 
negative electrode active material layer. 

Any of the non-aqueous electrolyte secondary batteries disclosed herein has performance suitable for batteries 
mounted on vehicles (for example, high output can be obtained), and in particular, has good durability against 
high-speed charge and discharge. Therefore, according to the present invention, it is possible to provide a 
vehicle having any of the non-aqueous electrolyte secondary batteries disclosed herein. In particular, it is 
possible to provide a vehicle (for example, an automobile) having the non-aqueous electrolyte secondary battery 
as a power source (typically, a power source for a hybrid vehicle or an electric vehicle). 

Examples of preferred applications of the technology disclosed herein include non-aqueous electrolytes that can 
be used under charge and discharge cycles including high-speed discharge of 50A or more (eg, 50A to 250A) 
and further l00A or more (eg, lO0A to 200A). Secondary batteries; large-capacity models with a theoretical 
capacity of 1 Ah or more (and further 3 Ah or more) and are thought to be able to withstand high-rate discharge 
including l0C or more (eg, l0C to SOC) and then 20C or more (eg, 20C to 40C) Used non-aqueous electrolyte 
secondary battery, etc. 

BRIEF DESCRIPTION 

FIG. 1 is a side view schematically showing a lithium secondary battery according to an embodiment of the 
present invention. 

FIG. 2 is a cross-sectional view taken along the line II-II of FIG. 1. 

Fig. 3 is a diagram schematically showing an electrode body of a lithium secondary battery according to an 
embodiment of the present invention. 

4 is an enlarged cross-sectional view showing a main part of a lithium secondary battery according to an 
embodiment of the present invention. 

FIG. 5 is a diagram for explaining the measurement method of the film resistance in one test example. 

6 is a side view schematically showing a vehicle having a lithium secondary battery according to an 
embodiment of the present invention. 

detailed description 

Hereinafter, embodiments of the present invention will be described with reference to the drawings. In the 
following drawings, components and parts that perform the same function are denoted by the same reference 
symbols. In addition, the dimensional relationship (length, width, thickness, etc.) in each figure does not reflect 
the actual dimensional relationship. In addition, for matters other than those specifically mentioned in this 
specification, if they are necessary for implementing the present invention (for example, the structure and 
manufacturing method of an electrode body having a positive electrode and a negative electrode, the structure 
and manufacturing method of a separator or an electrolyte Methods, general technologies related to the 
construction of non-aqueous electrolyte secondary batteries and other batteries, etc.), can be grasped as a design 
matter for those skilled in the art based on the prior art in this field. 
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It is not intended to be particularly limited, but the following is a non-aqueous electrolyte lithium secondary 
battery (lithium ion battery) in the form of a wound electrode body (wound electrode body) and a non-aqueous 
electrolyte solution packed in a cylindrical container) As an example to explain the present invention in detail. 

The schematic structure of the lithium ion battery of one embodiment of the present invention is shown in FIGS. 
1 to 3. The lithium-ion battery 100 has a structure in which an elongated positive electrode sheet 10 and an 
elongated negative electrode sheet 20 are wound through an elongated separator 40 (wound electrode body) 80, 
Along with a non-aqueous electrolyte not shown in the figure, it is put into a container 50 in a shape (cylindrical 
shape) that can accommodate the wound electrode body 80. 

The container 50 has a bottomed cylindrical container body 52 with an open upper end, and a lid 54 for closing 
the opening thereof. As the material constituting the container 50, metal materials such as aluminum, steel, Ni­
plated SUS, etc. (Ni-plated SUS in this embodiment) are preferably used. Alternatively, it may be a container 50 
molded from a resin material such as PPS or polyimide resin. A positive terminal 70 electrically connected to 
the positive electrode 10 of the wound electrode body 80 is provided on the upper surface of the container 50 
(that is, the lid 54). On the lower surface of the container 50, a negative electrode terminal 72 electrically 
connected to the negative electrode 20 of the wound electrode body 80 is provided (in this embodiment, the 
container body 52 also serves.). Inside the container 50, the wound electrode body 80 is housed together with a 
non-aqueous electrolyte not shown in the figure. 

The wound electrode body 80 of the present embodiment is the same as the wound electrode body of a general 
lithium ion battery except for the structure of the separator 40 described below. As shown in FIG. 3, the wound 
electrode body 80 is assembled The pre-stage has a strip-shaped (band-shaped) sheet structure. 

The positive electrode sheet 10 has a structure in which a positive electrode active material layer 14 containing a 
positive electrode active material is held on both surfaces of a long sheet-shaped foil-shaped positive electrode 
current collector 12. However, the positive electrode active material layer 14 is not attached to an edge (the 
lower edge portion in the figure) extending along the widthwise end of the positive electrode sheet 10, but the 
positive electrode current collector 12 is exposed to a certain width. The non-forming part of the positive 
electrode active material layer is formed. 

Like the positive electrode sheet 10, the negative electrode sheet 20 has a structure in which a negative electrode 
active material layer 24 containing a negative electrode active material is held on both sides of a long foil­
shaped negative electrode current collector 22. However, the negative electrode active material layer 24 is not 
attached to an edge ( the upper edge portion in the figure) extending along the widthwise end of the negative 
electrode sheet 20, but the negative electrode current collector 22 is exposed to a certain width. The negative 
electrode active material layer non-formed portion is formed. 

When the wound electrode body 80 is produced, as shown in FIG. 3, the positive electrode sheet 10 and the 
negative electrode sheet 20 are laminated via the separator 40. At this time, the positive electrode sheet 10 and 
the negative electrode are made so that the positive electrode active material layer non-forming portion of the 
positive electrode sheet 10 and the negative electrode active material layer non-forming portion of the negative 
electrode sheet 20 extend from both sides in the width direction of the separator 40 respectively The pieces 20 
are slightly shifted and overlapped in the width direction. The wound electrode body 80 can be produced by 
winding the laminated body thus superposed. 

At the central portion of the wound electrode body 80 in the winding axis direction, a wound core portion 82 (ie, 
the positive electrode active material layer 14 of the positive electrode sheet 10, the negative electrode active 
material layer 24 of the negative electrode sheet 20, and the separator 40 are closely laminated section). In 
addition, at both ends of the wound electrode body 80 in the winding axis direction, the electrode active material 
layer non-forming portions of the positive electrode sheet 10 and the negative electrode sheet 20 extend from the 
winding core portion 82 outward, respectively. A positive electrode lead terminal 74 and a negative electrode 
are attached to the positive electrode side overhanging portion (ie, the non-forming portion of the positive 
electrode active material layer 14) 84 and the negative electrode side overhanging portion (ie, the non-forming 
portion of the negative electrode active material layer 24) The lead terminal 76 is electrically connected to the 
above-mentioned positive electrode terminal 70 and negative electrode terminal 72 (in this case, the container 
body 52 also serves.). 

The constituent elements constituting the wound electrode body 80 can be the same as the wound electrode body 
of a conventional lithium ion battery except for the separator 40, and are not particularly limited. For example, 
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the positive electrode sheet 10 can be formed by applying a positive electrode active material layer 14 mainly 
composed of a positive electrode active material for a lithium ion battery to a long positive electrode current 
collector 12. As the positive electrode current collector 12, aluminum foil and other metal foils suitable for the 
positive electrode can be suitably used. As the positive electrode active material, one or two or more kinds of 
materials conventionally used in lithium ion batteries can be used, and there is no particular limitation. As a 
preferred object of use of the technology disclosed herein, lithium nickel oxide (LiMn 2 0 4 ), lithium cobalt 
oxide (LiCoO 2), lithium manganese oxide (LiNiO 2), etc., as constituent metal elements, include lithium and A 
transition metal element oxide (lithium transition metal oxide) as a main component of the positive electrode 
active material. 

The negative electrode sheet 20 can be formed by applying a negative electrode active material layer 24 mainly 
composed of a negative electrode active material for a lithium ion battery to a long negative electrode collector 
22. As the negative electrode current collector 22, copper foil and other metal foils suitable for the negative 
electrode can be suitably used. The negative electrode active material can use one or two or more of the 
materials conventionally used in lithium ion batteries, and is not particularly limited. Preferred examples include 
carbon-based materials such as graphite carbon and amorphous carbon, lithium-containing transition metal 
oxides, transition metal nitrides, and the like. 

As a preferred separator 40 used between the positive and negative electrode sheets 10 and 20, a porous 
poly olefin-based resin can be mentioned. For example, a porous separator made of synthetic resin ( e.g. made of 
polyolefin such as polyethylene) is preferably used. The separator 40 is impregnated with a non-aqueous 
electrolyte. 

Here, in this embodiment, as shown in FIG. 3, a porous layer 42 is formed on at least one surface of the 
separator 40 constituting the wound electrode body. In this embodiment, the porous layer 42 is formed on the 
surface of the separator opposed to the negative electrode sheet 20. The porous layer 42 is composed of an 
inorganic filler and a binder, and the inorganic filler and the inorganic filler and the separator are bonded 
together by the binder. 

In this way, the porous layer 42 is formed on the surface of the separator opposed to the negative electrode sheet 
20, whereby heat generation during internal short circuit can be suppressed. That is, it is conceivable that when 
foreign substances are mixed into the wound electrode body and a slight internal short circuit occurs, the heat 
will cause the separator 40 to shrink and the internal short circuit will expand (and thus the battery generates 
heat), but by providing the porous layer 42 in this way, the internal short circuit can be prevented Expansion to 
suppress heat generation. 

As the inorganic filler constituting the porous layer 42, it is preferable to use a material having heat resistance 
and having stable electrochemical properties in the range of use of the battery. Examples of such inorganic 
fillers include particles formed of inorganic metal compounds. As preferred examples, alumina (Al 2 0 3), 
alumina hydrate (for example, boehmite (Al 2 0 3 • H 2 0)), magnesium hydroxide (Mg (OH) 2), magnesium 
carbonate ( MgCO 3) etc. One or more of these inorganic metal compound materials can be used. Among them, 
aluminum oxide or aluminum oxide hydrate has a high Mohs hardness, so it is preferable in terms of improving 
the durability of the porous layer. 

The binder used in the porous layer 42 is a binder for binding the inorganic filler. The material constituting the 
binder itself is not particularly limited, and various materials can be used in a wide range. As a preferable 
example, an acrylic resin can be mentioned. As the acrylic resin, acrylic acid, methacrylic acid, acrylamide, 
methacrylamide, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, methacrylate, methyl methacrylate, 
acrylic acid are preferably used A homopolymer obtained by polymerizing monomers such as ethylhexyl ester 
and butyl acrylate. In addition, the acrylic resin may be a copolymer obtained by polymerizing two or more of 
the comonomers. Furthermore, it may be a material obtained by mixing two or more of the above-mentioned 
homopolymer and copolymer. In addition to the above-mentioned acrylic resin, polyvinylidene fluoride, 
polytetrafluoroethylene (PTFE), polyacrylonitrile, polymethyl methacrylate, and the like can also be used. 

Next, the wound electrode body 80 of this embodiment will be described in detail together with FIG. 4. 4 is a 
schematic cross-sectional view showing an enlarged section of a section cut along the winding axis of the 
wound electrode body 80 of the present embodiment, showing the separator 40 and the porous layer 42 formed 
on the surface of the separator 40 3. The negative electrode sheet 20 opposed to the porous layer 42. 
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As shown in FIG. 4, the negative electrode active material layer 24 in the negative electrode sheet 20 is 
composed of negative electrode active material particles 26 and a binder not shown in the figure, and the 
negative electrode active material particles 26 and the negative electrode active material are separated by the 
binder The particles 26 and the negative electrode current collector 22 are bonded together. Between adjacent 
negative electrode active material particles 26, a plurality of pores 28 are formed in a portion that is not bound 
by the binder, and a non-aqueous electrolyte solution (that is, the non-aqueous electrolyte solution penetrates 
into the negative electrode active material layer is maintained in the pores 28 Inside). 

Here, in the conventional lithium secondary battery, if the discharge and charging of a short time (pulse shape) 
are continuously repeated at a high speed as imagined by a lithium secondary battery for a vehicle power source, 
there is a non-immersion in the negative electrode active material layer 24 A part of the aqueous electrolyte is 
squeezed out of the negative electrode active material layer 24, and the amount of electrolyte in the negative 
electrode active material layer 24 is reduced to a necessary amount or less (that is, electrolyte depletion occurs). 

In this way, if the electrolyte depletion occurs in the negative electrode active material layer 24, the amount of 
electrolyte in the negative electrode active material layer 24 is insufficient during charge and discharge, and the 
high-speed charge and discharge performance of the entire battery decreases. In addition, in a portion where the 
amount of electrolyte is relatively large (i.e., the portion where the electrolyte remains in the negative electrode 
active material layer 24 ), the battery reaction is concentrated, thereby promoting the deterioration of this 
portion. These conditions can be the cause of the reduction in the durability of the lithium secondary battery 
against high-speed charge and discharge cycles (increasing the battery resistance). 

In contrast, in the present embodiment, a porous layer 42 having an inorganic filler and a binder is formed on 
the surface of the separator 40. The surface of the porous layer 42 has irregularities, and the maximum 
unevenness of the uneven surface 42a is 0.2 m to 1.7 m. In this embodiment, the porous layer 42 is formed on 
the surface of the separator 40 opposed to the negative electrode sheet 20, and the uneven surface 42a of the 
porous layer 42 is formed at least on the negative electrode active material layer containing the negative 
electrode active material in the negative electrode sheet 20 24 relative position. 

According to this structure, the porous layer 42 is formed on the surface of the separator 40 opposed to the 
negative electrode sheet 20, and the surface of the porous layer 42 is formed with irregularities, so that a large 
number of non-condensed portions 44 can be maintained in the concave portions 44 of the uneven surface 42a 
Water electrolyte. Therefore, even if a part of the non-aqueous electrolyte immersed in the negative electrode 
active material layer 24 is pushed out of the negative electrode active material layer 24 due to high-speed charge 
and discharge, the non-aqueous electrolysis held in the concave portion 44 of the uneven surface 42a The liquid 
is quickly supplied to the negative electrode active material layer 24, and the amount of electrolyte in the 
negative electrode active material layer can be quickly recovered. Thereby, the shortage of electrolyte in the 
negative electrode active material layer due to high-speed charge and discharge can be eliminated or alleviated, 
and the durability against charge and discharge cycles can be improved. 

Preferably, the maximum height difference Ii of the uneven surface is 0.2 µm to 1.7 µm. If the maximum height 
difference Ii of the uneven surface is less than 0.2 µm, the liquid retention function of the uneven surface is 
reduced, and the above-mentioned cycle durability improvement effect may not be obtained. In addition, if the 
maximum height difference Ii of the uneven surface is higher than 1. 7 µm, the balance of the amount of 
electrolyte between the positive and negative electrodes is broken, and the battery reaction becomes uneven. 
Therefore, on the contrary, there is a tendency to lower the cycle durability. It is appropriate that the maximum 
height difference Ii of the uneven surface is approximately 0.2 µm to 1.7 µm, preferably 0.3 µm to 1.5 µm, and 
particularly preferably 0.5 µm to 1.5 µm. 

In addition, preferably, the thickness d (including the maximum thickness of the uneven surface) d of the porous 
layer 42 may be approximately 2 to 50 µm. If the porous layer 42 is too thick, since the porous layer itself 
functions as a resistance component, the cycle durability tends to decrease. In addition, if the porous layer 42 is 
too thin, the above-mentioned effect of suppressing heat generation during internal short circuit may not be 
obtained. The thickness d of the porous layer is suitably approximately 2 to 50 m, preferably 2 to 10 m, and 
particularly preferably 3 to 7 m. 

In addition, preferably, the porosity of the porous layer 42 is approximately 40% to 70%. If the porosity of the 
porous layer 42 is too small, the porous layer itself acts as a resistance component, which tends to lower the 
cycle durability. In addition, if the porosity of the porous layer 42 is too large, there is a case where the 
aforementioned heat generation suppression effect during internal short circuit cannot be obtained. In addition, 
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the porosity can be determined by, for example, the mass of the porous layer measured by an electronic balance, 
its apparent volume (for example, the thickness of the porous layer measured by SEM observation x area), and 
inorganic fillers, binders, and other porous layer structures The true density of the components is calculated. 

The maximum height difference o of the uneven surface can be adjusted by changing the particle size (average 
particle size, particle size distribution (wide or narrow)) of the metal compound particles used in the porous 
layer. Generally, as the particle size increases, the filling efficiency decreases, so the maximum height 
difference of the uneven surface tends to increase. Therefore, by changing the particle size (average particle 
size, particle size distribution) of the metal compound particles, the maximum height difference of the uneven 
surface can be controlled. That is, by appropriately selecting the particle size (average particle size, particle size 
distribution) of the metal compound particles, it is possible to form a porous layer having a maximum height 
difference of the uneven surface satisfying 0.2 µm:'S&Sl.7µm. 

Although not particularly limited, the average particle diameter D50 of the metal compound particles by laser 
diffraction or scattering method is preferably approximately 0.4 m to 2 m. Thereby, the maximum height 
difference o of the uneven surface can be easily controlled within the preferred range disclosed herein. 

In addition, it is preferable that in the particle size distribution (volume basis) of the metal oxide particles 
measured by laser diffraction or scattering method, the cumulative 10% particle diameter DlO is 0.2 m or more. 
If the cumulative particle diameter Dl0 of the metal compound particles is too small, the porous layer 42 is 
formed by the collection of fine metal compound particles with a small particle size, so the bonding between the 
metal compound particles is weak and the durability of the porous layer 42 low. Therefore, when subjected to 
pressure due to expansion and contraction of the wound electrode body accompanied by high-speed charge and 
discharge, the uneven surface 42a is easily damaged, and the above-mentioned cycle durability improvement 
effect may not be obtained. The cumulative 10% particle size D 10 of the metal compound particles is suitably 
approximately 0.2 µm or more, preferably 0.24 µm or more, and particularly preferably 0.3 µm or more. 

In addition, it is preferable that in the particle size distribution (volume basis) of the metal oxide particles 
measured by laser diffraction or scattering method, the cumulative 90% particle size D 90 is 4 m or less. If the 
porous layer 42 is formed by a collection of metal compound particles having a uniform particle size with a 
narrow particle size distribution, the bonding between the metal compound particles is strong, and the durability 
of the porous layer 42 is further improved. Therefore, even if the pressure caused by the expansion and 
contraction of the wound electrode body undergoes high-speed charge and discharge, the uneven surface 42a is 
hardly damaged, and the above-mentioned cycle durability improvement effect can be obtained more reliably. It 
is appropriate that the cumulative 90% particle diameter D90 of the metal compound particles is approximately 
4 m or less, preferably 3. 5 m or less, and particularly preferably 2. 9 m or less. 

As another method of realizing the uneven surface that can satisfy the preferred maximum height difference cl 
disclosed herein, a method of appropriately selecting the formation conditions when forming the porous layer 
can be cited. For example, the porous layer is obtained by dispersing metal oxide particles, a binder, and other 
porous layer forming components (for example, a thickener) in an appropriate solvent, and coating the obtained 
coating for forming a porous layer After the cloth is spread on one side or both sides of the separator, the 
coating is dried by drying air to form. In this case, by selecting the drying conditions such as the drying 
temperature and the drying wind speed, the maximum height difference o of the uneven surface can be 
controlled. That is, by appropriately selecting drying conditions such as drying temperature and drying wind 
speed, a porous layer having a maximum height difference o of the uneven surface satisfying 0.2 µm::; o::; 1.7 
µm can be formed. Although not particularly limited, the above drying temperature may be set substantially at 
40 ° C or higher (for example, 40 ° C to 80 ° C). In addition, the above-mentioned drying wind speed may be set 
substantially at or above 17 m / s (for example, 17 m / s to 22 m / s). Thereby, the maximum height difference of 
the uneven surface can be easily controlled within the preferable range disclosed here. 

In addition, as a method of adjusting the maximum height difference o of the uneven surface within an 
appropriate range, a method of changing the solid content rate and binder amount of the coating material for 
forming the porous layer can be cited. If the solid content rate and binder amount of the paint for forming a 
porous layer increase, the viscosity increases, so the smoothness of the coated surface deteriorates. Therefore, 
the maximum height difference o of the uneven surface tends to increase. Therefore, by changing the solid 
content rate of the paint for forming the porous layer and the amount of the binder, the maximum height 
difference o of the uneven surface can be controlled. That is, by appropriately selecting the solid content rate of 
the coating material for forming the porous layer and the amount of the binder, a porous layer having a 
maximum height difference o of the uneven surface satisfying 0.2 µm :'S o :'S 1. 7 µm can be formed. Although not 
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particularly limited, the solid content rate of the paint for forming a porous layer is preferably about 40% by 
mass or more (typically 40-50% by mass). In addition, when the content ratio of the binder is 100% by mass, the 
solid content (typically the total amount of the inorganic filler, binder, and other porous layer-forming 
components) contained in the paint for forming the porous layer is 100% by mass It is preferably about 1. 5% by 
mass or more (typically 1.5 to 4.5% by mass). As a result, the maximum height difference of the uneven surface 
can be easily controlled within the preferred range disclosed herein. In addition, the method of controlling the 
maximum height difference 6 of the above-mentioned uneven surface can be used individually or in 
combination. 

In addition, examples of the solvent used for the above-mentioned porous layer forming paste include N­
methylpyrrolidone (NMP), pyrrolidone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, toluene, 
and dimethyl. Organic solvents such as formamide and dimethylacetamide, or a combination of two or more of 
them. Or, it may be water or a mixed solvent mainly composed of water. As a solvent other than water 
constituting the mixed solvent, one or two or more organic solvents (lower alcohols, lower ketones, etc.) that 
can be homogeneously mixed with water can be appropriately selected and used. 

In addition, the coating material for forming the porous layer may contain, in addition to the inorganic filler and 
the binder, one or two or more materials that can be used as necessary. As an example of such a material, a 
polymer functioning as a thickener for the paint for forming a porous layer can be cited. As the polymer 
functioning as a thickener, for example, carboxymethyl cellulose (CMC) is preferably used. The content ratio of 
the tackifier is preferably about 1.5% by mass or less, and more preferably about 1 % by mass or less (for 
example, about 0. 5 to 1 %) when the solid content contained in the paint for forming a porous layer is 100% by 
mass. quality%). 

Such a porous layer-forming paint is applied on the surface of the separator 40, and the porous layer 42 is 
formed on the surface of the separator 40 by drying. At this time, the particle size (particle size distribution) of 
the inorganic filler contained in the coating material for forming the porous layer, the amount of binder, the 
solid content rate, and/ or The drying conditions when the paint is dried (for example, the drying temperature 
and the drying wind speed), and the porous layer 42 may be formed according to the set conditions. As a result, 
a porous layer having a maximum height difference 6 of the uneven surface satisfying 0.2 µm ::; 6 ::; 1. 7 µm can 
be formed. 

After the porous layer 42 is formed on the surface of the separator 40 in this way, the positive electrode sheet 10 
and the negative electrode sheet 20 are wound through the two separator sheets to produce a wound electrode 
body 80. Then, the wound electrode body 80 is loaded into the container body 52, and an appropriate non­
aqueous electrolyte is arranged (injected) into the container body 52. As the non-aqueous electrolyte solution 
that is loaded together with the wound electrode body 80 in the container body 52, the same non-aqueous 
electrolyte solution as that used in conventional lithium ion batteries can be used, and is not particularly limited. 
The non-aqueous electrolyte typically has a composition containing a supporting electrolyte in an appropriate 
non-aqueous solvent. As the non-aqueous solvent, for example, ethylene carbonate (EC), methyl ethyl carbonate 
(EMC), dimethyl carbonate (DMC), diethyl carbonate (DEC), propylene carbonate (PC) and the like can be 
used. In addition, as the supporting electrolyte, for example, lithium salts such as LiPF 6, LiBF 4, LiAsF 6, 
Li CF 3 SO 3, and LiClO 4 are preferably used. For example, the following non-aqueous electrolyte solution can 
be preferably used: LiPF 6 as a supporting electrolyte is contained in a mixed solvent containing EC, EMC, and 
DMC in a volume ratio of 3: 4: 3 at a concentration of about 1 mol / liter. 

The non-aqueous electrolyte solution described above is loaded into the container body 52 together with the 
wound electrode body 80, and the opening of the container body 52 is sealed by the lid body 54 to complete the 
construction (assembly of the lithium ion battery 100 of this embodiment ) . In addition, the sealing procedure of 
the container body 52 and the arrangement (injection) procedure of the electrolytic solution can be carried out in 
the same manner as conventionally performed in the manufacture of lithium ion batteries. Thereafter, the battery 
is adjusted (initial charge and discharge). Processes such as air extraction and quality inspection can also be 
performed as needed. 

Hereinafter, the test examples related to the present invention will be described, but this does not mean that the 
present invention is limited to the contents shown in the following test examples. 

□ Test Example 1: Adjustment of particle size distribution of inorganic filler □ 
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The metal compound powder as an inorganic filler was pulverized for 5 minutes at a wind pressure of 0.2 MPa 
using a jet mill (manufactured by' ') 1.J IJ ~ IJ □ ":,.I Inc.), and classified to 4 m or less using an air jet powder 
classifying device ( manufactured by Kang ~ I -:,., V .:. 7' 1) ":,.I 1}). The particle size distributions D 10 and D 90 
of the obtained metal compound powder were measured by a laser diffraction and scattering type particle size 
distribution measuring device (manufactured by Nikkiso Co., Ltd.). 

In addition, in this test, as shown in Table 1, five kinds of metal compound powders of magnesium carbonate, 
magnesium hydroxide, boehmite, a-alumina, and titanium dioxide were used to prepare the accumulation in the 
particle size distribution (volume basis) in the above order. Metal compound powders with different 10% 
diameter D 10 and cumulative 90% diameter D 90 ( Samples 1 to 15). 

[ Table l] 

□ Test Example 2: Preparation of paint for forming a porous layer□ 

The coating for forming a porous layer was prepared using various metal compound powders prepared in the 
above Test Example 1. Specifically, for sample 1, magnesium carbonate powder as an inorganic filler, an 
aqueous acrylic binder solution (solid content rate of 45% by mass), and carboxymethyl cellulose (CMC) 
powder as a thickener are prepared, and The mass ratio of the inorganic filler, binder, and tackifier is 97.8: 1.5: 
0.7, and is mixed in water so that the solid content rate becomes approximately 40% by mass. This mixture was 
pre-kneaded at a speed of 15,000 rpm for 5 minutes with a high-speed stirring and dispersing machine 
(manufactured by Cleac Corporation) at a speed of 15,000 rpm, and then was kneaded at a speed of 20,000 rpm 
for 15 minutes to prepare a coating for forming a porous layer. 

In addition, Samples 2 to 15 are the same as Sample 1, except that the solid content rate and binder amount of 
the paint for forming the porous layer (binder content ratio of the total solid content in the paint for forming the 
porous layer) Different from Table 1, the paste for forming the porous layer was prepared in the same order as 
above. 

□ Test Example 3: Formation of porous layer□ 

The porous layer 42 was formed by applying various porous layer-forming paints prepared in the above Test 
Example 2 to one side of a long separator 40 (thickness 20 µm) by a gravure roll, and by drying. As the coating 
conditions, the moving speed A of the separator was 3 m / min, the rotating speed B of the gravure roll was 3.8 
m I min, and the ratio of the rotating speed B of the gravure roll to the moving speed A of the separator ( speed 
ratio= A/ B) was 1.27, and it adjusted so that the coating amount of the coating material for porous layer 
formation may become about 0. 7 mg/ cm □ 2 □ (based on solid content). In addition, the above-mentioned 
drying is performed by a hot air drying method using dry air. Specifically, the drying temperature and the drying 
air speed of the drying air are different from each sample as shown in Table 1, and the porous layer is formed in 
the above order. As the separator, a single-layer structure of polyethylene (PE) or a three-layer structure of 
polypropylene (PE) -polyethylene (PE) -polypropylene (PE) is used. 

The cross sections of the porous layers of Samples 1 to 15 obtained above were observed with an electron 
microscope (SEM), and the maximum height difference Ii of the surface irregularities (concavo-convex surfaces) 
was measured. Specifically, sampling is performed, and the distance (interval) between the highest position and 
the lowest position of the uneven surface within a reference length of 3 cm is taken as the maximum height 
difference Ii. Sampling, select three parts at equal intervals in the TD direction (transverse direction), and select 
three parts at a distance of 3cm in the MD direction (machine direction, Machine Direction) (a total of 9 parts) ). 
Then, the maximum height difference? Of the uneven surface within 3 cm of each reference length was 
measured, and the average value was determined. 

□ Test Example 4: Measurement of membrane resistance □ 

Using the separator 40 provided with the various porous layers 42 prepared in the above Test Example 3, a 
lithium secondary battery (laminated single cell) was produced, and its membrane resistance (Rs) was measured. 
Specifically, as shown in FIG. 5, the porous layer 42 and the separator 40 are impregnated with a non-aqueous 
electrolyte, and sandwiched between two copper plates 62 with an area of 35 mm 2 and a thickness of 1 mm to 
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produce a laminated single cell 60. As a non-aqueous electrolyte, a mixed solvent containing ethylene carbonate 
(EC), dimethyl carbonate (DMC) and ethyl methyl carbonate (EMC) at a volume ratio of 3: 4: 3 at about 1 mol / 
liter was used The concentration contains a non-aqueous electrolyte that supports the electrolyte LiPF 6. Then, a 
torque pressure of 50 cN.m was applied from above and below the copper plate 62, and the AC impedance of 
the laminated unit cell 60 was measured at 25 ° C, and the film resistance (Rs) was read from the obtained Cole­
Cole diagram. The measurement conditions for AC impedance are 5 mV AC applied voltage and 10000 Hz to 1 
Hz frequency range. In addition, the above-mentioned single cells are manufactured by using the separators 
sandwiched by the two copper plates 62 as one, two, and three pieces, respectively. Then, the resistance value 
was measured by the AC impedance method, the resistance value of the obtained single cell was plotted against 
the number of separators, and the membrane resistance (Rs) of each separator was obtained by linear 
approximation. 

It can be seen from Table 1 that for samples 1 to 11 where the maximum height difference of the uneven surface 
is 0.2 :'S Ii :'S 1.7, the film resistance is 1.6 nor less, and the film resistance is greatly reduced compared to 
samples 12 to 15. In particular, by making the maximum height difference 0.5 µm :'S Ii :'S 1.5 µm, an extremely 
low film resistance of 1.2 n or less can be achieved. 

□ Test Example 5: High-speed durability test□ 

A lithium secondary battery was constructed using the separator 40 provided with the various porous layers 42 
produced in Test Example 3 above, and its high-speed durability was evaluated. The lithium secondary battery 
is manufactured as follows. 

Li 1.15 Ni 0.33 Mn 0.33 Co 0.33 0 2 powder as a positive electrode active material, acetylene black AB as a 
conductive material, and polyvinylidene fluoride PVdF as a binder in a mass ratio of these materials of 88: 10: 2 
N-methylpyrrolidone (NMP) was mixed to prepare a paste for a positive electrode active material layer. This 
paste for a positive electrode active material layer was applied to both sides of a long sheet-shaped aluminum 
foil (positive electrode current collector 12) in a strip shape and dried, thereby producing a positive electrode 
active material provided on both sides of the positive electrode current collector 12g; 14 ~ cation film 10. The 
coating amount of the paste for the positive electrode active material layer was adjusted so that both sides were 
combined at approximately 17.2 mg/ cm 2 (based on solid content). 

In addition, graphite powder as a negative electrode active material, styrene-butadiene rubber SBR as a binder, 
and carboxymethyl cellulose CMC as a thickener were dispersed in water so that the mass ratio of these 
materials was 98.6: 0. 7: 0.7. Thus, a paste for the negative electrode active material layer is prepared. This 
negative electrode active material layer paste was applied to both sides of a long sheet-shaped copper foil 
(negative electrode current collector 22) to prepare a negative electrode sheet 20 provided with a negative 
electrode active material layer 24 on both sides of the negative electrode current collector 22. The application 
amount of the paste for forming the negative electrode active material layer was adjusted so that the two sides 
were combined at approximately 11.1 mg/ cm 2 (based on solid content). 

Then, the positive electrode sheet 10 and the negative electrode sheet 20 are wound through the two separator 
sheets 40, thereby producing a wound electrode body 80. At this time, the porous layer 42 on the surface of the 
separator and the negative electrode sheet 20 are arranged to face each other. The thus-obtained wound electrode 
body 80 was loaded into the battery container 50 together with the non-aqueous electrolyte (here, a cylindrical 
type of 18650 was used.), And the opening of the battery container 50 was hermetically sealed. As a non­
aqueous electrolyte, a mixed solvent containing ethylene carbonate EC, ethyl methyl carbonate EMC, and 
dimethyl carbonate DMC in a volume ratio of 3: 4: 3 containing a supporting electrolyte LiPF at a concentration 
of about 1 mol / liter 6 of non-aqueous electrolyte. In this way, the lithium secondary battery 100 is assembled. 
Then, an initial charge-discharge treatment (adjustment) was performed by a commonly used method to obtain a 
lithium secondary battery for evaluation. 

The lithium secondary battery obtained in the above manner was subjected to a charge-discharge mode in which 
CC discharge at 20C was repeated for 10 seconds, and a charge-discharge cycle test was performed. 
Specifically, in a room temperature (approximately 25 ° C) environment, CC discharge was performed at 20C 
for 10 seconds, and after stopping for 5 seconds, a charge and discharge cycle of CC charging at SC for 40 
seconds was continuously repeated 10,000 times. 

Then, the resistance increase rate was calculated from the IV resistance before the charge-discharge cycle test 
(the initial resistance of the lithium ion battery) and the IV resistance after the charge-discharge cycle test. Here, 
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the IV resistance before and after the charge-discharge cycle was calculated based on the voltage drop after 
discharge for 10 seconds when the pulse discharge was performed at 25 ° C and 30C. The resistance increase 
rate(%) is obtained by [(IV resistance after charge-discharge cycle test-IV resistance before charge-discharge 
cycle test)/ IV resistance before charge-discharge cycle test] x 100. The results are shown in Table 1. 

It can be seen from Table 1 that the samples 12 and 13 whose maximum height difference of the uneven surface 
is less than 0.2 have an increase rate of resistance exceeding 200%. In addition, the resistance increase rate of 
samples 14, 15 where the maximum height difference of the uneven surface exceeds 1.7 also exceeds 200%. On 
the other hand, the batteries of samples 1 to 11 with a maximum unevenness of 0.2:<::;6:<::;l. 7 on the uneven surface 
hardly increased even after 10,000 high-speed charge-discharge cycles were repeated, and the resistance 
increase rate was as low as 15% or less value. In particular, by making the maximum height difference 0.5 µm 
□ 6 □ 1.5 µm, an extremely low resistance increase rate of 6% or less can be achieved. From this result, it was 
confirmed that by making the maximum height difference of the uneven surface 0.2:<::;6:<::;l.7 (preferably 0.5 
m:<::;6:<::;1.5 m), the durability of the lithium secondary battery against high-speed charge and discharge can be 
improved. 

□ Test Example 6: Internal short circuit test of foreign matter□ 

A lithium secondary battery was produced in the same manner as in Test Example 5 above, and a foreign matter 
internal short-circuit test was performed. The internal short circuit test for foreign objects was conducted in 
accordance with JISC8714 using L-shaped nickel-made small pieces having a height of 0.2 mm x a width of 0.1 
mm and 1 mm on each side. Also, investigate whether there are abnormally smoked NG products. The results 
are shown in Table 1. Here, no smoke is indicated as o, and no smoke is indicated as x. 

As shown in Table 1, samples 1 to 11 with a maximum height difference of the uneven surface of 0.2 :'S 6 :'S 1.7 
have no batteries that cause abnormal smoke, and can be confirmed as batteries with excellent safety. 

The present invention has been described above through preferred embodiments, but such description is not a 
limiting matter, and of course various changes can be made. 

For example, in the above-mentioned embodiment, the case where the porous layer 42 is formed on the surface 
of the separator 40 opposed to the negative electrode sheet 20 is shown, but it is not limited to this, and may also 
be formed on the surface of the separator opposed to the positive electrode sheet (Or on both sides of the 
separator). 

In addition, as long as the structure is adopted in which the porous layer having the uneven surface satisfying the 
preferred maximum height difference 6 value disclosed herein is provided on the surface of the separator, the 
shape of the constructed lithium secondary battery ( The shape and size are not particularly limited. The outer 
package may be a sheet type composed of a laminate film or the like, and the battery case may be a cylindrical 
or rectangular parallelepiped battery, or a small button shape. 

In addition, any of the lithium secondary batteries 100 disclosed herein has performance suitable for batteries 
mounted on vehicles (for example, high output can be obtained), and in particular, has good durability against 
high-speed charge and discharge. Therefore, according to the present invention, as shown in FIG. 6, a vehicle 1 
having any of the lithium secondary batteries 100 disclosed herein can be provided. In particular, it is possible to 
provide a vehicle 1 (for example, an automobile) having the lithium secondary battery 100 as a power source 
(typically, a power source of a hybrid vehicle or an electric vehicle). 

In addition, as a preferred use object of the technology disclosed herein, lithium that can be used under a charge­
discharge cycle including high-speed discharge including 50A or more (for example, 50A to 250A) and more 
than l00A (for example, lO0A to 200A) can be cited. Secondary battery 100; a large-capacity type with a 
theoretical capacity of 1 Ah or more (and further 3 Ah or more) and is thought to be a charge-discharge cycle 
capable of high-speed discharge including lOC or more (eg, lOC to SOC) and then 20C or more (eg, 20C to 40C) 
Lithium secondary batteries used below. 

Industrial availability 

According to the structure of the present invention, it is possible to provide a non-aqueous electrolyte secondary 
battery with improved durability against high-speed charge and discharge. 
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CN102939675A Non-aqueous electrolyte secondary battery 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

l.A non-aqueous electrolyte secondary battery is a non-aqueous electrolyte secondary battery having an 
electrode body, the electrode body is formed by superposing a positive electrode sheet and a negative electrode 
sheet through a separator, 

A porous layer is formed on the surface of at least one side of the separator, the porous layer has an inorganic 
filler and a binder, 

The surface of the porous layer has irregularities, and the maximum height difference of the irregular surface is 
0.2 µm to 1. 7 µm. 

2.The non-aqueous electrolyte secondary battery according to claim 1, wherein the porous layer has particles 
formed of an inorganic metal compound as the inorganic filler, 

In the particle size distribution of the metal compound particles, the cumulative 90% particle size D90 is 4 µm 
or less. 

3. The non-aqueous electrolyte secondary battery according to claim 2, wherein in the particle size distribution of 
the metal compound particles, a cumulative particle diameter Dl0 of 10% is 0.2 m or more. 

4. The non-aqueous electrolyte secondary battery according to claim 2 or 3, wherein the metal compound 
particles are alumina or alumina hydrate. 

5.The non-aqueous electrolyte secondary battery according to any one of claims 1 to 4, wherein the content of 
the binder in the porous layer is 100% by mass as the solid content contained in the porous layer %, It is 1. 5% 
by mass to 3% by mass. 

6.The non-aqueous electrolyte secondary battery according to any one of claims 1 to 5, wherein the porous layer 
is formed on a surface of the separator opposite to the negative electrode sheet, and the uneven surface of the 
porous layer is at least The negative electrode active material layer containing the negative electrode active 
material on the negative electrode sheet is formed at a position opposed to the negative electrode active material 
layer. 

7.A vehicle equipped with the non-aqueous electrolyte secondary battery according to any one of claims 1 to 6. 
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1/1 i_j'.( 

1. ----·N1-1i'/l<: 1tJriJHU .. ;,X rg;'.tl1,, Ji JFH 1u:r»1ltYrfr.7}( 1[!J\JJ!'.ifi ... /J:. 1hit!!, Nri£rttI-t f-:4';:M 1E 

m~#~ffi#*ili~-~M◊W~~. 
/E Wd£1Wi t1i1 Jt 1'it1 :ri 1.1> ----• 19W r'1<1 tt@ J: .!f:5,t.N: +r ¥ JL rn , wr-J:-t t {L12 Jfn r: ~L:J-Jon 0tu Hr Nd\' 

Wrlt 1:- fUZ (lt:kifl}f:;r&l11h'~I' ~¾Jl1
] 11

1
1 II[If'J'.Jif~.J:.: thflf)LY-J 0. 2 µ rn~l. 7 ~l !JI" 

2. HU@•t(.flj Wl .Jt 1 Nr 1£ 1'1~1 II': Jj( fg (§11'. H}~. : {'./( t(i ?'!!!. . Wi ifs$ {Ui, ft, 'J;_i Hr :i£}i::ML1¥t ft: 1fl1 Jl 
:ff it J:JiL 1ttH1Ht·n-4m tf; r&: r:rJ tt~ f , 

tEf~JrJ£:jtJit~ftftA0J1)'.r f[}Jt.lift£J}{ff 1J1 , .W'.:fH 90(fiJ!YJtit.H: D90 :'f;J 4 i. m [:,l F, 
3. Wi/!i}x;-F1j 'Bf)f.:: 2 lYf i£ (i(1 'll' ;k 11!/lFPri : ;j{ 1g?!l!,' 1:0Yd& twi ft{;-!/1,!Jli'[ f ((Jt1Lrt:Ut {11 

r{i, tt:fl l 0% f]{Jtf.1i~ fHO YJ 0.211 m ~;_ L 
4. tfHtHx-lU i:Jlf .-f: 2 1r1Z 3 /5JrM~ 1'r0 'if=k 1tI.mq. Ht: :.t,( 1n;,tt., wr j£ 1rt .1~Ht tHMtH".:.1,.11n1tw1i& 

'lt i-t Wl ;}( ·friw.l G 

5. mmtH1J 'RHZ 1 "4 ftJfE- ·J1~}9i·l:f t11°H:/J(rg~?~i& ·.{X ~11;:~!., Wrl£${L/2· 1t111·1flifi'Jf1J1't 
H t:tWu, (Ei0 -~~J;JLi?llll rfi H1r12:!i i\' fiJ !?~ f*r& frttl:ff :'/J 100 )!11 m: % □-t, Ji 1. 5 j]Jtt (l() ~-. 3 }Jt 

6, :tl1iAil t./;f1J 1Jf JR 1·'5 f:l\lff -;iJtflFr5£rlJ 11"-;r}:.ffiftJ{?l. •. 1,~1ti,ht,, fi!r:l&tfLJ'f.{EPlfJ&l1i%}~J¾" 
fiJ J:j Yi m )"i' tf .:H tfJ ti tfi J:)l; JiX, ~f< };; JL f.¥1 ffJ (?I [11

~ tfa .?ti ~Y' i'E f"j ~'tfi\ m. )\' L tfJ ·'l!l. It fh t!i h~·tttM 
M~~mmtt~Mhlffl~~~~~M~. 

, . ----·ftf 1fWri, }?:tii TtZllJWl At 1·•-Ei fr~fE····· JrJ!Wr Jf l~<J ,j["/J-: rli~¥~i : ;;~ rg;:ct+_~,, 
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~*tm±t 
E 0001 J * }i f1Jj tv }i 11:: xk in fiJ/jl - • ;x in itl~, \N fm Jfu iSl . ;W .& inH Ni; lfil ft ttz rg rfJ inH /A ft t.r{ A\ I 
r'l{J j[';i( 1t!.ft1~Ii{5t._: :.{'./~ 1t!,fti!. o 

~JHi* 
[0002J lJI:tF, 1~ /fti f ruW~, ttfa1 !:l}Hti,IJ /zJt:f!hffJ-H::,;j\ rt!J#Ht _iJ: 1fi i'lh, 1'f:: J1 Vfl.ifHit#&:HJ !:J:!, 

iw11>t 1~ _A_ ttJ.Hfo lJiitt iJJ ttt-tkl rt1 Etl. vi¥, flt'JJtt _;F i:1rtn ;% ,. )Ut, ¥IJR, tre.11tM t1J 1n; ttt Itf ,t (1t1 mi ?l~ 

f 1ti,im, Wifi,Jt; fJ/3f~•11
\ Y,J !f$1t~ftr!&fflNftfl'1 LU rgrJrX-ftHJ" t1::x!l1/it1Jilf!i f 1tflk11':J· ·-t-tl-{it?fi{Jf/r 

}tJ ,f1 , ~ill. 11-~ T tr iE t!Q ;.fl! flt Htz.. rn it .le~ ' )l fl{ .tlt51Hffo ru l) ltilJ.. i[l' !l: }J 1) im Fl~ f rt Wtt-Ttl )t (J(J 
1w frttAt, 411:y1p;t ~-+u .tiw~ 1" 

[0003] l1fffftt.t: :tilt}{ 
[ 0004 J fy· .f1J.t1flk 
[ooo5J !J-:+tit1uk t; H.i;:t;·fu1t,JW·t~ 2002 - 008730 1}-}~JfI 

6t~J'JPH~ 
[0006] [EJ.0:l:, rr:rnt-{i1f !:Uilhf'J':JJ+ji:f ,j 1 , 11'}:'t!J T ·:fi11)}]·j£, lWi'ELi :~j}l-h'Nf3llJ'l.lfi ( f!J.1.;~h'l. 

lfi l !'l'J tK i& Fill H HYfl ,, {'j:: /J !f t~s 1'/1:zJJ )J i.fa!iiii' Ml tun (:O trn fii r[i ;>ru ( f'ilj ~rl , 1M& i'E f-'f /J i;I_J 

J;i!iJiiiiY:J--r:Hf lml/ili T rh$t!~:fllfal ff~ t~ttrL 11}f1<1 L f't: Hil:1\l l.: [i¥J fi<J ltfth/iJ )J iJJ'JiPi<Jiit {';-i;iJ )J /f ''iWJ Lti½ 
?I! 1'?.~ f 1tht) , X1ir.t:;tttfixi1t:)' (j'.J ft HJ :!J~:J~ (fltW liS f rliill!.t~(_J ft W.f:!i1J ,, {fl.}¾, L~ };11 (n J&, [,t1tt1(; • 

W:irYJ ~ff. 1't!i f rhilt., x,:r f fl£ji ftl"!i.. 1rr fn'l Jf. -&Jt~ /J\ #'>ti% l'll lftl;f X tt-:. ff!. {E.t~ U:t!ttY 1i~1ltlt£ 1t!. rrJ Jr, 
Ji',( ilittti:\·F, '#Mi) l;~'l':lt1~%ft ( rhiili rglitl(lt Lfl-'!/})" 
[0001J tE v:f1J ~trw,: 1 +1• i2,tx T - -;ftl1:fx .;f:, (:Eppti lU )t 11'1¥¥t Lm.1itrn f1\?f.¥ 1ntifH:tft1 20 

fhi:::l{U, Fr}{JfWH~, rtllt, %~tl-1E{h.fizi'ii] ({] fg{~~i;,&+J.t, :Jl rtllt~1J.[:fJJ- 1'tl.i'!hliJh:f.:tl1zlJtl:, ff!Jl, :tr 
i~tJi:;Kr[1 , Wi ff ftlt·\1tt!icf1~: 1u;m1lJ JJY. rg '?'f W:, H1,J~)t:J:m,tf1lii1 ix 1.i: i~t!;it!tz. ru CW~ ¼rl, A.lf~WJ:Z)J _)) 

~m~~~+~~~~m~*~*~~~~m~>~k~~m~~~~n. 
[ ooos J -* 'ii qrJ Ji '.if r JJ:£ friJ @&l\ ,ft, H\ fi(J ?I. riJJ , Jt J:_ 11 n ((J (E r-t(t 11t • • H1 fi's1tt4tl Mj 1rrJ.I i?i-J'.£ 
1c:1:& 1t11't111rr1 )-..tt M1:_i!0A, 1t1Jiwi1':JZ.•••-:.;x ~t mi" 
[0009 J * fJ1 itt"f1<J ?i 11n rf-tJrmi r LJ r·1w (.1/r .. ; ti:H :u iEtI:tfn _h Ft 1r rJ.1 µMJtt; _11· Htfi' 1iiIHx1n 1u :t:J.z 

H; ffJ :~ l~ ;J( EU.ftl¥ h~:- : ;5;: I[ itl! ,1 1 ' )Ii ii tt & m: i!t li /E if.~~~j i)J )J rlfi{Jtj [j{J :j ~; Ac 1[#.fr.iFZ •. IJ: ru fill rt1 }'.i)r 

m~m~~~~tt~~~~,~~™~~~m~~~~kn.w&.~~#W~~M~J~ 

N?iJ.'.£fthi ru 1\:1 fi :Qk('H', . .'J( ffi{/[i} Hf •ix llJ}tlIJ'.J<J It;;r11tJ , 
[0010J il:f\11 :WlY:J, tiHt(Eli Kifr1Y 1i11.1ili JtJ'i~ in t'tJ '1f:A, 1[!1\WH:i•:::: ;,,,( 1[!1!h rJ,, lE 1t Hz i*!lt iE 
:fft t.JH1iJ11: ?-,trJ W;J(11!.tr/'.iff(:Y:J tf:1.ftJ?HfM:~ff{KffJ'l'lII~{. Vi V¥0i11l1:ili i5t, l\l t&ifilfEJli. rg, {E fgtJz f;f_;(f'.:f 

IE Jt {Ii 1'1'.ij Ht)\ IJ),:1f'._;j'( 1[!fr'f.;'f~(:1tf· 'm;:1}1PJ1:;} '.tij 1l!Hzr(J :Jf,m1, iI:iht& fi:J !Jt 1l!fil{'.)f:tM f fW:l)Hlf f 
,t';,·;~ m: ( l1P1xft1htr'llH1'.f/i1t:l), 
[0011] l?it;ll {f JE fi-l Fi f~1] '11.. 1t rt!, ~W?{f-ti!'!M, mrJ !il T Jtht11!.HJ iE fhHir½ (J(J 1:g~W-Hlfft ;FlJL. 

') ,, 
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Wr t:J,, -fi:Y,J tll~iP..tH,~ [i<:!iW:itrcJlz t{J'l"'tfcf[S;~tt-m~' )j >'~, rt1 F 1[1/1P..E(J{~dfi'l1:{r t[1Wi'.if}:Jfit11{·Lt !iJ 
illH} ( Hll if 0"t:t& 1:1,;J tl'.J 1lHWHJl~iV/-MH+), IJ:J1tt1~:ilt J i:fd)TS-:,H1YJ;i-L 3z,AtdtM{&l&.1:itJ:1 {tt:7J;;. 

~M~=&~~M~~~~~~~~ft~tt~~C~~~ffi~*)~l~&~" 
[0012] ·*.V: rjj {&Ji f J.it ?t.Ill, .iil J1W4 [lhtn!Zf:&1:r! J:it ff: fl\ t&IHJ !)~ 1gf@!it ,1f ;F.fi~ (]{Jik 
{;':, * fit'ir: 7J< lflfu~';>f~.: ~?5<.:: r\iill'..llu1Nf .iill ftlJY:. rg tm J;f l~)ilu1 ), Yt ti ;ff fl) 11 rm,. 
[0013] HP. Ft! *Yi f[fl :tt} {Jt t'(J '1f:* lt!,J§/j'. H~- : It!, ?!TI J& Hff ft!, t~ ft ill ,1(: ;}( ruf1W i& :. 15': ru illi, 
~~w~~~fil~~~w~-*~~m~~*w~~.~t~~m~~£&-~~~~%~ 

1r ¥ 1uz, t¾ ¥ tLUI n. n }cAlh~ft:nu ;frr Wi-f;- niJ , LJ£ t fL!Z t'tJ tt tm ff. 1& rt1111 11, t¾w1 ?1 ilU ri0Ek 
}<()Jfri)[t/J 0. 2 J.l m~ l. 7 ~' m,. 

[0014 J +cuF; * 1.t 191 (it1 .• tt1 ft. tr: 1% ti~ JI' ~t1 ;f ".:l> ----· 1w~ MJ :t;. mi L ;}ff,& rr -t -fUif, JL it~ -t-fUB rr1 
·«rnti}bh~J111 r'll, lrr tJ. f?t~-t{E ili:!:' 1] t, mH~H.f :A.:lil!YJ:F'zJ< inft'f'.ifU" [:f.:IJH~, H1111!P~1 iWiiiliff,}ji.( ruW,­
Jli1: i:EFlf& l~!fz_)\,_((J 'l!'Jl( rt!,t/1Ii{Xl'flJ· --mt+#~Hfflj tE fftm CfJ :>'~-lW, ill. Ht~tjJ1J~ttkt4JI~!] 11 1

1 WffWr 
iltH~}' t1<1 ,H: * 1li.!\r¥Wi 1t1J ff: f'L :f& r½ fJtifr, JA ml {t if :O't Hi ~1 t'tJ rg (N Hk M:lliJ£Jlli'!:l ~ ., rli Jlt, 11gtJt, WJ 
ilfiHJi}Jl;fn i% :ut fc}ii lli -tr ii [f! if.»'l tJz r½ f]fj rhfir~-Nn: /t , f:?~. 19$ N!1lij{ 1th1t ru {flJ:E,F ff J 1lf;J 7-.. ti: fn, i% " 
[0015] 1i't:liJfu, J.~11l! ?i tm (:(!lw;k: iff-j{lt)t.'!J 0. 2 ~l m'l. 7 r Ille :wr11 1 t1 mi~(JJtk):;:ifti[~)titt r 
0. 2 P m, Y!U [LIi fril Wi" (tr fa~ i& J,.~ mo: IW: fr~, •fr.([.J~~IJ'Jcflj LlttJHr !YJ {.i~ ;q; 1fiH /J·-.. -r:tHi1 m; }y_ Wl l'i~tNtlt CT 

Y1 i~, ¾1' flll f1 tni f1(1*}:: rt[{((, }tmi·+ 1. 11, rn, f.i[1J iT. fti mr1~J rlJ rgJWRU ,m:1'1iJ 'V1lrMitTNi, r{!,itl.~fi.1,;z 

::ftf'J l~HJ ,:,J" [\I li--t.. & Wtf W n frr~ ff: 1lti1 :7, ti: ~;'f fr£ f@f riu ,. 
[0016 J {Eit Ht ·I~ :n ffJ • ·i"' tt :U:t (tr }S st '11 , t. :iJ} •'¥ fL /!H , YJ t. Hl }i:Ah:lfa fti ffU H N 1J1 Jr; {;JL 

~~R*~%~~~f.«t~~~~*~~f~~~~~(~~~mJ~.~~l~~~ 

H: THO /J 0. 2 µ rn l:JL., fffo:%ti-L1t4PJliLT·!'J~J1f{H 10% !'r0tHl l)H) tl/J,, Vliht1 flfil:iihd:f:lJ-, 
ff.I iill lj\ l'f~ .iit Hf! ftft 4:~'.J<i'.i_ f fl{] Jf( {r Jf~ }~X :f,; .fL rn . m L1 . i"t ,/,¥f\ ft fr t0 t(i_ f fti] ffj i}; -ft fs] , $ fUZ Iii 
llH!J, -t'.t IW,-ftf O tt]1}t' izJIJff fofi M,XfilftliY: 1t0.Rff ((J tfi{Ii1,t:fr'.J ij\1;HKW:(ttf¥Wr/''. ~t fr'.JfFJJ JFf' \l 1l rr1l ml 
WMffl~.#~±~ffl~t.iliWU~M~@~ttm~~*~M~. 
[oonJ Y15'~, fJUz\Jili. 1:EJ:.J£fit.liiHtfi-\fkJ:j;J:tT rt0ttr~ 5-Hti ( M~fUU1t) rt,, .kKH! 90W, fJ!J'#1i' 
ftW0~4µm~~. ~~N~W~~N~~~~~n•*~~~QfrW~T~***~ 
t-fUZ , YliJ fit r1E ft {flm fl[ f f11J (Mt*)] 1!tl, :f.; fU2 (1{]ifi:J '.\ tHlt- • rt tltr.W ' Ii] Jlt. H[J ff :'}l: JSU {¥ 

~~~k~~illfi~~~~~~~~~mr±~llih.~~OO&~~ffl~.~~~~~~ 

~~t~~~~~~~~ttm~~*-
[001sJ t:Eil!R :,~ H t'tJ----· ·-tVtlili fr) /J":i.'( ,1 1, J:i£ &tJrrt -ft frtht1'! r )1 M it w~ u~N:t-it w11K fr 
4:21 ,, rt! fJ_gf~:f1t!iit 1t{;--:}t.ut;) f fj'.Jfo/-: l:(i01YQ i'tt' /Jr tJ . .JA:.fiJJll ifHi) f :)f fax(l{J ctfL}l fl~r@~ t\ttln: 
Mi :tk li A[r t~~ ::It Jt ·f}tm;. 
[0019] {E:iL 1R1> }f fl~J • lttis (fJ )J:rt !] 1 ' Jj£ t fl.IT/ !] 1 f"(J:Wi 0--:ffUftiT tt Wu, (:1_:;j}J iJ:¥ {L 
JiJUY 1!1 WrH ff r1~1trnHq&-5t.H ( !Yt}l~Jlli;,~k-NL:lJff:hiJ. Wi h}r1J,fnJtfilirl~J :tfUlJf;J&r& ·,} ( t;,1J 

~HtfHli1tlJ) fj)friHR) {l,J-1 JOO Jf(lR % HJ, 'JJ l. iJ Xtfltt '.CJ Nim:%,, rtDL tft",~t1rMJt!:rl1H11] 

t1 tm ri1 JitI:. ;n; ill; t:n rM tut:JR 2-i JF r't1 Otix ri1 m: rm rg ,, 
[0020] i'Ei&" Ht zdF !lJ·---··-t1tJ2\l~l9 hi( 111 , J:M~ J;JLFA }TfJ&{EJJ&l~¾.li~J\' l'i<J Lj D'.ttli)\'tnx~­
t'i~ ::& mi. it t fLJ!X f°{<J IJJ] / 11 i'.W 3:\j.> fff ,1&:(E IJ i$. :fl\ t~J\· MJ ti :1- f;'.1,t&i{i Yt:tftl )]t ff] ff\;,m i'i\tttm g1.)J~ 
:l)j .x,j l1''0 i~J!L L ,. i'A FiJ\ fJ~ H ·;;~ !.h W~%tt:APJ J!fi: (tJ fh tTJ 1}1 /Uta ;Ji Ul , ?:1 M /i 1tJJ;J Nf1iliff/Ji rg Fir 

4 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 61 of 297

'.}/12 i_j'.( 

~~~M*~~. ~ft.~%nm~~8®%~A½¼mMtt~~mffl~~&~t~nn 
mo 

[0021] l~Jll-2~:!FliJfE -:,M• 01t/J< rt!,{{;Jr'iff :.)'.7( Rt!,f!t, HH 1J1\ 'h+i'.htQ{E!fff11~ LliJ 1l1,~'ttHJJill:fJ<J 
tt fit ( Wt! ~fl Mt 15t f1 :ii!J i\'ti 411~ /Jl ) . :JtJt !l- ff iij] !\\ti ifil ft Ml rg [1<J fl l1f mH :1J, tt " l\l llt, tR i\il .{,: _'Jfz rJi . 
tm~W!I{{Jt.H-1lf i£IH 1~}ltftlft· ·_;f,f1 -1f, If( r[!1\Vr11~ : i)~ tUitl! en tr-:fri, itJt J&:, f1ttt>1J.i1:ftt· ·:M11f~1~l 
( Wu ~rl/( 'l-) 'Jt:J:t. n if-1!'/K ltl,1{,f H~ :.{X rct!}frl:fr: ');;zJJ)) ;Jrr{ ( JJ~ IWJlil, ihl frijJ)) ff-l1X ltl,i:gJ !f i'/J 
dJ}JiWi)" 

~~] ~~~fil0H~ll#~~~~mfflM#~*~·~fil~~~«~*5MP~(m 
YU 50A "'250A) Jlhlff 100A lj t ( W!Jfm lOOA "'200A) WJ 1%.ffil.WunntJfcJ'fY.: 1tumn Fti:lfHJ'.JW!f( t{! 
1Mt1\t)trl!}tk :HtdfrfLIJtJ'i.1 !Ah U, t CilliiW 3Ah PL) tl1Jk:'.ffitPWJUftttU&.fj§~JH'EU,-t; 10c 
UL ( WIHn l0C --- 50Cl illii'll 20c t.tt ( Wuiw 20C"40C) !VJiWiithrrtr{JJU6!_1f!1@JFH:t.lU(f'.J 

"i \:: ;t:: fli ~if 111 ••••~ tk rg itk 1i} ., 

[)f100inaJJ 
~~J ~l½*~~~~~tt~~--~~~h~~fi=~~~~~~OO. 
[ 0024 J lll 2 JJU'il 1 1'!'0 TT - rr t& ff!! t1t [fL. 
~~J 003~~~~***~~~-~~~h~~fi~&~~~~m~~~. 

~~J 004~~~*~~~-~~~E~~~=~~~~+~®*~~kM~OO. 

[00211 rii ,1 JLrn r-i;~1vJ- ·t·htiittWutY:1r1f 1n1mff1Mtl1th;·;_~1i1 ltJ" 
~~J ~6M*~~U~R~*~~~ ~~~h~~e=~~~~¼ft~~~~" 

~1t~iw_jj"'it'_. 
[ 0020 J U F. Ia !,;:c Jf{ ~H f:}J , ib. i½~ IJJj ;,j-( Yi tUJ trJ :§; ftitr i-y ii'.: " {E ~~, F i'f'.J ~H lll r+-1 • J~- ~5:UY ,HJ P1 ff JH 
ttJ;4t-N~ rn,;{1'[,t;J~tt HJ Vil 1~1f1j; i?Hiff i5?. :in o Jl:t:~1!·, * ril rt1 !J'bF~ J::X:~1 ( l(,r,t, ·trtt, fX/iiq,-;,;) Ji= 
-f Li~!i['.;tPilYJ.F!. ,t }tl~ ,, 5} )1!', ;{ij r * U2 rtfj IS rt 1W} )jlj il{Jiljfj{J tfiJlJt ~J 7\·ffJXf{Si;j' {tn.·l!R:·.!:t.{{j; 

h"ili-* iz iifi a-t JYY ,g, :;fil ffJ 'MJU{ ( M ~r1 . n- :JJ tE Fi P z:z Ni Hz r~~J 111 ti f¥ r~~J ti~ ilk k:~ /k iM IL . r~% titi· J\· n~ 
rtlfflf)tt t'fJ Y~ :rili: ~ /Jc i111JU:, if, 7}( rlJ. fflt? Rt -_ 1X. rg rt!!. ~..l _& J-1; 11±1, ((J rtl Ilh ~fJ VJJJ'.U\1r ;:it /Jc lftl · _mt rn tt ,K 

'itf ) . 0111 tmr~ /;t: r b: @t t1£ riJ rm fH·::t it, fr"- J,1 * ttfl-11x 12 >f Au~ fiJ r.i i r- gff-J11U:tf: n 1~.\ !ff~" 
r 0030 J n-+ xi r~ JllJYitN i.;1 r;~ j£ , ff!_ tJ F u *1 JJ}Mt fti ,u. m 1¥ c ¥H1t 11J t~ 1¥ > :t11 ,11, /Kit f.1¥ H1i 
J;t)\.Pmi;%.·:~~fl\JYtcIB~ rji fj{J ft;Jj[j~ jf::;-t~ Efl!Jili[EtW.•••:.;1; rni&!. ( rf! ~l f Fflitt) IJ f,ij x,t ¥'.Ii. tlJ]ifri-i; il: 
§'.if[ tili i}i lfJ ,, 
[0031] :ltr-4;::it fJ1 IYJ '!"')~ .um: f'Li~!'tt4H\ ~IT 1{!Iili.fl¢J:}f}JJlli-.:{.JJ;U:i::$bi: {E [:lfJ I r! 1 '·' de:: ~H fi\ TI[ 

N~ 100 Jt1fCJf.j;:lJlii, ll0l0X~4K(l~J1Em}t 10 ;f-I1[(:>f;::IJ~frJil\NzJ\- 20 frrt1K:?fi}~1'{~~1\Jjl&\}\ 40 

1m¥fAlt!'11:rrJh!'r~ th-l&f* ( ¥ttA~1tt&H; >so. 11 rt:i 1t1 1u1~ th 1/1 ,wA,tt11Mr?:x······i~. tr:tl~AHtwt1~ 
tIJJ ii,;,, .cg: i:11'. rt!. tli-i* 80 l)fJ JfA.K ( lHl trtitH ) 1)frfrm1- t)0 r:p " 

[0032] '#,i~ 50 .Hlf : J_f'(MJFhtfr)ffJi;([l-il]f;f}'tkrfJ'#r::~J~{f; s2,Jn J-N m Jl JF- ll mr(:J<J !ii{,t; 
54 G Yt,}1¥01&,4}* 50 ffrHJiJi' 1tili1{Ufi 1h~3~W~ ·, fr.)'. Ni !'i<J SFS ";fr; tl:J :tit,'i'*-H,fl- ( /lJ~}jig)J;r:tr]i /J 
t®'. Ni r1~ sus) ,. j&n-, i£ Vi u.10 rt PPs,1t'2!1/t 1ndr&:1Mnfl'~Jttb¥kHlriM:w111x 1t1m1h~1·ib'frwi} s(L i'E 
~f~ so rY0J:.:'fdm c r!P thii* s4) J:., Ytfr 1rJtf:t)21{!..ffHt.: so thilJ~ 10 itJiJttrJ~iI:tW1fMf 10, 

fi 
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4,/12 i_j'.( 

tr l+ #It 50 rlJ F )t nn t , l'.Xff Lj .VJ: tit fti t& il so (1½ fh :m 20 1u ii Hr rJ{J fti .tii ftM r 12 ( ~t;.: '.ft~ Hfil/f l't 
1!1 it'#~* 1$: 52 AtfEo ) " lEW,~M: 50 fr) !J;J m~. :fi2H€: 1:lim<:t 80 Hi !i:l +1 A'2•;f;tb t}'.J '1t,7J(ili,ierrHll 
-;g~ ffU,tf/1,, 

[0033] ·*'ti~=h'fil)Yi't!)1J{ft,;'t1{1 ffHt: 80' ?i~YD:tt fr'.J!'.1% l~tU\ ~ 0 1'1<111~11 u 9\·. Jq jfil 'ii~' [jJ fH ~Ff- 1[! 

htfl~ :uF"ff2 rti,{Q·i*frl l1 iJ, i~n lll :1 Wr if, (:1::N.¥f Mt rg Ht H~ so JJtfirt1"ttrtJ rJff llfr¥N, H ff l( '*-'l:f~ ( Hr 
-ik ) IYJ} Ht .VJ o 

[0034] iEtlU\· 10 H:.fcf{El<:~Jci·:JR:tY:J?tflK(:fJiII&tl~lif+: 12 rtJ}J:fWiftlJ,;}'tft:L frlEHiK1i't'.t:1i1 
rm (Jfj tF +& fi\~· t't 101 }\JI n: I 4 1'() ft fl0 ,, 1~ :U:, tE t& $/; tt 10 }[fl: )E 14 ;y: {f µ{t ;ff ([i{J iE f.¼: }\' lo tf-J ?}~ .r.tt 
/j j1\i IYJ ftr,\i ihJiL 1q1 fn----- J!J}fefz ( Viti 1+1 .'/J F lt/lj (J(J X-!J. i:)&'. ff{; Jt ) t. ' ffff ti H~1E fKAf1 fg 1·* 12 u, J.E rfJ l~ 
l'!f.ilifttb ,Jfihll1E~01\tn.f:0Jtn!!D ji:Wt&tW,, 
[0035J :fh,mH 20 H! 1J iEFU\· 1 o r;tJt1~Jfu, JtfftE K:1t(J\":JJ!'nhW-tJ~tl~JfitHkitrtJ ·f* 22 fr'.J/fJifi 
f:½H'l{fHft5\.t,&i~\fiJ~.Jllitl(J ffttJkiidHkl Wltt 24 r!JNJF~,, ~Fd:, 1J\t¼ ,\\tt4MJJ1t( 2,1 I1tfnH 
%:;(EKrf:ht&)t 20 [l1\t/l}iii\Jf'J¢JX-Mj;!Jfitf;J:1frj- ·:1)1t% ( t¥:1 1l 1Y-.;J:-fm1J[j<J.illt&fH~'l}) J: .. ffW½?.H!fh 
t&J$t 111 H~ 22 LJ :;t: lI(J :t£ FSt;t%"H\, }l;J&:fht&li'i'tt1PJNUZ,lfcff~n\t:rn; o 

[0036] (t:ijjljfr:1f:f5~1!l.{&f¥ 80 IN, UII f1fl 3 }Yfij~, lEHi)\' 10;f111J\,tJ.i)i 20 fr- rt1IW1i!\ Jl· 40 fi!:ilo 
;lt rH , ~:,t 'fittE f& .I\ I o r"t0 JE)J!: ii\ tt ~"o/J !Rt tf :j i0 iF i& A~ :1 rill fa Ni )t 20 !'tr 9t t& ili tt !ttJ Jill J!J( 1 f, :If: ril 
m~Yr)t}\uA\fi1%N¾J\" 40 r'1{J·wu!¾'.J11;,1 r'f:Jp:qf!!l1JN•LH t10JJ:i't, N!iE-litJ\ 10 :Wft.tJVt 20 t:t:t:uth rr1J 

urn Ht H JR {t ,, .iFfl.d:J,J:ii,:.:F(, NI* !YJ J:t,@'.ft.il1:1i¥f:"f)~. Wttfeil.t iliiJfl,,'&#5~ tl!bi f,t 80,, 

[0037] {E¥f:t~ rut&H; 80 t'(J Yiff2W1 h ifiJ t1t1 1Ji :r.l~Ml>'t, fff n\t:N 'ttMe;~:rn;.5} 82 ( l![J iENt)t 1 o 
11tiEt&iattttJJI/tf.Q 14,1Jt.HzJ\' 20 1})-D\t&r!1'!1tt0UiJ2 24 :f1Jf~%ftt1J\' 40 '1-?:'£L'.rilf:i{J/li;ft),, 51 
'..~ 1- . fE & min ·t& H; 80 1't0 :Y0-tktrt1 )f r1"J r1~ ili Mitri, :i1: t& n 1 o ~;, li 1)1 wi .11 2 o !'i<1 rt t& ;\l~- ·(lJM .Jm }A 

,1l"Jbhxmi1}1}1}1JJAu:t1t,t:mi1} 82 ft:t11;01;1,)1 ,, l1::i¼1EVJtm:JH1 w rm1i1 < ii111rt1~M·Httt1 i}fi!2 14 

(:(rH:}f;J:ix)ffS7}- )84 ~iZi{h.t~ii!UHl/J1lW:1} ( t!llYt!:Tt\\-tl:4P.!JtfU!Z 24 ffJ.lf'.}f;_fi\.tmVir )86 J:, ;}S~U 
pfJr:lffi[t\FW✓J'.}irJT 74 L2J,&ffit&iJ!f::Ol~f 76, Jf:5}!&U JJ:LtYJiEm}~Af f 70 ~J.,SlfhHH;Mf 
72 ( :l.3:Hl di fg~ J: H~ 52 Jk{L. l ftU!Ht ,. 
[oo3sJ ft;r,Y; ~?\ ¥fi"f5~ 111.t& f* 80 (1<J.PJr,.l(~JK. f§~t T ~%ii~ J\- ,w ~). P~, iiT u 10 k:ltt (1½-r:H l1S f 1[lft!1. 

n~ttf:N 11i . .f&Hq1urr. tz:Hi"H)11J w rM 0 Wl]/!11, iTJ&n 10 t1t-,\1tifilH 1t1HU'fzi.k:frl1rt&1.t 11i I* 12 J. 
MfLl8~7~~fliE~mttWM~±~~*~~mmttWMlli14®%~ 0 *~~~ffl 
iu.H~ 12, I1H)AliftfJtMUlH¾hTi, L-), & J!;•fili3:ifi:friE HH:<1 ~v:.ffai NL fk'/;_i ff: m1S-tt1o/Jlfil, ~mtltii:IH 
•···• /I ~JJttW l~ f rt!,;'.'JJ:1.E11-(f.lH1~{Jf?.JJJirl 1 ff(]- .f!1 (ix;t!JJ,f,!1 ~:J L, rn:frH )}lj WYt, 1l,)'JiKJR7> Hf1t; 

HJf r1lJ{/t;1Ifi<Jti:JHAt:&, @t11tYutit LU,1tttt'Hft47J (Li Mn/J) , rlli:l1lU-t~m (LiCoOJ ,1:fJ\%tYC 1t 
tfr.l (LiNi0) t•f{'f:/.;j;:fJJ& (:r~Jf'li jc)K fr:fftfftf[]_ij_jJ{ck~ii:5%fiJ"'t\ftt~ ( i!:Vl1ti1rz .. %~,W\ 1.-ttfr.l) 
:Y;; t :·fil'.- bf 5} f(J tE-tlI fi'~- t't 1'~ Jill " 
[ 0039] {Jdl:z )\ 20 trtuJfifil .cl fi'l K iJ~:IK (1<Jficfft Mt fl:!:/4, 22 Uh H:l tlJ!/}£ f ti! ?H!, HJ ff.t {if}11it!J0t 
lf:ti :h t: :~· l:ix-5} !'tJ Y.t .·tlhi1dUtJTffU/ 24 iW Jt fi.\t: ,, 1l: /1 t't tJltE rf:1. f* 22. 11t:1.@t 1 l1 Jff J~_iJUlJ 'rlf[J ftr lcJ & 
n~M~*~m~~~ffl-~~~ttWM~~~ffl-TILl*W~Y~~m~m~~~~~ 
- -.f•r Yox: i:Pj l* ~). L , ;:,~ n *r-)~1J r;~ :<l:: ,, ,fr >JJ ttiir wt , Ht t:t Y1Pf h -11nw, k 'ic n; N.~ v;- 1'.i<.r@: J{ H fI , "i's 
11!.tlWt &NiYC it:}PJ, H HtfitMiJR ft!fk} 7r ., 
[oo4oJ 1l JJ ;(:f.iE .fh iiV\ 1 o, 20 ftiJ,Wf f1'.H11hiJUlli(1<J ~vd% )\ 40. fJ~~tfLliW rt1 ¥ {U!Jl !i~NhJi ]; 

6 
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,'i,/12 i_j'.( 

Mtrm f0 x& fr'.J ,. Wu tm , 1:h'.:J:lli{U~ Jtl fr nx W JJffi HH ( W~ tm Ji z., ;lfti :Yt, (1<J J~ t#i'.fiHH ) ¥ {U!Jt ff1% HMi JI- ., 
lf~rM;t1J'i- 40 rt 1frt1:1JcJl:1](rn1Mrn¾" 
[0041 J l~Jll, {EJf '.{J~ltis i( '11 , _fm 1¥1 3 /Jf1:ij:, A:fi~ J&o/±ti Rt!.t¼.14': (t1fWjifi1}\- 40 rf1?:r~::.l> -fWV fJ<J 

::& ffefi J:.ft; f& {f J; JUI! 12" ·tE ¥ ?t .Ulli J'i :i.'t; 1l 1 
, t fLFA ,12 JU i-& 0: ViHtJ Jt l'r) t;, fi\ ffU\· 20 i-tlU liJ 

*®l.~K~120xm~~~~~*M~~.~tl~*M~Lm¼~MZ~~&Lm¼ 
folilJ:fri ~W1tlH· ;zJiiJ i'ti f;-{r- .&~ ,. 

[0042] iJ;H: {EfWf~; J\' 1'-f] 'ij 5\-t¾:JI· 20 tlX-Hi·J-:tt inLJJT:;1& t{Uj} 42, rtiiJL r?t~1tJm~~~ Fl,] n,;t(f 
t&nJfj{j'}}.J!~,, Wl, "f{f U.;[t:i;Llt:Efr4m?MAJJt:e1hf&f¥1)J /AinJ/-1.!LfJt ,J\ (JfJ j)j 11i>'AYJ.hl'&[H' WiJij-J/~-5:'t 
\f :'iiiMf1'% J\- 40 W-zfM, ff~ g¼falk'fHtk C :ill liH t{Jjtlt?d/~), f!J:UJ.HtJlH: t'L'ffi~ :&JUI?- -l2, fm1.rtfW .tL 
v~ MS~EitiHt1 tt'J.: )A ill} :HP tt;Ll 1i {~\ 0 

[0043J tt~.1& t-fUll 12 r/JJij,fJlh'i_f6;}1J, f;Jti:t{'tJll JlffiiiH:J:i.~tt, tt{E 1cfi$'!t(t.r1'tJll {tI.rHI ff.J rgft 

~tt~~~~ttN. ~~~W~~m¼kM.~~~¥W~km~~~*~*~~~+u 
fl ;'Ai t-tJt Bf. wu~,j\ w 1Ktt1n (i\1 /JJ , ,r.un* fdM ( M t.iJ1 :JJ1 ~tHi cA1/J, .. H/l)), %:Ut it Ht 
(Mg (OH))' {$}~1HJ.'. (MgCO) t/j' fJt~Jtf.i:f!Jit f~ }i:;i;ll1tJiil ftfrttiHf4 ijl !YJ -;f"rt, l'l}:))}":fTt, [)JJ:.c> 
Jt 1+1 • FL r~Wt1tW1It\t~A itWl;}(-frf&.Jtl~J/$ ftfrJ1tftNJi' rYr L;),' i'EHtfjf$:rfii,lJ;JUZ-ffJj[Hl;,tt/Jji1itJt 
i~L 
[oo44J J.:t:tt ILnI 42 P1rft nJ fy;11K-rrnux&.rn r ~t Jct1LJJ£ft:nutt frt:E- _itr,1l1trt1 G"WU, t!J.r& 
~~*~mtt~*M&~-~~~~.~~*~m~~m~#Mtt.~~~~M.~•~~w 
nt 1it~ ~{ti!f nri O fr: 1:J v~'ttn i~t •~~t.11 rm, -iX:i-r{ ft rn ;ft ,J~·'i::11 i1i1, q:i J;tP~'.ttn t~t, fl~frJ Iitnt. q:i it 1i~tTJ ii¥t 
ij'.f2 ' ff--] rm~~ 2" M L l~rt' "P W; /f] Lili ~u 2" J{: L rnri' r:p .w: j;l;j :I/% 1'~12 ~fi ' r-p :¥1% 1f;J '.tm rut r:p rfo' il :Ht /\1}. L Jt~ 
cl\ft, ifj:tfi}Wi& fi'~Btf !ff-t,- -fr{1 !:if?-frWtlh\Z(1~HJ¾ftt.D 0 )) M·., V,Y:tm\1{Q ¥,t-tJ /Hfilfr:if !,Jf1;Jif'1J~',¥1!1 tJ, J. 
~t~~~~~~*w~~~~~- wn.~~-Ll~~t~~~~&~~~~~#~till 

{ii!t{;_IE·ff0:H,n o Pt J tJ&ff0]i.;J:ti\i1I~~Pl.fm, .lftI~ltftHJ ~fW~Jt{Z..:J:ij; ,Wf PTI:jjj(l.,:/tri (PTFE), 
,tl p:,y 'tit fff'J , .J~ t'/1 J;t /:(j M1 \'1J.t r:p i~t1 q,-;,; . 

[ 0045 J +K f :¥, VJ f°£I 4 ------ fiJJ,J· ;t;.: j; .uiti ti ii'; 1'JIJ 1&fj~ rti, t& H~ 80 :ill h l-'(: ¥IE ~~ qf1 ,, PfJ 1 J& J'/Z .J:,:Jt/! 
~~ill*~~h~~~m~~~M~~m~ww~~oo~--~0~~~M~~.~WT 
!Wi {li .Jt 40, :ff;. hztE ii{ 1% ll\ }\" 4 0 fJt :'?:[ rili J:, rlJ t-fL JZ 42, L:j l:¾ J; fl)£ 4 2 i'Il Xj Ht/ ijJ, Hut· 20. 

[0046] fmttl 4 Wr5f, OH&H 20 1ji(itJf/!.{F_t;;i:;ttt01mrn 24 rt1ff1..f¼.it1]'ft41!JJ1/t*,.1tf 26 *nltJ~t1 t 
:;j~}f; (/Jfii-~WIJ.:flJht, JHlHNi f'fffll;lif :ift m1\~·tttM)Rlt} f 26 zWl k~, &-:t\ t¼ifittt'>:1JJ1'fiL f 2b ;f:11 

J:h{!iJK rg 1¥ 22 Z iWJ t,1; g.:(:E ·,W ., lri'll 'JS fr~ D\ t&,\\tttMDllii: f 26 Z ['FlJ, (E?J::{f1Ltlr¼f;-ffiJtli 
Ni (1{] tM,'Uf;r&J~ t-➔UJJ{ 28, {Ei.fHWlt 28 1 ! 1 ft:M,1° 1rw ,;f( l't2, ff-ifft: ( ~ p :jf, ;j( !{! tW-ifQ it ,.1\/Jt tii i?}tt 
tfr.l NUi! r½ ) , 
[ 004 n ll m, r;,.z 1 t (tr wt- •. ;x ,t itlI,, tv k11:. ~wi dJ )J iW rn rt J 1mt. •. ;J: 11! f ~!, Wi ti .fG- :tif5 fl 1'1~ iYt :tili •tt 
flEi 1Lill:tHU:nJ1m ( Hi}:?!11A) rfJ J'lx lfl;fll}c Fl!' Wtl{{:(:Efz}\.[ft tLz;\\tt·tP.ID1Pl 24 F\i l'ifJ j(j~ rgf~1j'. 
Wn~z1 ·/'i1Vil~tt !l:l :fh-fJW1l't:~m liJiJX 24 f:(J Y~MHh rH, 1:h t~i'i1i /t-40 nJU? 24 ri !YJ r\11\Wi/!i JR ;1JUb t1J 
,£, 1~ ffl: L~..t F C HP .'& ~t i'fi t?~. /:i ti{i· :q~ ) 1Y0 Ni i\ir~ o 

[0048] iil-l, )f i'LJ~t&h1ttf0 }JUi'. 24 1J~ it't rgff1iit)1hMrtiL tj(IJ th F i'Ef~,uJutrH ih.t¾:tttlJt!J 
nrt JZ 2 4 0J fl<J rti, ff¥ HJ fll: + h!. , fr, h 111 iU~ 1P;i i:f; f1<J m; lE ft }Jiz, ~ti. "rf. ff~ l>f kZ ,, \; 9~, -{C rg f~f ;:1~ m: -Hlk.i" 

!g(;t frb mt~} ( HP tri.t&ifft'.l:'.JtJNUff 24 F½ ll{Jltit1{HlHH'fM-5r ) '+1

, tli f 1 ti,1'1U,zlN1¥, 1 !1

, -f}.UJl I 

7 
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(\/12 i_j'.( 

if~ ms fr 1'11 J; 1t ,, i6: 1tHN ,S{ till f!t 11.lp f& .J'-J fl {ll]. :. {!~ t[l ~]~. 1foJ N~·;· .till ft hi( t[l W1 fF (19 MJ )-.. tt li:f' 1K ( fg 
~w. in l!f1.±i~ k ) flt 'i ft] 0 

[0049] xJJt, i'E4'>- '.{( 1}'ctf )i it rt 1, A:11h~fi;~ f\" 40 11t W. ffll fff J/i H HU k:HUW ft WUill*i1A-:ffU flJ .¥ 
{UD t2,. ,q.:::JUA ,12 liJ&tfaJf;.f;i\,l;[lf!,'~1, itfllJ{11fW 42a l'tJiUk1\tir(zl:Jg 0. 2 P 1ri'L 7 J.l Ill,, n=.¥ 

'>'l;hTuh.;A: 1!1 , J; {UZ 42 +1i-nx-tEl;MlA1Jt 40 tftJ 1-J ih t~Jt- 20 KJx,J FJ):lfiW, ii\J;JUZ 42 1Y1FtJ {'1 il'.li 

42a ?f :'.l> J11 f& f:E 1'J tf~ ttm J:\· 20 +1 l'i<J t:L 'iZ {h .t& $-;fr tt 4t'J Nt O:r :ift tih?}tUJJJ:l fit 2 4 t!LH li9 {,tit: t ,, 
[0050] .:ttH\iJ if Mi~ jfi, iJ:ll(HtUt 40 f(J1J flt titn 20 .tff.~J· tifJl{1Vi JJ!; /:i~Jf¥ .fLP2 4 2, }LIL tt: 
$ .fLh: 42 !iJ RWY ft;.J&?I e1, J:llr ~J. t[ i~Ull ?1 [lfi 42n [:i•J fllj /'\ii 44 ,fi fJlttJt,f~;~ }',j: k m:riJ:~[c·)j(lflm¥ 

;,l}: ,, tr:J J!t, fill Hl'.!Tl r% iffth't lfi '#-ft:fflt&,\\NJtJ J1JU/ 24 V>l Wf 11z A t'J'.JW;rj( t{JJ1¥i'fi i'J<J m1Jl'U:Hrr 
J;ij V\t&iS·]t:tVJ{trJlf 24 l'l<J :Y~IW, [!_{, ift{~1t{t1Jt!d°'.);(:r: 111] { 11 rnr 42a t10 fUJ fm 44 r[i [f] {::;j( fb,f~n1Ht1l\ii 
Ut #"; f/i, t& r!'i tt 1PJ JiHJZ 24 , H~. Bl_t{•e Ht Hi iS't't tM )_-tJ! fr~ FJ~ ffJ lfifM{ ?:ZHLU13mjy,: ;½_ ., FU lit, fgt ~.t il'J ;;~i f!U: 

~l'.ffi !};] ift ~ ft ilk 1h iJ I ,;\JHi<J fit 1K MdttJ!J muz r\r (y!J Ehl/Vii:J 1, )ii , ftMlt·H:: 1N fcAt 111 y/ftl (j<j lniiJ )', ,rt 

[0051] f,JUZJ\h.J:.3&r11L 11WH1~J#ki%{lt)t O J,J0.2ilm"'L7JJm., l11]{11]rnl'i011iJ.JWf~L:t? i) 

}t"fl( r 0. 2 pm, WJ L11 / (l1 rm l'fJ{;il:;:Ft:!}1 m~[)If:fll, (E 1, 11gf%ji'I] J::i&]!Sfrfr;Jtfl\Jf fftJ )\.tt}l2/Jj7}X\fl 
!'t<J tm ;;;l" !i1 7~ , :ff 1111 ?1 it'i fn fr1 f:. i'i:1i ir!2 il'. 6 J)j f I . 7 ~' m, Y!IJ tE i/t t& WI !'t\J 1g (<11{ ,1~JK (l{J 'Vi%' NU tT 
rt!¼:, rg 1U!, LilNJ.ftf.{J ;F .t&J ~'] , f;\] Llt, Xi nii'ZJ-{E-f~Wilf mN >.tt Wfi0Hl ffJ@l fr( , !1111J 1

1 Hll rYJifl k. Nli1l£ '.,)l 
C: J::.f'i..YiJ 0. 2 J.l m' l. 7 11 m l:t~¼'.irL:t:'i, 1)U.>171 0. 3 11 m'l. G JJ m, )[:J(i}t;i];; 0. 5 11 m'·L G J.l m, 

[oo52J .lit 1r, 1t :lili t1t, t ,:1i .:$ 1L 11: 42 r:i<J Vii it' < N fy [111 1'~1 ifi r:i<:i Iii J.::. ff? .rt > c1 ·riJ r.J :kit Y1 
2 li rn, 50 I-• nL lf¥ JUD 42 H mr, f)llj rt1 f J; JUZ Jis: fJ ff: h rtt RU& ·fr ti: J1[: l't: rn , {tft {If\ fF1H /J .... 

tJ:.:ff!ttiKMf l{:fj' Y1 J~, )} otJLfrf 42 H;W, lj(iJ{Y.iJ:I:;:·tflJijfHrJ:tr'l0 f:K] tr::Hili~H.jf'J'(J2tf!H!T-JitMt 
W-!'1'.J'Wfi5l,, f{Lf)Uf~ViUQ d .k:NL'h 2 l.l m'50 lJ m filj_ffi:'[j(U, fJU&}J 2 ~" m·'10 t.t m, JtJUki;\;;}J 

[0053] J~!1~. fJtii.tt!1, JHU!H 42 frHLPtUt{)•;; ki't 40%'"70)," :fN°t1LJ!H 42 fiHlllJ5Uf{-.i:1 +, 1:iw 

1t r $ JLU: ¥ :~ -f ~':: :r.J rrr r:n ,r& fr 'Ji ¥t: ·f ~':: .m . :ft tf Jz f@i+ mi& 0-. tt H r~ir f i£ r riJ , 5'.i Jr, rt =t fL fJ!l 4 2 

r1~HL Mut,~j:if.: ' !iliJ {," {r Jjtf{J :M i~\Jif f'r'.J r\! fff; )Ji rnr; !H 1'1{J1f1: )!,H(tHM '1:'{ 1% rlrWH5t ; 1!U1~' Jj£ {Ult£ 
!¥ [Jf.11t JifI H fYU ~[l ))] lfi f A t· ilii~ JE Ft) J; fl J;Z l~{j J.:fi Ht , J-1; ;ff:. X¼\ f * tH ( Wu ~[l ;@i.ii SEM X¼\ t'f },Ji· vi~ ;.E 
~¥nm~w&xW~)~HkITT~kM.~k~H~~~R~~~~*~A*&~~~ 
AtH\" 
~~J kiliM8~~~*~*»s~~~H~~~~ngM~ffl~~~~frW~+ 
!'f<J :Ht U: .F.: ·J C 'F ±::J Fi. {1: , Wit_ HE ::r} }ti ( 1,?f £if: 'VE ) ) * tftil tt , • :01 ft,: 'f~'i. f R -,J- ii~ J:. , 9!11 Jt ft JJt 
;:111. ;t, 1xf 1 K . !SI J}t f-t, -tr ?tJ t1 mi 11u 1t1 J.:: Nf iK )H: Jt1 J.: r:1~ Mi li'iJ ~ !:t:I J}t, 1m. ii l1:'l Jt fiz n, ft f1" 4t:J t)r. r 
11~ tf11:7i~f( ;f ( ,:p.J5Jl} F~, p· rft Yr-Ju ) , fJsnJtJ~;i iM WI ,nt 1HifrJRl Alf fl\ X:,, llP, lfild:iill: 'i!1 ®fr. 
fi;,:}i~ it fr ttl tJ f t'r~ NL ft f{ 'l ( f J';J 'Nr H:' 'hr JS[ 5} Xtr ) ' ~~{jp w r& flll ,1~, tlli t'iJ J¥i A f'{;-ff( 1} ;\\M }ii 
0. 2 µ m ~~= o :(.~ l. 7 µ m ['j{J:f:-fLUf ., 

[0055] 1iln·fr4l}JIJmYi'., (!1JtK1iit f?40t.\L f !YJ lit Fi}&YCKi£H' ffl:ft£H~LtYJ :;y:J!9t{,_ B:: DSO De 
zh J:.f'( o. 4 P 111"·2 11 m,, rt1J}t, ftWt4JMl'fu:[qL11lt1 [j'jj(:J';JJHJ.::Mi-W~tt 6 !1/lMtf::ll:; fltWY-t-TFt(J 
Dtz t1~ NE ml 1J,J ., 

[0056J Y1 ~I·. fti&Jfu, J:J£ &:H£ (f(it4nt,'t. f (1tM:c h½Lrtfii ~-J, M1d·ltUJ.rlu ',J.'.:'. (J{Jti'iJ:!t 1:r fii" ( 

8 
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{RJ&)tf) r+1 , J~nH 10% 1'1{JfiH1'. DI O 'h O. 2 1, m U. J_,, :fo:Ji¾Ht {1-1k/'.f.i'r. f !YHt~:lf! 10\\ !'rc:f'.f.i'r.{} Dl O 

1}i1+, IQU rH f ;@d.J'11.1{;+ (Jj?A1 1J, tl'.J ,fi:;,H1%ftft'./:}Jt~, f tl'.JtthiF t&:tfUi! 42, Ji/f U, fitHi11-tfr 
~!1t-.'.i f fii] tYJftif:;-{l~.1, J; fUll 42 fj{JlfH :1,ttfl,, trut, :£jitif'J':FJuN?iifilfth1UU!Jt {t:f;~ l[.W.1¥!YJ Ht: 

Hkt!':{{1/iWf- /'' ftfJ'.Jfj;_J.J wt I [If! i' 11 \Hi ·12a :ft M tVi~1)i, #tEA:itf1 ji1JJ: j:ffjT~l'lliJ vi'1:FfifH?,ftlr1% 
}11fltfJ·ntf/)1,., limJ ft<)·4MtJ f !'J{j ittfH 10% El0:W!.{} DlO .7-J k3l 0. 2 J.l m ~), tJ:l:iill:/1 ffJ, it:J.ili.J-J 
0. 24 µ m l:.tt, f)f t}1H:JU1t 1;; 0. :3 ir m l.'J L. 
[0051J J~ !11'. f:JtJJUU!., J:.i&itJi~ 'fU-1:AMtit T fruJ;t; Tl~k.W:f:l t,J, H'fi:tHU~ili!tl '.it: t1\Jt11.ft 5t f;'s ( 
fH)fPlt) 1fl, JtUH 90% frji)t} D90 y~ 4 µ m l:1 f ., tV.ifilJ.1jz{fi)f!!5t;f\:,-;\;;frjt(d}TtfFrf-.1fo:Ji1~ 
1t-f~ ~PJli f [j(JJh n-*J!)J& ¥-fU!? 42. JQij t: Wt! f.t 0-tfJt'\l f liU i'r.JtN 0-%\, J; fl)? 42 n1n1H f;.,. tUlt 
- :Jf :tll iWi,. ts11it, mp N! ':itii~1J fr: rm M:i :1111c: hi 11JjiHi lYJ :¥t· m 11J. t& H~ r1:11mfm( 1fyJ\1~u11i ;h iJ:. r10 rL.h , 
L' 1J { 11 iTitf 42a lfL;,{t l:f tVi ~l;\t' fmf~ fl!: iiJ:',j'j\}[h tiff I] J-j£ }jjq'['qfJ-fhPHH :1\. tJ:.Utm?ltW: ., :itH~ -it {t i[tu 
*(;: f fj{J ft f,\~ 90;{, (i(J tY +:r~ D90 k jJ iJ 4 ],: m l), .F J& 115: '.l'j 1'{1 , f)t i'~ :'JJ 3. 5 JJ m l), F , icJr .\4U ·f}t :i;6- :'h 
2. 911 m U F., 

~~J ~~~~~~~~~fil0TTMtt~~~*~fil~5~filMM800~~~~h 
;:t, f?tt~t 91J 1V;fffi tr .l!t-lr IF1:&:¥ Rh! IH li{J }UJ& ;$:ft-1/1)J'It" };ru ftr1, ct-JUZ iffi H lJ Fh:i\ fW fti, 
t![J ,~if ·f{'.iitW! 1'Pt ft4f;:Ji'fl7 f, Wi'frif!J, Jtflh111 -~·JUJ~ .ifif&h~fr ( Wu 1\rU11J;pr'i'.~U ) ::+nt{l::illt t1 Ill~ 
ftlJ+1, ~i}f{j. J!j 1',iJ:tJL}ZJF1&Jfly;j';l;j.f;j; :fo {El)ih {i; }\' 1'1iJ Jf 1'.fo§xw:imY LJD' .1.TI1i1 f-:h¾JA.xti,ii'.>J'; ttl 
t&Jifrh·T:~-, 1Aii'lJlf;1&,. i/ftlriSl F, .i1Jl:d±51Jf t.;£TJl~NAtst ~J/{·T:~!xUf %,f'fJ Tfi::;f;fcfc, fit 
~itt;~1Mrr1J 1' 11 rnifr~11&k«W1tU!lo: ri , u11, J@;,1::112 :irnl.dfT.t~Hlildi LJJz :r'.1i;l,1.:.;~;:t!P?HrlF:~Mt-Hl, Ht 
~Lt Tf)n~'J1•! ?1 tlJJtl'.JJ.f1:k:; 1t'j i[f; :JL () NUt. 0. 2 [1 rn c( 6 ".:;; 1. 7 ll m fj';J ~ ·fUZ C, lliX;fH.lLl r;l(1t' {0. 

J:lt T:t¾:iMJ~Jif !,:f J,Jii:Q{c '10°C ~LL ( f;ifi!m 40°C ··,so\;),, !;Hf·' J:i£T·lJ!itfxU8f;iJ L_),);jJ 

ix(f 17m.•s 8 L ( f«!Ltm 17m/·s'2:!mis) ,, rtlllt. fJ~1Jf't'J.%Jth~tl11
]{

11rnirfJlitkrfHl:(Jfi!Jl{EiK 
1n .i~r :-~ Jr ff11:Jt fl i:1¢J l!l rn1 r-1~ ., 

[0059] ;HJ1~. fr, 7,J~lt WI {11 mY1:1~.fi¼knl fttM: ,) ·1mntrUUffi,1j frjWi rm F'~ fib hit' l:1'r.1M~:91]!/titCft 

Jj£ $ JLU: H::: f:ixJn ~,riz 'N ftJ r:~1 tt~nx ft 1w~ t.L Jk 1ild;- Jt1Jm: 11t Jh1~ ,. rr ¥ JUZ Jt:J&:.nJ ;,~\ M-1Y1 tt11 11~ ,& 
7},'t~.c~/k t/i h:/flJfil:J'}~ ¥' fj!iJ'f'ilifiifffi);:_' /9rU' l,it{i[fai'j{J f-tntt:·Rf;ft,, l\lJt,. [11] {

1
1 nti1't<.1l1sk}::_?,)iftl 

x~ ,:; 1J ,q}J ): Mi lf-iJ O Ill J.lt, :ifil H i3:fi!l:: ,z fU£ Jf;; .iN: JTj Y;t; fl- (fJ nm 1* r& )J' if ~l /k tldt :ffU m.:, ftt,\1tt1i~ 
;tfn ti rnrn{1 ifr J-:: lii-1tLN: D ., ~1 P , .® H3ill ·t1 J~Hr¥1un lff.1:i:x. ru rin t1~ rnn !¥r~t)t w-: iv. 1:ttt; 0-wu 
JfL rJ's /!}t Tf;b)!, [lJI lj~dHf r\:JJt;tK1%' KUI~ () iWPL 0. 2 µ m ~; 0 ::( L 7 J.l lll r\:rt -IL./:i~" Hl )c!tN 1}1m1 
:.t,'fru;1LJ£m.b.xJm:1it·14rf1l13i!ff:1~x5-.Hftt±.'.H-~1140 Ht@:'X, tfL ( ~h-fWJ&.'/;,14(f'so ;mJrl:%,) ., 

YI 1'1-, Wr tr nu r'l{J 1th ltW~!. /E~i§ :t-Ilti}l::;J&Hj/i~N rj, JJrH tt lYJ trn {i::f&5}Jtt ( lJJtWiJfu JtJ:::tJL 
±tffi WU, M ·fr WU t11 ;!tftl!. [{J % 1UJ/ }ft& f& fr ~1{11:1 i !- iil ) fr: );; 100 JJI M: % tH , flt ill; fl] )h 1 . fj .rm 

% t.LL ( }lV\Htlt'lv 1. ,'t4. s JJUI1: %) ,. rtn!L fJe/1tt't:,Mr±ll:\:rt:f 111h' 1iiflt'M&k:N::ifLJdti!J:Ji'Eli 
m itr t JT tfJ tt½t i'r~ wt: rn V-I ., 11t: J~, tt: JJil J_;1 r/J rI11 ti tfli' l'1<1 Nt :k: iit Kt 1} D ri1 h u~. t1twt Yr 1111 w, 
-11rnx£Hfr{HH ,, 
[ 0060] Dt i· , fi; Yv J:. :t:fi P JL .rn H; l& .in )1ilj )11j Wf HE Jtj I'll itf jfij , ¥Jr: ~t YIJ :}f N "' r:fl )f ill t lli'r Xt l~lrtl 

(N\W) 'ilftitil--'.t.1t~l1~' rp J;t L AtW1M' ff1 At rr-TAtW1rn' :ff d~li~' llf :4t'. •. (fl J;t (fl fotfN,~'. •. (fl J;tL fotfJ'.t~ 
Wfff.tJLi~w'FftVtl'G"frJ,t1 ·11~-;f1!1 p, J·.t't%tlfr ,, 1&%f, ;£ Vi ~:J. :'h zkNQEtlJ(}J ·t 1MJ<Ji!t fr;{HflJ .. 
Yv {J.0 Mt i~ ;·IB isi\11m ~JfJ fot /]( L), &~ ffJ frluU l f?t tJf; i£ /'1 tfu];j;;j"'/', ft HJ f?t ftt Lj * J:';J tf'.j ~'[:[ {r (:1<:J-f f 1fL n-rnu 
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( Kt f~JW , 1rt fN ruM ~:,y; ) t'10 • :f1f1 i:i.x 1W ¥111 l_J L ,. 
[0061] ~gt,,!-, J.i£% .fUE tf;;,f&;H] i'*M·, %~ T }ritJLJill fi:fflj;ff] Wi}rtrU UY!-, r1e:iftff1fHtl7/i)}~;riJ!I 
®ruim~-~~~#LlL~M~-~~~#~MN~~+.~~~¥UW%Rlli%~m 
i':r:t1 fj{Jl\%1 lr~ ff1J{t, JH r1<J })i {t-'.JM ; /J ~xJl'J\;~ Wi ftlH} JI [j<] }'it f;--tM' Wu tm i!Uli 1:t nut [fl );;l; fH!i' *~ 
(CMC) , i;1?,Jt1tli111Jfr~tr {f lL 191]' (Etif %iLJ.i!t}l Jl:;Nx}ll ft f'l·Hr ft fr [/J[ol {:f:r&1rfftf: ):; 100 NI 

lit 'X, Wl, fJt:tilit;J;;J L 5 .FJJiM: % k'.l T, }E1kj.!.c_J',Jh 1 mui % tFF ( 1MJ/i1r1/J 0. s'1 NVR%) c, 

[0062] iirJj;ff:f(rt-fU2:.if;J'ixJtilitHi}:fri{H% liVI· 40 tif1"&1Vi J:, J+··lfilHT"/*, iJ:ll(H~Ut 40 

fi~J &mi' }f~J.&J; JLJR 42 (• Jt HJ, l:J, fJt~t ?tJW: L;1:£.H1 J::. i~1it1 j/ () li':J fi jt ti'.ik ,t .JUZ Hi .i&rn trzll-
1l 1 Wrf(fif (fJJt.: ~L.ftUc :itu 1Yn.i1t ( tt1t£5} i1J ) , +Kf~ ffU Ht, 16! I* r1\ ft WU:t , HX: tf 1G fUJUf; 1& HJ 
ik:f4 f·:W:tHriJT·-t*#d'l'- ( WiJ~rl, T·l~iM.lif ~-i.&.Tii~IAi'ttJU h~t*fl'), Jf:HHtli'i1'.~'i°tfrU %fl 
Jl!:-r-&;¥,fL.rB 42 f!!JriJ, rl11.lt,f1f.Bl_t1t~fi\i'.L' 1J{1dTitf1'1t±fr_ki(?ifll;}t <; ffl!]J{O. 2µ.m ~:; <; c:.':.: L 7µm 

(1<rtiUA" 
[0063] .(J:13:.f(;;HJ t-fU£ ,12 tf r&lH\Hi£ J\· 40 ilr& i!iiJ:fi:1, ft iEt~.n- 10 ~t tH&Jt' 20 it 

WiJi~?d}~J\--lif:,~.(M{t::-tti'.N:rutlift; 800 Writi.,:]ct&f'.i\:rfl{fift: 801:Jti\'fl~~-t-::i* s2 '+1 • ri:ui!,,f# 
,1~ kf¥ s2 i,½ ilf(#t ( r;~.)\ > :tffi ~l'll'it.w* 1hiNtL f\:}J/r:tri:tJ~ s2 [½ 11 Li£ iifk;~ 1!1-t1zft: so 
• -f!N1rl~?,!'tJ'li,;J<. 1ti,0¥H~, tm\\Jt;f±HJ 1J tJ 1t1trtm1~ f ~l1illUVi'f±m !'fJ'l[,;J<. 1ti,f1¥HJL Villl~!'rb.,1[,/J( 
rnWf:Wi, iZHlN '.i}( H15i:, i:'~,fr:iK t\iMifH!t, J¾.J.WfuJH\ {E:1£'1!i ftJt'./Jl::u:i:WLl'+1tfH:•!Ut rf!,JW.,,Jf frJ 
Hlnx., 11::'/,J U& lf'.;}(#ft'IJ, ffl.Uli!fJtfMHQ'.JB ii~Ui3t'>]f Lt~rn (EC)' ~W1~ ~ L1~t:1 (EMC) ,M!!lfr, tfl~~h 
(DMC) .@ntt: :. L rcfrr (DEC) ,@nw iW i)~j !Hirt (PC) 0&" 53 9~' 1l /J J:Jt:JiH~ iflfe}f.Mi' Wutm, ttlt1tm 

LiPF,1, LiBL., LiAsF,;, Lio:'.'csn,, LlCIO_, t1;(:J<:rti!Ui/i:.,, f!.Hn, fJt1Jtlt.t&1tHHmF.:!l,1K1ti.fti1f~ d't 
L:J, '.{ :'I :3 f'f'.Jfi,;HtltHtr EC :{;II EWC ::¥11 DMC [i½ill{tf#}Wl 1 ~JfJ lmol./ THtJi1'<Hfrtfr-frJ,:1)ffC.f' 
~uf~1f: xw: t1{1 1.. i Pc,,. 
roo64J ¥fJj£ 11,.1Krnft,rni 1::1&Mi 1'hHHt,· Bo - ·t91t.l\+l-:itt:.{t: s2 ,+-,, JHm.HJW.rt~ r54 /J'ff'. 
mtt:fi: fi2 t1rrH1M~;tH, rH;lt, :fc1~\i..¥'0;liili/J:rl.'..f'ib:t1J1_1&rr1rrrn!, mo f'ibti01t c Hlit) o llt:Yt, 
~~tW52~~M~~W&~~~~~~(~A)W0~~½~tt~~~7~~~~fil 

~illfiMf~M~~illfia2¼,illfi~~~~~~(~M*¼~).rrW~~~*~illfi 
Jf±l l( ' Mi )rf! t} Jf. Q~} Ht/ T /'1':: " 

rooBsJ LJ F, Ut.r11 A0 :.t.:'&1tr1 tn)tt1f1 ti~-%r.1:1u, 111J+ +~;hl11¥-1Jttr :.t.:'!t ~1n r;1;1 iii r:E L:J, F11tt~1tiwu 
Wr ;j~ 1'{(:J 1JJ '.ff 1+1 " 

[0066] < ii1'.:tlitWU 1 :}~tJLJrUci'f'Hi')EUJ¼'.fr:t;y-1,i~JW.:~:> 
[0067] f1JHY{1fiU;'.jfift11 ( .-t :1 /J '} ~ '7 ° ✓ {~HJ'iM) lJJAEfr. o. 2MPa )l'TT·11:J1Ji.:.tJLJJUt:hiJ 
1YJ:{J}:Hlftfr4}Jf}}_;f.:·:J,;H1Y 5 ;},Mi, ;fijJ+jl()1Ut*t;j{4,:::iHEfl!Jll: ( 'J --r _,_ / C,,'.::.. T 1) ✓ ;l 1~·t\Jt/J) 

5:H&:1/;; 4 irn k'l.f" iIH1J&Ytfn'tH, IT'xM:i'RJ.v.l¾5}:<11~~lht'.lt'Kt ( IHfLl,tfri1Jf~1J) illUH:ftH!Jl'f:J 
Ji;:Htitt frtfr.liJbH1<Jtt1t 5Htr D 10, D90 ,. 

[0068] Y} Yr-,* L{Jr,'.t :! 1 ' ~IL& l W"i·ij~. H: Jt1 lit){ riutf' '};'(folft0J:, '.{t)frij {i' tl -ffH-L 'if{' : tt ft 
1:t±z 5 *·rJtMrHti~-·+JJ:tjfi<, k'.lJ:.,:£/@UfiliHl:J,:.\t,lf{;}tii' ( H,{l.!)f~t1t) 1Ht:UKln 10% !)H) !j_ 

)i;;JfifH 9ffX., 1}: DHO &--·i~tl}P 1Hl<Ji2#11.t·0-1&.li"fr:.t ( UtH ("15)" 

[0069] L& I l 

lO 
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tt :j z 
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~~ 

cc, ~-=✓ ~; ~ /\ 
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::.. ~ ~f~t~ 
,.n 
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0 

8 

J ➔Lht '$ :fL&-IJ~ftl tl!J~j I f$j~ Jt -i,J'~-f1J'-~!lf 

J 

~ .-_c, 

·t~ 
O-:; 
-1 
'.'_Ji 

:.;.;... 

<l 

~ . j© 
51 ' i I l 

irk I ~- :k. l J.A, Ji.:ffd I :!$!,it M 
~1-tJ-o lf-i1.. i1,J~1;41; 1¥1~tt 

iJ!-:itM~ 
#£ 

-~.- *_. I .Jftb-_.,._-~j I .:r-_·. ~-- I.~_•· !l I l-_#~ l&.. ___ #f41£"_#¥11Jlt. flt I-- -41_· fll_. 1%*•1± 
;IA·~ i: P£lt -~ tr~ .JL f.lf $- !flt ~h11Jf 

➔ :,;Jt *' ~ ~ 1 [JI~ 1 I [ µ m] l ~ = ,..,.,,, ,,-~ .. ·,,.,, 

• 0.2 I 4 I ~~41; 

i.()) 

[µmJ 

ili 
4Ji l 02 

[%] 

40 

[%] I [''CJ !fors''J 

l.5 I 40 I 17.:2 I PE 

• 0.22 I :s.s I il$lttM: ! 40 I 1 .s 40 ! ffS PE 

·hi'.,4}3 ! 0.5 I 4,5 j 024 I 3.5 I ,!#J~);'; ! 4i I 1.8 45 ! i36 PE 

[."o'if] [µ:mJ [QJ [%] 

47 20 Hl 13 0 

41 20 t4 11 0 

47 2Q l.1 55 0 ..-"~ 
~ -

~~· ~ ~1 :: ~ I ~4¥ 5 I {),75 I 4.7 I 0.25 I :.vi I (i - ft.1-t~ I r,.g I 7() l 18.9 IPP/P~/PPI I j I I 
,,,.,., . .,,., . ' ~",.., ,,.'-.:, \, 

:,t/: 7'-7 ¥ :.;_: ✓ ~~.'f-6 OJl 5 ()26 3.2 ::tb*£i 41 2 75 19.l PP/PE/PP 
~ : •• /:;s:' 

~¥f 7 1 ffS 0.3 2<9 fr.A-ti~ 4,2. ,ti ao 19,4 PP/PE/PP 

45 l ~Jf4 ! D.5 j 45 j 0.23 I 3 . .6. j q~ ~1-t,,m ! 41 I l.8' 45 ! 18.6 PE 41 20 L2 a 0 

47 20 LOS 5 0 ~ 

47 20 1.05 48 o ! I* 
4] 20 .1,0.2 4 0 

1;1;.#8 ! L2 I f.J l 033 I 2.7 j ,ft,{t~ ! 42 I 2.3 I 80 ! 21 IPP/PE/PP' 47 20 0,97 3:5 0 

i,l;.Jf 9 ! L5 j 5.5 j tt35 I 2.5 I ~~,ti ! 43 I 2.5 I .80 ! 2 i .3 IPP/PE!PP 47 20 1 2 0 

iM!f-10 ! L7 I 7 l o.ss I 22 I iJ'iAtik ! 43 I n I 65 ! Ho IPP/PE/PP 4] 20 12 Hl 0 

ik.tf11 ! t7 I 1:1. l O.J7 I v, I ..:::..J,Jt.it. ! 43 I i.e. I M ! 21.s IPP/PE/PP 47 20 L1 9 0 

i.\~12 ! 0.1 j 9 j 0.1 I 6 I . ..::::..~Ab4J:. ! 38 I l I 60 ! 15.6 IPP!PE/PP 47 20 22 230 )( 

i.\A.f13 ! 0,12 I 4,3 l OJ5 I 4.1 I a·- ~1-1:.~ ! 38 35 ! .16 . ..8 IPP/PE/PP 47 2.D 2.1 260 X 

14 ±§ '""' f+'5 .-J;;tf14 2 10 0,05 5 ...::.$.,ft,it. ! 38 1.2 z.o ! 15.6 PE 47 2.0 2.3 260 X 

"Err{"~ EP "#y -:c. 

';:'..; ::'.' .,,~ ; i';\:,;fcf15 2.1 3 . .9 0.48 2 a - ~,t.~ 
i* -::!!_¥ 
~ :z.: %:: );rm 

50 3.2 60 ! 22.0 IPP/PE/Pfll 47 20 24 Ji.a X 

I 
.:".f":' 

+t%f,4~* I'·.;) 

~ f]1.TI ~frf * :Bt 
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rrtm. ( '7 l- -r :2 Y ;, _:,.. :M 'r 7 =: :? 1 ·1~ 11HM) X·hfiit{t4i1U t5000rpm f'r'.J±ill)JttUtiit.\Jfi~ 5 fr 
1t111, ·t,~rr;, L), 2oooorrm r1½i'TII!¾'. iiitntJti: 15 5}1/1, rH1H:;, ·lf&jfhiJ8·lLUlffJNJHiud4o 
[0013J 7}:>1r, wt fli\r1~ 2'15, £jttn~ 1 r1UH0 , T~;u, -it:@nunriJ.1:i:xJfl;1ut.lHt1ti1l1¥1&'.fr.:t~:fn 
l'liftWLlJR ( Wifrif1J/i":iJLJJ1JTf.:hZHii/~l+ 1!1t'.1<J,~i}M11*r:&5tffJ rtfHl:tWtl) ~11\tJ: 1 !~llf1Tl1U, PJ 
~ttl~~~~~%Rfilm~m~M-
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Pore-forming ceramic isolating membrane of lithium ion battery and preparation method thereof 

Abstract 

The invention discloses a pore-forming ceramic isolating membrane of a lithium ion battery The pore-forming ceramic isolating 

membrane comprises an isolating membrane base material, wherein a porous ceramic coating is coated on single surface or 
double surfaces of the isolating membrane base material; the porous ceramic coating is formed by coating a sizing agent which 
contains nanometer ceramic powder, a binding agent as well as a pore-forming solvent on the isolating membrane base 
material, wherein dosage of the nanometer ceramic powder, the binding agent, a stabilizing agent and the pore-forming solvent 

in the sizing agent is respectively as follows in parts by weight: 88-93 parts of the nanometer ceramic powder, 4-6.5 parts of 
binding agent powder, 1-1.5 parts of the stabilizing agent, and 2-4 parts of the pore-forming solvent According to the pore­
forming ceramic isolating membrane of the lithium ion battery disclosed by the invention, an absorption rate of electrolyte is 
improved by improving a ceramic sizing agent, thereby facilitating transfer of lithium ions better, increasing inventory of the 

electrolyte in the battery and increasing hardness of the battery. Meanwhile, the problems that the ceramic layer is easy to drop 
on the isolating membrane and the coating thickness or the surface density is uneven are solved by the porous ceramic 
membrane coated by the novel sizing agent, and therefore, the safety performance of the battery is improved. 

https://worldwide.espacenet.com/patenUsearch/family/049799357/publication/CN103474602A?q=pn%3DCN103474602A 1/1 
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/lJtt::cugh th{t=: H'.1: ,1\·:: rp:bnrt:or: pr=n-f\~)nlv~n)CP: is tt:::prc,\n~,t thP ~on r-h1:sr:•·-unkx '--sf ~t i:..J batt~HY ~~na afi\,.1ch,_~:J. and tht~ thk~knfils~ of U1t~ 
c&n~v-."'•+--· k7yf'i-~· :s re❖ t~r,tr 1~;h, 2::(,t{ H'~! t:~ff'ty p~:)rfr-u· ... -..l .. V°'«s'~~ ie fst,·t h~gh. 

~n order to ov£n·con1t=:= th~~ t~ht)rtcorn!n~]S of tht~ prior ~~rt\ th~~ purptJSt~ elf t~1~~ pn~t~~}nt !n\lent!on is- to prov!dt~ ~~ !ith!un1-... ·icH1 b~~ttt~ry 
pus:.>•f.-..Hn~i\ i~d ,l~\'Jo:c :::-,1' ·+l·u11 r~~1, l\.s ;rnprovt:; ttH:; s~~fl=::ty ~vn:f()n;-,,-:;~"«t:-t-·_ ~jql~id wh.n:1rpt~cr~ pt~r--=,on)·r~nct~, ;;qL~;t) ; ...:lent: ... 1t. 
p<.:/·~_...t ffh~r1c:c of the ~ithiurn b-~~tf-t::ny~ . t.:.: ... RF>--..?s \, 1 ~?<:. t r~Hl\1A ;l~t of iJ-H~ rv-..H>U? ~ ~nFn·t h:_tyer 2~nd th~~ ::r dtnn ion battery ~on 

•·thh,rii ; ,~i ~>ilf}.k:;; .. rv2 11H~ ii\ .. 5•1~J\:s:,;:1;,s~d hi~~fi .. ·S~~rety pr.ul~ ... fr;rrn1n~ :....-f$r ... vnic :s 1>\..i!:o, .. i n1~~rnbrane can irnptt)V~~ tfH~ s-a·h~•"-y 
pf1.rfnn·•nr:sr•1>~~f• c-f th-t~ t~th!u--11 ir,n h~~ttf1.~y . 

. A. p(h .Cu~Of snin~) L-th ~s1) ..... ~.,u·+::1tJ1·,n :"t'~:p•n~:w::N~s~ ?() .. -- 1
i:L:11s?i :r,p h ~<\•> r:f-W \:1rlnd&s t?n ~snh;Hon niea jlA ar ii! snhst .. ~:::r}~~. B•~~ i~snh~tinr 

! ~<{."'~ 1 t , - • ~~~ .. -~.),:;1:> r1t.,=-- ··" t ... ::.. .. ~·' ~,> \;,;/'.\ a :;..>-... n : >> ::...<,~ -:Si">i ~ ·t ... ~, ( c~ ,>i ~ nn~~ nr tH:Jh s~d:r=--s. ~H1t:~ th~~ tF)fnus r:~rHrric ~Py:r~--· ~s f{~ .. ·n,~y·-t ~,y 

/\.~: tz ~;•:...~:c:n:...}:.1 ~v,~v~!r·---, (>f the ~ff{~:S·t~nt lnv~~ntlon\ the ---arnnuP1,~ of n;~1~10-... s:era"'} .... jr p,:.; .. ~<dtzi\ blnd~ff\ sh:?bW....-:t=----· and pore ... -ff-.. .. -rnintJ 
soht~Hit in th~~ sh..~ny ~~r~~ 9··1 pa•rt-:\ ;.1_,.e::; p-Brhs-. ~V'1~i. :and :) 5 pt!lrt-:\ r(~i!P~~r-t!v~~!y. 

~n th~~ pr~~S(!nt inv(!nti<.ln: thf'- fh:rkr~(~s~s nf th~~ rv ... tf>P~ t'(=tr?:rr~c h.syftr i-::- t-(?nh"t,HP(S ~NlH1i~-, tht~ ;:~bove n~H,G(\ \-..~hir·h ;n-1pr··-,,:~~s Hit~ 
;j,~:pJitf f~',:}f~)~it-- .. , t··ap::u~\~y t)f v,e pc• .. C':t:$ ct::-.rtP, .. «ir· r:1e~rhr;::1ne i:P)ti :~i~sn ft1r· .. f1t;r ~11,prt)Vt..,_~, ~he $~:)ft=-:ty pe, .. fcr;-..1-~)r't''e r:f' the b~~very; i·ht~ 
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:.\s ti preft~rred sc~qH~n cf ❖he r•""t''V1tF"«t irver:tir_)(\ n-..e r,~r:t)-.t;:e·--z:sr:•i~-.. f>O\&'d-=:.:..r 1~, C>Pt~ t)1""' ~HVt) of /"';J ~) c> ';) (?r F-3·nsr, A that ~--H~S bt~(~n 
narHJ--tn~Hited t~nd rnixt~c~ in t~ny rz~t!o. 

r~.n ~i i::...h~ in -..1¼:..~:.n lo irnprov(~ t~·1e adht~s!on of tht~ porous e.~(~nunk~ ~z~yer. tht::- i~P..~(~r.a<.le r::o;l::,:":vksr v~:~3i:Jht of H·v~ ;:tt;:.=shi!i?cr sntiii::-1'' 
ctNt:sns:.yrn~~U--y! ce·Pul~,s$~ ts~ :~ho~f· f~~::{}.(300 to nc«· .. .__,n.~u>} lh\=-- c x.-~a~..-.-• si\)i-:. t ut t ~:n: \/t n· .. ~ .nh=--~<~h< r'.v~=-- p<"'·y t..r_(._ ~c ·s: ••1;--ic lo 

~n th~~ abov~~ rn(~th(sd 1 as ~i prt~rfi~:rrf:C~ t~rnbod!rrH~nt, th~~ terr1p{~f"i~tur~~ of th~~ ov~~n in sti~P ·1) is 80---t~(r'(\ fH1d the b:~~ting tin1i~ is 24---
3:t:~ ~~ .. ~l-:; :.~; th-..s ~i.:n ;;.£~ sp~zc)G It; -.~t:..:.p .2} ;s ~: '{)0~-DC0u\1 ;;~\ i:~nd ~h~~ ~i.:n ;Hf~ ::.:)i:~t .. ~i:,)n ·t;n1Q L.3i f {:h 1 f=• .... -/h, 
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C!ornpi~rec3 ~vith ttH~ prior Ent tht~ bt~neficli~~ effl:.ct of UH.~ pr(:.st~nt !rn.n~ntk:::n il~ thi~t H1~} por(:.-.. fonrdng Gt~n:u-n!c !soh~~tion rn(:.rnbr~Hlt~ of 
th:r'.? ~~U-.. !vn:::- inr b?ttery crf Hit~ pr~:.s(:ni· ir:\n~r:tion rcf·~rrrns thP cE-~ .. ··v:-..~c sk •rr'l. ·:vvi th~, prff~;----r~1nrdr:9 ct~rwrnir, brtye~ .. is ~,·u1r~; cr,r:d1jcivt~ 

Tl1~ !nv(=snt!on not on~y irn;)rc,,/r-"i:s the ~:;:~~~ty· ;>t~\,..,1L1:frs1ce of tt1e b~lttery= t1t.~t d~so ~1chk~vt~s th(~ p~1rf~)n•-r,::n,7~ \\;-;¼ , .. annoi b~ 
act1~~:..v:t~d by H--~~ t?:?t~-~~•--y ~-.1~~tje of oni~~)7ty i.--.o~atinn r:~rr .. 

r--.·i~iun_=:= 5 is :a s-cht~n\w~·lc dit?On~rn fho,vino ·fr·,~::. cy,r1>'p•-:u·lsrw· cf eb::.rtrorhrt,nilc- irc,n ~h.H1t~tlH d bt~t\-\f(:S~Hi th(=:= por(~----fbrrn;ng t .or?. 1~ • .... 

;s•.Adt;,.1n n):t:-nibHint: of ~L,1 present inventit)n and the ordint:uy i.!-st'\f:)tir:,r rnen:bn~ne~ in ~vh!ch (c) is the rn--d\~~1:ry i$tJ~at!on 

rr,e•P~bra---,~-- ? crs bo!~l s~ti~":3. Th~~ porous cerarnic ff~i~fnbrane jq, f~)NYlf•d by C.t.)dli~1S:3 -!$ sL.t.;y c.un;s~~;h:.,\] ;; .. ~n:..)~·-. .. ,~!L.:~rnk~ p:..)~~:..R, .. ~, a 
pona--,ftJrrning so~vent ~irsd ~i bindt~r-: and thi~ ~~nlt)urst~ Zlf ni~no~,ct~rarnic ptJ\.-Vdt~r1 pon.~---·forrn!nt; s-oh.n~nt ~uid b!nd~n- in tht~ s!urry ::.~n~ 
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r~~spectjve!y !n parts by vvsit~ht hCs•<:3 ¢'';_➔~ '3 :.../ -,a~ •Q t..>~~* ~---~:,.: pc:w;\L~~ _1-t;_r; ~> b, o·· ',~:nck--~) : ..... ~ S ;'vf"S t;.:'vtdb:h'?. ~~. :.: ...... x parts c~-f 
pore----forn-iing sohit~nt 

2) SR~hj p111,:~~~£n:nksn. T\nkf: q~~-7~; :J nf srviil:•·1-, r-nrbcxyrnp-~hyt r~=.Jl~,;t~,sp s:o~t,.=·j\~y·« \~~ith ·i ..t)~·h s:o~ki C(tnt;~ . .-..t. adzi 30(: G rrf C',!;inr~j70t~ 

\~'i~ti~r. i~nd stir for 30 rnin at 800 rhnin; thlH1 £~dtj ·1-44 ~~ of nano Gt~n~ur~ic po\:vdt~r frorn st~~p 1) i~t 800 rlrnin Stir i:lt tht~ s~H~t~d of 3h; 

ft~d h:b: th~~ h--·1~ugh frw h"·i;7~ CtH?tin~? ;?~"«ti d:--y·~ng A-fb'-r dr~/n2, tert itu'- tbir+T•8S$ ar:d ;:V'&,~1t d~~r1s~i~y until H"':t' c?d_:•ff:d·r:,erd· !Y'l~?ts i·ht~ 

fl~quir~~rrH~H1ts, i$nd tht~r~ sb~ui ttl cr;~~t th~ ~Jurry or1 th(~ PP iS!)!~~tic,n fHrn substr~~h~, 
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3 ) {:;~.:lrdint~- fl~h· :3 thf• rn~1~;~1in,~ s,:rv~ r1~:.at up the ovi~n .. ~rh,~ ts~n---p~H .. s1h,n~ of ~=-:~eh t-:;?c·tl~•)n c,f thf• Cf'i=:Sfing rnHr::hln~~ :s cr,--1t--·,1tt~vi 
\:vithin tht~ r;1n{](~ of 45 ..... so~•c:. The tt~rnper;:1tun.=:= of (:.~~ch $t~ctk1n of tht~ ovt~n ls ~sradu~~~~y lncrt~r:1t:;(~d frorn fn:int to b~~c~f'. the s~uny is 
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t!rne. 

a ::hn~vs H--:,i· lk~:.. poq~--fofrc:r,g r~~r~~:ni-:~ /~~n~~~tiP"'l rne·r::bq~.-\~~ of i'flf• pr~~*~~nt inv~~ntiP"'~ h7s g·:>od ~i---1uid :~h ... u:--·rti-:,:i fH~rfof·rr1r~ncf~ ;~nd 
lQn pt~rrneabinty, U1at ls) it fu~s ~iooti t\.~ettabmty. 

Tht~ fon.~~so!ntJ t~n1bod!rni~nts are on~y pr.::.~f(~rr.:tH1 .::.~rnbodirn.::.~nts of tht~ pr:t~st=::nt !nventi~Jn 1 ;:=ant1 c~innot t)e ~JS(~d to !lrnlt th.::.~ scopi~ <}f 
pi 1:)'t..S::...lJ:....-H ({Lr:~ ~H :.)=b~S:;h ;;,\:-:.:{ :i;r .. ztL /',dj iq$~.sLs~a.1t:..:~i '-.,:1~.£:~:..Jc& ~~d ;:..) --~:..~l:.s~i~Mtksn~ dk~d~: t3y L r0$(; tkiii:..~d :.1 l; i:S ~ .. :.. ~ :..;;. ] n:.) Lk~'.biS o~· 
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! nt~ P'-?tt"> ft:. a ;inh ~:P< ... Fnic ::-:H} ,d\n; rne:rnbn:v)~3 for ~!thjurn•---ion b~.;tt~•:.ffl(~s ; ,.t .. G! ('nfJ to "- t 2:s1; ·1: \,vhca~ ·s1 tht=:: di d\.A.a itD ,/~ n.dfF\.__, 

:., ~i vq,'c (z..>'••-.\.!.zd~ L.",;z.!-:th, st..:Ju·~>: . ~•.Y··~ por~~-.. forn:ir:g r::~~ltn:t in tht~ sh.ffry Hn:.-. 9-1 pwd"s, fi.fi ;k >~: ~~r:d : ~--~~a~sj tcsp-:.x:.d\:-:.J~f. 

4 .. 

T;1~ ~-•-U,<·J,,L1:i(;h \,:.d< 1s"....-.e(..1>:';-'>s 1\.h ··i~1·:;-n ·on (rn~\h'it~, ... { -,./\\..;(··nc ~(, ,id,J! •i~ ~vh.::.=:rt~;n th~~ so~jd cont~.Hlt oftht=:: sh ... Jrr~l !s 25---­
·,n:.\'c_ ;:.-sr-:.-1 }h~ vi:V"l?Sity r,f ·=+·e •dt1rry ;~-.. 40,,!}Q ""'ft$··<;. 

T\v? p1·)rf>:---•f•·)rrr+·•:1 cerz~rnic k~<JSwH·:1n ~1'-..(N)"lhran~~ fer PU---!ptr: :nr: b··.;ttfff~~?s-: •rtr·c~)rd:r,g 1-0 cbsirn ·]) ~vh~:rf::,l--1 th-=~::- pcN~-.::!c..,.,,·«h:g so!Vf?r«t is 

t~tf'yi t~t_;€t•~rh~.?: H~s:.-. hin~ffir is poty:?c:~y~:~v~. at~~i t;"':r sh~t?:li7+~.- ;7 c:~:tn~_:~ry-:-.1t:_..thy~ c~:.-.;ki~os-t~ :;..,.n:ii~n\ _ 

1 .. 
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t·<·-~~ry f'1JfP,d•r?t·...-\\. /'•/'.:f..= l~i:f.. ,·~ ;...,·---!~...i)l •• ... ~ ,:·s:v . .._. ... \n>:i :j~ ;";f}i)l .·1~-.: s·•H~:"li ~ ~ ... t.-~""~,:-~~o ':,.) Ht'>~Ytt;' ~d~.-~ ..... th~~ r,ht;~ir1S?d ru~--~G t-.,~r~i:~~ic 

po\-vd~~r !:s.- :~dd~~d ~~nd :.~t;.: eu\ ;Jh2: b!nd€;r ;::~rd the· p~·)r·e---.'e:p---·~ir~g so~vent ~~r~~ se·qufi(nt!H~!y ~~ddett ~~nd the st~rr!n~~ r~~~~ctjon ~~~ 

c•t)t,ti ~ 1~J(::•J ~ 
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(22) 1$1 if 13 20 I :t 08. 30 

C74) 1ti1Jftl.UJUi;J r' fH h il\~;fy l:<: f"j :JJ vi'UiBib: 
I 1¾- }ltl Ad~: .l 44288 

(51) Int. C!. 

HO!M 2/16(2006, OJ) 

(54} &llJ'lZ~,t 
• H':1! ;@1· f ,t htii!.t fLPW 't~M1 \\;.iff4Bz Jt:%~ iftfi 

(57; 1tsi~ 
4~000HT-#~XYt~ffiRNn~~ 

mL ·\'.il, Ni F#J ;@mm Jt ,H < Wi :i& F:% f,~ )11;;1 J;{+.t fft i.tii\!Z}x'. rrii 
i'Bt 11sn t +1Jtic1 wuz, ;'fjf ¥ ~U~J 1uz ra~tt rrH 
~*~*~-~¼~U&~~ffl~~~~*DA 
[% r~;U~Jf HJ-_Jil'&:, ,1.itH 1!1 ir\1 ¥P~4i'i:-¥.;} ,W1Mrt:J, 
t~t ¼.: ;~ij ti }:Z JrHL ¥# j'fl)f}'.J HJ Wi: l:,,l !ti: M: HHJ ';,}!!)lj ,;;J : 

ii½ l PiiIYt :f-;} 88 ~H ffr, iii>dt :fff (fr 4 (t :i, ttt :;g .WJ 

1--1. 5,Ju1ltfi:ff:J 2 ,1 fi'., +.:<.t?,,JJNd£fr}fH/i.lTct~. 
~lt.:lil {L ~i:'J Wt M~ ,% J@t@H i'l !i~H it }t :iW t~htt . J@ r% T 
rtUiri\\~{§lf?;J 11&1t':il}f/'!'f. fk:fr.f<rJT-rn.i'ti TG~~lft, itl,~11 

f 1{iflh rti l{Lf/Jifi& ll1J{!.Rff m:, itf jjj\ f ![~;:i±l f]<Jtiff:'/5io 
HJ lV . ik t'f I ih r1<1 JR.?\ ,:ft M tr~ x. JL r-~B 1-z: Mi ffll i+~ r 1~i,1 

•11•1•1•1111111111•11111111•1111• 

(10) $i:l!f0:;tff* CN 10Jf74602 A 

(43) $iw0#5" El 201:-i. 12. 25 
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1. ----- :.f1f, 0m. i@i f 1rr itl!: ;Ji 11 ff'.tN rt ~{}; t}J 1M , tt :/\fr Pt ft; iwi }if :J';j , Jt lti; ttr f E r : 1J>r :ct ~{i it5 1J1 .i'i~J;J 
/j\ iliJ di.xx. rnr ~;jt {jj 1J * -f L :tw 1.t: n: ' Wi if J; JL fltij tt _.If lli)fil H: It 1f ¥[11 * [l1ij {t{~}} ' .i:lli JL #f JriJ ~J }}:_ W.i 
M\ WUrYJiJKtli\r: tti'i'.E~t ;ilil W41it:J4 L. ifo r1x_, iJU:H >f, i'i½ ',t~µ,1y 1Zt'i1, Wrtit'1JtLl l'J /.U2{L:r\1;itLlrlfJHj M l'J 
m:m:ttil·5})11.:)0 :t~~%:ffiJWtiii si:HntL 1Mt1J:ff-1Hfr :1-6. s, :¥..tnt:ft1J 1 -1. 5 ifr, ;J1(fL#rn1J 2-4 ifr,; 

2. Ht.!1KtY.f-Ll'£i~'K l }')Y-:l&t'fHHUlii f 11:!}ili:YttfLll'l1BiYiJi'iHf'dl~, JHJH1I(ET :JYr:i1Hitfl-rt1 ttri( 
Pitlf~:i}i,-hl1t1;;1u,t~tztffLl,J.rrJLrtHMt1nHi5t}}1J:.:k191 fo',5. 5 t;},1 m·,2. 5 m·,, 

'.3. ;tR:tM }SL :.f1J iJf _;ft l Wi it 1'i<11~H ;~1 f fli i'ti!:3ii JL ~i"W 'kt f:M il~ HM , ll *l'1iE-{E f· : JYiJ£tlt (jj (J';J p; :fl 

4. tH JJ# W. lLl JI :R l .Wf H~ ~(J tm "{R\ f ill, Hh iii JL fiig fl.~~{ lit .m , JUW tiE {1: F : JW }:£ itt M tml fr Et 
JJ 2::1·-<HYH,, ;5(H'¥h.f:!t JJ ·Hl '50mpa • s" 

n. trJm12t1JIJ2At 1---:31r -xu1Wr:i&ft1rnr il~ T Fflitt~:i.rrlL!liJtt11M ;miJl:~i. Jt:ti't1E1:E r =Niittt1 
)ft\!tq1fr:#ItJ.Jf&i'Hr11iZit!d:J't\rJ~J Alil:, rtk BaSO,, '+11}1- ·tr\1rJ~Wi1111 k:J,fE;{tlt~rn-fr" 

6. Hrn1; tx ::f1Ji1Z .'}t 1 .:~.lr±J~ frtl tf:I!. }~· f rtU!.\61:i: fLlfaJhl;~ JrM ;,irn~ ' JHHiE :trr Jifr;fxiliJL ffHfLl JJ 
Z.Jt%l O~~ ; tfr;r£ lMii :~IJ 10 W:: jAj J:fi"'diiz~ij, 2r1:J&iti 5:rD'iU YJ l~ 91 Ji~ ?Httt{ '1'1½ " 

7. +R!H+xflj iJf .f: 1 Wi j;f (tJ tit\ ;@s f 1tit!~.iili.{L/W 1i1 IWi {r1;f!ti. Jl4\}1JI-(E f : /yf :t-£ FA~ lff J!¼}it 
ti 11 % JL !¥J. H~ ~~x ~t J!R PP Fi, P[ .ff&% j~Q: PP/ PE Si ·fr I~½ RN1 I~ 111 ffJ • t11', Iii% 1'i:'!i nl<'! :Rt H t'tJ {L f\Jsz if. /J 
4(b'ii' 47%,. 

8. ·fr/1~11~:Zlf12:R l --7 ff- -A~Wi:):£r1(Jtme1i f rtiJttijili:{UfWW1jr1% ?atilt{ tft!Vitii'i hrt.. JV!HiE 
A. fJl;J:J:!';)f-Wlimf: 

1 ) ~Ii~ fUr½ * fUlt :PH : ~1-1- jI&J zfi:JtiLhJM-;t~~ :*: ·ft JiJ ;ttWt ' .cl ft/'fi ' N1f ~ t'r~ fr½ * [lJHk ta ti HJ ; 
2 ) :lit *4-fh'. Jtl : 4:& r~t J:Jt lt M tt 1:8 ;;t AU }J[11J: {fj 11 }1 !i-i"/: }G' hl1 A f.H Jiti t'iJ tr~~* ptq Yft t;, tf£ 

J'f, fit: ;;,dJU ), 1?i nr;1LJliU:ili: fU:trn·1J . i11lkHRt:t'r· I~ rN : 
3 ) i:JJHji' : Jht\. t11i ,:~;j{ftf;i" tn 1'.1½ •JJHlW' :JJHfa :£ FVA r1tt1J.Ja .fi ::f; 1:tl if::i i!il\Jt.t ' ;j:tf"JfD!4 Jr A tlWi 

,ti i'.J; .:fo lr !Wi }:ti tt'l )jk M fYJ Jill. 11li f~.~ )ix_ l!l1 , ;ijl~ T f!i] fix , 
9. WLWl tl-¥1J W5 -4t 8 }Jr J& fr) tm it5 f rli iLttc8: {L ~frJ lz f;G~ lie~ ffr? f1{] iit ;{Jj. /-y ;>J.:. tr tl tiE (E f : ;J; 1* 

1 )iJ1:Vl~tfH/Ji/lW£J1 80-90'C, :tJUJJ!HfirJ JJ 24-'.sn iJ',HJ ;tb1tW 2)rj1J}\UlJ:ili1:\t}J 700-900r/min, 

:ttMl:Lszli\UHfiiJ 'h L :3 .. ·2h,, 

1 o. iRWl-N.:.f:1JJ£,-J;: 8 f:ilri£riJtUlNil f 1[i;'tt.i&fLil~jj5&\:flf1~ ;~irJr,tffJ/t-:fl:i ii;'}~. Jt(r1}1lf tE F : tbli~ 
:n 1l 1 ;~tWf~;>JHJ~mUt·;'t1:J!.V0 ,15-50T.10 
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~7t-::-tm±t 

E 0001 J 4,:: .1x. rtr1 ;:J /ttrff. tfil; f rg ;1tl!, tJL ;t::@f Ji:£ , H f¥fU l./t.. • •• {rrrn1 ff£ f r:u itl!Jili: JL rilil Wf:.II1~1 /fil; Jl~ & Jl 
r:1t ijJ /J i't~ , 

~JJ~# 
[0002] f1°l1. lt!iili1YJ~i~lti\J"~:kt::t1i1tU4:.:1~\ pq ft rg~fu v~ rni:lh}c:f''! iMJili.1&1YJ. Jt+1 iT. ih t&Jt ['fl 
w~xmm~~~.mu~~~#~~A~~~M~~~m-~~~kw~M~~~~~ 
rti, f, ff. iillf1i f rr11t:HI, tEl1M 1'icW~I4J:Vi~J:-····Ji(!ltijyilJ(, ~,~ rb,ft!~ r[ 1 ff H·tlzJ5finxl;MN1i.llf4 flt¼ fi;J, 
J\rnt h, r:1: (,«i iMi.1i F ;;,r;; ft rt~I .1J {~~ mi- 1r k tt 1t. ;;.i, fit 3:lli h.\Z i'l! HL.: l'tiJ .k mi tn ni: ~\\. Jll nff ,} 1 ;1~ th i'lh 
1Y11::u"1::11 ,f-.l~Hl. M1:tff 1t'.ri1?;, r:tut11tur.i11 ru.urn~1H+j r:rrt1itt~Hiiii f ruifu fr) ,ii ;f ;r:;1trt'tlr, "ttnr:I 
+R~~~~RWM~~m~m~&~~ffim~.~m~~~~•~*~*·~$m~~ 
fil:l\~'tt ili {EfffiLJ\W k,, ti rg$tl~. 1J~ t1'GJ\it&rH, lEi\'i'i~tt·f, !f;i~fl:!SMJ§S,Wl!;((J!'ifuJftHf ·1iJ Clfii:ttF1% /ff\)]1/4 

'./E #,(/; r¥J 'tl i~ f)J ri~ . + UJ r~% 1:~; Jfr}l JK:hl" ;];ff ft fffi" ,1::: l~ .Yr r~% .iE Vi t~)\- r¥J ff fH , /''• lt .iE fh tun :k: m1 ;J:H 

[0003] )t Jlt!.!¼1Jt\: !W, ;i1 JWi)L:tEHi TitHX:~M'. iJ;, Lt; 1Mlu iY.J r¥i. h! dt :t )1: PP, PE, PP/PE Jf fr!% 
m~~~ffl~~g~~~~~~±tl~,m«*mu~~~w~~~g~~+*-~~~ 
Ht 1~ 1Jf ·tJt ·'./fWt& <• :ff fj(J iHrJ fdW }f)i Hit\ i'f r;tg '!ft: hi f1J IWJ l~\rnk11{ ;jsJ }it Z !'i:i] ;Jf] I\ m,; 5} f .I? .. ml~{ f/;f~ H~ 
ttf1t/r !iti%, f!l. 11ii'iliftJ/?/; hfil.11:frif;~f~, J1!11iJ1L[;(.fr:Jftlr~CF{!t, ?i:.<rt't t11t+1ilW, 11~ fill. 

~~fjpq;g. 
[0004] ),JI ~~;JJfUJfffi{;:;ft1)ifrJ~µf1, .;f,:::}/l}:j[j<J 11 [{,J{J: f:titfiJ: ;f:41ffff1½~ Pt!.itltli!iJUjftt[~%1~V; 
m,1, L) tff tr ~:l\ ft!i f fu t(J Ji'. ±: n. tte: , %} Hl -rt fit , f.~l hi tt fit , ¥ TL ;rw tt. rz: t'J(J *1~ tif tt ftt ki it 1m Ft1. f :tfil 
iff'tt" 
[ 0005 J 4,: .1x. f!lj rl\J 5} -Fl f1{1 {E f {ll: ft· -trf 

1 ¥fl_ /15 f rg iil~ iili JL !faj 1ft ~(,~ ;ifs H~1 r10 fM rf h f:t , iM Xa HI 
(t1 Jr :,7; 1r: lfE: ·JL /iJ f1t 1~1% if1i m~t , +:M ;% =~t! ;@; f itt itl~. f'1<1 }1~ :"'t: ·tt N~ ,. 
[0006] J,J 'yJ:li J~.1£ fi fi;J, .;f;.::f.i:!JJJJ~E?:Hj fj'.J H ;f:/f ?¥-/~!1F : 
[0001J ·····frf,imN,I •f 11.ii@Y.&fllit~ ftf;M flli. t;y{, HM·rM i'l~IWit}H::H. liFi ;if r;M flli ~Y,~}tMr)ft 1W£i£.J;,~it:i 
H; :frFff ¥ f L FftHfr hf , Nr i:.f: =¥ JUli1'J"tdJH Jl ill1 .il{t 1\ r1~ :i:J11'J fk t~i, :Uld'L il+WU lJ lUr!i tir WU 11iJ fJKt.l 
fr, {tiJtlf f[lk\ltJ:tH.trt tfi 1m r&, JtH rtri'.if.J *(!l'ii;Jit:Vii' ,jii-flifi:Jilj lU, }kt/i§}ifflj(i<J H] U), m: m: ~tr+" 'l:i' ;}I] 

),J :Ht>ft[)~HU:i1r 88-9:l f.fr, ti1ii:tf:ffU{1} 4-6. 5, f.21.'.itiflJ 1-l. 5 ffr, ;rJ!UL#rnlJ 2-4 HL 

[0009] n, :h .¥it~l}j l'flJ- ,fr\1f}tjJjJJl;J /r :WL ffr.iJ~=J?f *l 1t1 t1ir;.ftt\iJ 'Li't.1)!. Wi fifflJ' f&UtWU±ili:fL ithtU 
(J")Jfj J1'1j})}lj .h 91 1fr, 5. 5 1JJ, 1 H}, 2. :) f;} ,. 

[ 0010] fr :'h * ~)( f)j (J<J • M1 fk il r11 }f '* ' Wf ;~ J.rr {L ~~i! ft 11M fj{J =t -fL [lir~ ft Ji!: irJ fit Ji/ ,IJ J~ :'h 
'.HS ll m,, .4;:R)1fJ rt1 , ),t•:t-fUl~Wtft 1£ r:r) fi/3¼'.ti'.tli~{EL:iJn'E£lfil.Z. 0J. (HU it\\ tJU!W&':WAfaue.rntJJ 
riJ l\rJnJ, tLUJl ••• ;.t±1il:Nf T rt!,;ili.1'.(J.Y'/;.1~tt gt~ dJUili!iJtYr)& f JL[iiJ fUi} rh lJ.f:lf, 1J,!W rg;;th (Jif'.l 1:$: 
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lf N1: 5AH LJ r½. :t'Ii:ffJ r :3c i"''.M1"'?f) }.lf:~1<:J;JLftiJ fth'.JJ111flij~}ZVlV£J,1 ;l--4 µ rn, k1tht,, t 1f,. ft 
'.ft. ;M SAHL). L, :t •Jff H] f\}J)J 1!1NI, lfli}J?\ !f ~!if~_;,,};} tf[EU,it!!"i})'Jf _;:}t::tJLP~N'tt'.JZ-Jf.t!d?;fP}/ Vt 
p}I_,'J:,1 5 ~l ill,, 

[0011] ;kJ r l~~iM;\J; {)i ~j(J Lttn±t1-~"-Jf:0~. N'.rfi]}i:;:i'IJg:[WJIWj 1~"11.fQ\\Ji.li:JitWJ u WJ' fi:;/;; 4':'jjzll}J WJ 

- -Ni fJt.izkt(r/LXL Wrlt1t:r:1-tt1I {r NlY.:1 2:3---30%, Jt¥Hr'ifk.t h 40 -- 50mpa • s" ' 11:Jtt:4¥ttiJYJJ11WU 
(t fii: tE Jj:£ Rt lltJ lJ;J Mt, ff ;f lJ f ?1 Jt& it 11i trl t,J ik {fi /if rt :f!J t&J ~~J lit f)) };! iM ., 
[0012] 11: :h +: ~kz ,J] r'(J -:fft1{Jt:i& t'r'.J )J'$, P.ff;(f fitpK ll1W t'ttft :h Hftl~ ~Kit 1lLifJ{ ffJ Al/); n.li; 
BnSO; :! 1 r:1½ <M1 i!k;}fj,l\li bl ff:@'.lt/Mfr" 
[0013] {E¥'j}__f1J-J r{l, }9fi1iltdl,1+WU:!.fdn L irrL l~riW;ff(dt li rY1¥ffffij :i!:frH~I;;~!lh;/§'.HiJJl H 
A~ m -rt J~ Hll Wf -tt , f[ ;t:t fl- >]1 ~r;'-Ltl J[J $] , J1 &; _If,[ 1 J, , nri c~ i'E n~ TH :H( 1 l I ll ~t -f& Jtj, _'.fl. N1 • it ~ti? ~it 
JZ :t-2 mi JI} .. 1&?& + (i-t1 f1H Wi Jf:fL, J1t ~UM ;tt~- .ff~% iM fr nx rg ItltA\ , Y:J rg 1i1r: Rt l10 ti \JIL(tt 1Jf ct ti) }ill .D:1, 
Writ :~11 f:'.A ri=u :'f:,J Wi FZf 'tilH11i~fl, 0fr .l& M. )E ff U }J Jtj_ qi ,ttH Mt j\ t/1,, :ill· )Y r'f'.J .h T :!Al lli" ¥ {L MWift If? 
fi{J'.fr~·frk(t, rJr l£ft1;tffLlit~ qi J-;t;ff0ti:*·W11'fJ f J:1-1;,} fl:\1: 6::1 "'~· 100 Jih:Li, N1ttffLllt2iJ,J'.~1~tl1i 
lt1 'f-J$J-5} TW: h :30 -~ 120 }J ., 

[ 0014 J ff }J .;ts: Zi r;H !YJ -f111 flti!;; !'J<J/f JJt, Wi" J&fWi ii¾ I]~ n;-U J.; T i"L tI\z, Nrr1 ;:L J; fl ff-P/.l t1x ct JZ PP 

JM' PE W,{){l( pp./Pf; u r\~ ~Ni fl} Hl,t rji (tJ • -,~11 , 11M 1AH'~Uit+.-Htr:fUtP¥ :AJ 40% ~-, 4 7%" 

[001 sJ -:.f1f101Jlt'@!r f ~t H!drr{Lll'M-~t~~\~fft~H~\(flifi~;fo hU~. 1t 1: P;Jt;-11:[ tir1 f : 
r oo 16 J 1 ) WJ t"t i1½ .~~ 11::. :~ r:11 : )lif ~ti~ r1 Jili H ,fl-N1 ~t 1-t Hs· nt :tt· . ;::1.:Fni, it1111 11t 11½-* [Aij -WLt} i m ; 
[ 0017] 2 ) #Ct+ Wir; f~:J : Hi tm L j£ tt W1J ;IWEt JI! ifl j bi];!( ;?f (f(, J+--:Ettf .HI , 1m A tW :@J tYJ i'.rJJ;)f( !l10-'ift'H} 
NUL ·f1dJ~:bn l-...Nit\'fftlj:frHt:1L1WfiU, fW.ttJ'vHlf~fi\~ ; 
[001 sJ :3) lr;:{fj : JH/ilt ;~r;:.fffiILt1'.J:tJU{1, JJttm-&Hth\ it1J!f1J.f1 .r:[ h>'iXt ittirnUJ[. ;j-if JR't4JT .\fl-.h1li 1l 1 

y_;J; :ftH'E ~t}i /iii fjff /itH 11t ;~"j_ mi r()Jj)l. mY' J~ jJ rJt $fa N{ T· H!J r& ., 
[oornJ l-.3£ /j\L rf1 , fl h tltilli (iJ'J~ Hill /t-i, /iJY;tf;:Ji; 1J% 1) 'l11,MfHfJi&H~ h so 9crc. J:!+JtrH 
ft\J.h 24-:36 +trJ- d.bIBW 2) rH;il:W.iaiJJf).; 700-900r/min,fii:-ti'KJ{iUtJ(i:iJ)>J L S-2h" 

[0020] J~.lth"i}-: 1!1 • {t: J;JJ)LizUJ)::,); Hlli:h ~. L[;:!}Jt 3) ~MJUH 0- (fnlr1l.H[ rn: rni /J 45-50°C 0 

[0021J iHl ttJW.HH: -1-::, ,<t;:,J.r1n fr:rfr fit/x !-1Ur F : *'.,x ,tt1Jlr3£ftJ mr1'iti T rtr.itl!.i&fUKt{trn%w; 
~~HM~~~N~&Ji!.t,~R~~M~ff~F~M~~*~®~~m~ff~Y~~~~ 

fQ, i:t11 tm T rg~tl1 tt!fnif Hi1}~f:~HJJtt, SU@1N( T rg;:&!.lht\ell :J~f111ifJJ·t'.fL:)f ;JE.NVit1W ill fr)t-lL~'.iil 1?E 
'1iR(glf{k J rMtzh!li:fi1%NSn~ .t fhJll\~ff, )'ij~ {if r~rtJin1(HHt;tft ;f_fJ~~J t'fJ 1'.-,JNJJI_, :-4s:)x:qJ :,Fi£ l:rli'ii'iJ 
Fflit!!.MJ f: ±n f.ft, W1J rHt!zlt:¥Ll Wr ;@ ~i~ NS fff4 iMlrr 1tb fh ;1fuJ:;Lib f1J i'.~J /t tttf" 
~~] "FOOM*fflOO&n~~~hAM*~~~ill--*Wmfil~, 

M100i#.~,ij 
[0023J Ill 1 );Ji~'.MYfl ·H1 ~J~u"Oih.itffJi'Nf'iJ;k'@Jtl: 
~~J 002~*~~¾-#~~h~MM~~~OO: 
[ 0025] ft] '.3 1/;J PM t~ fWi :it H lj * '.&: llj} fiJ Jb fL i;~~ Wt JI~1 Hi [ib ~M m; ff!ti y), .:<¾:JiJ· tt' Jt ;j j ( n) J";_j I~½ iR~ 
MUfLH, ( h > Y011fJUtHz ~tfWM!tl ; 
[ 0026 J [¥1 ,1 Y.-J * it rJH'1t ¾rr-f L11fq1 •M: ~\Hi\ H#J'!t rt!56U¥1 : 
[0027] If] 5 )J *;:;U1H f{Jlili:JU!f0ft:[?UlHJi;Pj tf .iili!W1;@;IJHt1{J rl!, %Ht?:? wut.J lt::.:f ,4; lf!Jt r1 1 ( C) 
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;/;_] t:'f if] KWi Ii\ /Jt'~ , C d ) J;; JtdUl&J iili F1% 1'ii tlt ; 
[002aJ rll 6 'J,J %:@JWi1tc~fi~Lj)f,::'/l fJH 1'tJlffifL~:IJf.rtr;%Ptifff4 rg ([ff l& tf'.J;'.:Qffi]'tt.!'r0JKtJ\ ~Jl:t, Jt r[1 

( C ) /J )H;: ;@ l~;t NW ll¼ , ( f ) :'/:Jill JL fiiH ~it f\1% lit:!1 .llW: ., 

Jl{4'~Afn7'J~ 
[0029] .tm lil l Nr)j\,. ·f1l1?t"Jjfii)J:ct +~' *YiHJJPfrif [{\Jfilt! ris T 1i}i'!fiili .fLP11u{ff;~%NiH¼t. HNi~1ttj 
ft; l]R JiJi l , Hr ld'Ji% if,~ H!1PitH I lZ mh:&t {J;i :fr JqUY;tJ1z IM 2, /1,lji:£ j; JUWitMUfjifU:L\ :{f NPK 
[KiJ '§'i~'f;~' :tHL ifrffu ti iHVi tii f1-1J (/J :*l+ fr; 1n WII r&,. JiDH 1+1 tr½~* jlf& ill~ ft}' m JL rtfAU n :& tMli fj-lj !YJ 
.rt l::l1tUfl:f5Jit-+}5JU;t.1 :trl:f~pfi{l.it:tft 88--93 ffr, 'FMtHflHft l--6. 5, tAUtWLl 1--L 5 f5t, iili:fLi:ft'.iflJ 
2--·1 f5J., 
[oo3oJ tm ltJ 2 .wr,i, J1- 1+1 :;tlmifj .i'\ ,f 1 , Llth:z¥:1~01x:}11J.tr r : ¥t1rii1Hf 3£r1J.Nr1t1iM rA'; 
lJl;[Atti 1 ¥ril1/JitfriH¥JL~'ilUr/zJ£ 2,, 
[0031] lJ. f Jl-'¥?z l)j fljrj!~tm $;1' f ITI}ili.iufU~ i1'.~t~}?liftHfJJl f:·t<,tl1uiWu" 
[0032] '.>thTuWLl I 

[ 0033] • ;frf11:H ;iJ f l{i i1k3t:-fLllf1J 1z rfniHJJ;{, :}{-Jl11lh1 L). -r )hL 1M %, rm J-& : 

[0034] l) f\gfJJ1~*1t!1l:HL :*f Al)\ liR¥lfl~>Kft.n:~: f 8!5 C 1.J<Jtttffrt1 1JU:.t§' ?6h, Html' :ftjjilj 
ffJ iTg *~ ~Ziil fJ:.1:'ii #, JU : 
[0035] 2);lifltmca;rj :11'-ztoH\' _M: 1. 6% (JfJlt§UflJlfH:ft;}J:r½lffIW~ 9:3, 75g, vn-KtrJ; hK '.300g, t'.:J, 
800r/min (J<J~4l.iilit1:i:Jl 30min JiUB UllALf;!J~· l) 1}'.JN1%ffiNftt11 144g, L:'.1. 800r_./min tlrft.i.ffHJi.1'. 
:ft Jh :fJl].AJ\( 1.J;,j";tfh\1Wfflh 9g. )111}-.J'.b::JLtffti=UL~1tU.;Hm 3g, k'J 800r./min t}~$t'iill:f!Ut l. 5 ",' 2h : 

JH1¾tm::k-ft1i fJKU/f'6"iliDf.HMt:J-J 47mpa • s, ;Jk'fl·l\itl fr:m:h 27. 8%: 

[ 0036] :1) i'.1\ .:{ii" : litHMJL :t~ , }Hli:GnJJ~ tiL t1n't1 fJL ?r NffJitl[Q t;~ #)tit[ 4f> ,_ 50 C {1lHrn t*J , f,~ 

iWJ ?r H,Y, i11f.ii 1J.JG .ii t1AJJ Mi iHUt ; ;/1Ht:¥HT Allff~ rf, , i±HY UUt , JJff)G :rlt h' 17 ti;.fll aifJr1{t;WJ 
1st, n:tIJUlf \li:1}i:f1JiJJf;~kJl;, HMJ;l·%f-:Jft.44$;fr~.:f!i':{E PP !Wil'l\K~tJlHJ:, 
[0037J 'i:hTuWu 2 

[ 0038] • f1H*!! ;~if 1t!}ili.J'2,JL1l;1~ ii: Ktr:c) !J!}t. Jt :lt .lil:Ui k:J, -F )j HdM tir WU fix : 

[0039] 1) pfiHi'tJf·1*it~JW :it BaSO,; 1Nt-lft·~-*;:1t!zlJltri f 85'(;~/J'.Itl)li41JJH~' 24h, LlJff/, 
fWi~lllJ½t1~:*[Y/r~-%'tf)} %-JH ; 
[0040] 2) Jf:.'fHlfc{fiU ;lflfiHJfrm: L ()\, (:1<JJ&Ef!JH+Ml:]{Wnrrn1 l2Sg,)Jlll~#YT* :wog, l::J, 

800r/min ffJt-{;.i.MiiUl 30min :1.!Lff)JIIALv!1\W l) 1lbfA1tWW&'.:iJr IS0g, L), 80O.r/min tl\f'i)J,iofJ'~l 

1'!' 3h ;.ti11AJW1tJ·LtJTiKl~~~ 10g, ./111Aiil.fl'Ll1tWUZ..\~QZJfo 4g, ~J 8O0r/min ttJ~'t.ilNHl L 5 --- 2h; 

[ 0041] :} ) ,\JZ l'ff : Wtl h\ tlL :#:'~ , JI J+ iM1, :r,_jJ~ fir, i'Jit {jj fJL ftp t'Y:J i\Lf_l)[ r;: Nilt:E 4S ~, 50 'C Wi ml l*J , :Kl\ 
1Htr FIJ: ))_ mr ylj HI .ii zJ; tilJ'liffol .11'£ At?#tttfT A:flttW ffl ' ilfi l.:iU,t , Jjt=j'. JiI :lit 1T )7-1:it :fln!H Wi Ii ;'.\f)!j 
tiL YtiLli//r\\;izjilrnhR}G, :JTtefi'iti>Ul{ih>fo'-{E PE !Wi /h;W/Uk,MJ: ,, 
[0042J '.i;h'fuWLl ;3 

[0043] - •;frpfJH;@J f1!1i1gY&-fLl~ft~/%i@H{f,Jt:Mjfil.d:t,:J, FhildM%,mi)x: 
[0044] l W~·M:H~:-K1tf/.tJHl :¥H~ill i\1::fl, l:::i BaSO; HnmNttfHL 11 1 : 1 lYJU:::fli1hft/tJGfi~* 
ft:1£tJm, f 85'C tYJ'/~t~rl 1:.tttJt 24 ·-" '.36h, tt(1ff], 1~Jf1J!YJffq;/(lWJ-'tt:l1J{i-lfi : 
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800rimin f'l~l~Jili:NUl '.Wmin ;XtH:L~!tJ)\)b1£W 1 )!'J<JtlkJ;ftp'.\Uftt;r 145g, f;J, 800r/min fl0t1iilHiliJl 
3h • .!JrJ} .. W.UJ:J'.ttfd~~~~19g, JJ1iAJfd'Uf;:;~;1JZ,~f&Ll,~1 :3. 5g, U 800rimin l'J'iJl'IiiliNl:Jl L 5 "-· 2h; 

Jl}j;t_Uft-ld@i f 1J(Ulf'11'3iDN ZWil¾'. J-J 46mpd • s JJ:.N fM tt t¾'Lh 27. :w, ; 
[ 0046 J M>: ::ftr • -im ht +.rL J:} . Jl ;+ itA. :.tJJ~ -to-, t1z n1 In & w (t1 ?Lr1.UJ02;,: Mj11:E 4fi -~ so ·-c WI Jtl FkJ , JA 
1:0 ir f!iN~ fff f1J /Ef ~Jf t!} ift loll!£ ; ;Jtf :HL*3H'l- _A_;Jq •. :f"t~ rf, . ifrli b{Vi';, JJt T Hi :Ur h' H/tftHl Wi'}ff lt.t WW 
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Versatile single-layer lithium ion battery separators having nanofiber and microfiber components 

Abstract 

An insulating (noncondlictive) microporous polymeric battery separator comprised of a single layer of enmeshed microfibers and 

nanofibers is provided. Such a separator accords the ability to attune the porosity and pore size to any desired level through a 
single nonwoven fabric, Through a proper selection of materials as well as production processes, the resultant battery separator 
exhibits isotropic strengths, lows shrinkage, high wettability levels, and pore sizes related directly to layer thickness, The overall 
production method is highly efficient and yields a combination of polymeric nanofibers within a polymeric microfiber matrix and/or 

onto such a substrate through high shear processing that is cost effective as well. The separator, a battery including such a 
separator, the method of mamifactLiring such a separator, and the method of utilizing such a separator within a battery device, 
are all encompassed within this invention. 
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CN104871341A Versatile single-layer lithium ion battery separators having nanofiber and microfiber 
components 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

Technical field 

The present invention relates to an insulating (non-conductive) microporous polymer battery separator 
comprising a single layer of intertwined microfibers and nanofibers. Such a membrane can adjust the porosity 
and pore size to any desired level by using a single nonwoven. By appropriate selection of materials and 
manufacturing processes, the resulting battery separator exhibits isotropic strength, low shrinkage, high levels of 
wettability, and pore size directly related to layer thickness. The overall manufacturing process is highly 
efficient and the polymer nanofibers can be combined into a polymeric microfiber matrix and/or such a substrate 
by cost effective high shear processing. A separator, a battery containing the separator, a method of 
manufacturing the separator, and a method of using the separator in a battery device are all included in the 
present invention. Background technique 

The battery has been used as a power generator at a remote location for many years. It produces a power circuit 
by controlling the movement of ions between the electrodes (anode and cathode) to provide a power source that 
can be used to exhaust excess ions in one electrode without potentially generating electricity. In recent years, 
rechargeable batteries have been created to provide longer life for such long-distance energy sources, although 
such batteries need to be connected to other power sources for a period of time. In sunnnary, the battery's ability 
to reuse has developed even greater application potential, especially for cell phones and notebook computers, 
and even for cars that run on electricity only. 

Such batteries typically include at least 5 different components. The outer casing ( or container) covers the 
components in a safe and reliable manner to prevent leakage to the outside and to prevent internal exposure to 
the environment. Inside the casing are an anode and a cathode which are effectively separated by a membrane; 
and an electrolyte solution (low viscosity liquid) which transports ions between the anode and the cathode 
through the membrane. In the present and for the foreseeable future, rechargeable batteries will be used in a very 
small and portable device, with strong power generation capability to remain effective for a long time between 
charging intervals, and also for very large types in automobiles. Battery, such as a large electrode (at least in the 
surface area) that is inaccessible to each other, and a large amount of ions that must pass through the membrane 
continuously and constantly to complete the necessary circuitry, all of which contribute to providing operational 
levels Sufficient power for a car engine. For this reason, the ability and versatility of battery separators in the 
future must meet certain requirements, which has not been realized in today's industry. 

In general, since the advent of closed cells, battery separators have been used to provide the necessary protection 
between the electrodes that are not desired to be contacted and to allow efficient transport of the electrolyte 
within the battery cells. Typically, such materials have a film structure that is sufficiently thin to reduce the 
weight and volume of the battery device while giving the necessary properties mentioned above. This 
diaphragm must also have other features to perform the proper battery function. These functions include 
chemical stability, proper porosity of the ionic species, effective pore size for electrolyte transport, proper 
permeability, effective mechanical strength, and ability to maintain dimensional and functional stability when 
exposed to thermal insulation (and when temperature The ability to cut off when raised to an abnormally high 
level). 

In more detail, the diaphragm material must have sufficient strength and structure to handle a variety of different 
situations. First, the diaphragm cannot be torn or puncture during the stress of the battery assembly. In this way, 
the overall mechanical strength of the diaphragm is extremely important, especially as a material with high 
tensile strength in both the machined and cross-sectional (ie, transverse) directions, allowing the manufacturer to 
operate the diaphragm more easily without the need for rigorous guidance to avoid critical The membrane is 
subjected to structural damage or loss during the step. In addition, from a chemical point of view, the membrane 
must withstand the oxidation and reduction environment inside the battery itself, especially when fully charged. 
Any failure in use, especially in terms of structural integrity, that allows an abnormally large amount of current 
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to pass or the electrode to be touched, will destroy the ability to generate electricity and cause the battery to fail 
completely. Therefore, for the same reason as described above, even if it has a higher ability to weather resistant 
chemical exposure, the separator must not lose dimensional stability (i.e., warpage or melting) or mechanical 
strength during storage, manufacture, and use. 

At the same time, the diaphragm must have a substantially suitable thickness to facilitate the high energy and 
power density of the battery itself. In order to allow long-term circulation, uniform thickness is also important 
because any uneven wear on the diaphragm will become a weak link in the electrolyte path and electrode 
contact protection. 

In addition, such membranes must exhibit suitable porosity and pore size to accommodate proper transport of 
ions through the membrane (as well as a suitable capacity to maintain a certain amount of liquid electrolyte 
during use to facilitate the ion transfer). The pores themselves should be small enough to prevent electrode 
components from entering and/or passing through the membrane, but should also allow for a suitable transfer 
rate of electrolyte ions as described above. Also, the uniformity of the aperture and the pore size distribution 
provide a more uniform yield over time, as well as more reliable long-term stability for the entire battery as 
described above, in which at least the battery separator is controlled as optimally as possible. Uniform wear to 
allow for a longer life cycle. In addition, it is ensured that the pores therein are properly closed upon exposure to 
abnormally high temperatures, which helps to prevent excessive and undesired ion transfer (i.e., fire and other 
hazards) after battery failure. 

Also, the aperture and distribution can increase or decrease the air resistance of the diaphragm, allowing a 
simple measurement of the diaphragm to indicate that the battery has the ability to allow sufficient electrolyte to 
be present inside the battery itself. For example, the mean flow pore size can be measured according to ASTM 
E-1294 and can be used to help determine the barrier properties of the membrane. Thus, the stiffness of the hole 
itself (i.e., the ability of the hole to maintain a certain size over time and exposed to a set pressure during use) 
with a lower aperture also allows for effective control of electrode isolation. More importantly, perhaps such a 
pore size can limit dendrite formation, thereby reducing the chances of crystal formation on the anode (such as 
lithium crystals on the graphite anode). Forming crystals on the anode can adversely affect the battery's 
production over time. Electrical ability. 

Further, the membrane must not impair the ability of the electrolyte to completely fill the entire cell during 
manufacture, storage, and use. Therefore, at these stages, the membrane must exhibit suitable capillary action 
and/or wettability to ensure that the electrolyte is in fact suitable for transferring ions through the membrane; if 
the membrane does not contribute to such a situation, the electrolyte will not properly It stays on and inside the 
diaphragm hole and is not susceptible to the necessary ion transport. Furthermore, it should be understood that it 
is generally required that the separator have this suitable wettability in order to ensure dispersion of the liquid 
electrolyte on the surface of the membrane and inside the cell. The non-uniformity of the electrolyte dispersion 
can result in the formation of dendrites within the interior of the cell and on the surface of the membrane, 
resulting in an increased potential that causes the cell to fail and a short circuit to occur therein. 

As described above, dimensional stability is also of great concern when the separator is used in a typical lithium 
ion battery. It is clear that the membrane must provide a porous separator for ion diffusion throughout the life of 
the battery. However, in some cases, elevated temperatures from external sources or within the battery itself can 
cause undesirable shrinkage, warpage, or melting of the sensitive diaphragm material, any of which can 
adversely affect battery performance over time. As such, it is very difficult to achieve this during practical use 
by lowering the temperature level and/or detaching the type of battery from the elevated temperature, so the 
membrane itself should contain materials that are resistant to this high temperature and that are not significantly 
affected after exposure. Alternatively, the use of a combination of materials that are one of the fibers would be 
highly attractive, for example, to provide such beneficial results while still allowing the membrane to function at 
its optimum level. 

However, as noted above, the standards currently available today do not meet this critical consideration. The 
general purpose of an effective battery separator is to provide all of the beneficial properties in a single sheet 
material. Low air resistance, very small pore size and suitable pore size distribution, dimensional stability in 
chemical and elevated temperature environments, suitable wettability, maximum for allowing the most battery 
components to be present in as small an enclosed space as possible Good thickness and effective overall tensile 
strength (essentially isotropic), the ability to provide these properties is necessary in order to meet the following 
conditions: significantly reduce the possibility of electrode contact, but with controlled electrolytes from The 
ability of one portion of the battery to be transferred to another (ie, to close the circuit to produce the required 
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power), in other words, to obtain the longest maximum battery output with the smallest battery volume. At 
present, these properties are not effectively provided to such an extent. For example, Celgard discloses and sells 
an expanded membrane battery separator having a very low pore size, which is very good in the above­
described aspects; however, the corresponding air resistance of such materials is extremely high, thus limiting 
the overall effectiveness of such membranes. Sex. In contrast, DuPont commercialized a nanofiber nonwoven 
membrane separator that provides very low air resistance but has an excessively large pore size therein. In 
addition, the overall mechanical strength exhibited by these two materials is very limited; the Celgard 
diaphragm has excellent strength in the machine direction but nearly zero strength in the cross-section 
(transverse) direction. As mentioned above, such low cross-sectional strength requirements result in at least a 
very fine operation required during the manufacturing process. DuPont materials are better, but the strength is 
quite low in both directions, although the strength in the cross-section is higher than the Celgard material. In 
fact. DuPont products are close to isotropic materials (nearly the same strength in both the machine direction 
and the cross-section) and therefore provide a more reliable material in operation than the Celgard type. 
However, the tensile strength of the measured DuPont diaphragm is actually very low, so the user is also 
required to carefully manipulate and place such materials during the manufacturing process. Similarly, due to 
these tensile strength problems, the dimensional stability of such prior art battery separators is very unreliable, 
potentially resulting in an undesired loss of structural integrity over time when materials are present in the 
rechargeable battery. 

Accordingly, there is still a need to provide a battery separator that simultaneously provides all of these 
characteristics for long term, reliable lithium battery products. As such, although such membranes exhibit low 
air resistance and low pore size, as well as high tensile strength, suitable chemical stability, structural integrity 
and dimensional stability at the overall and relative isotropic levels (especially when exposed to lift) After the 
temperature), although highly desirable, it has so far clearly failed to provide such a valuable separator material. 
In addition, a method of producing a battery separator that achieves such a desired target level of quality through 
an efficient manufacturing process would also be expected, particularly if such desired benefits and 
requirements are obtained if there are fewer changes in material selection, etc. Highly anticipated; at present, the 
manufacturing method to this extent has yet to be developed in the entire battery separator industry. Thus, the 
battery cell fabrication methods described below that are effective and very straightforward are valuable in the 
rechargeable battery separator industry: the method provides any number of films that exhibit a variety of end 
results (ie, by improving the method as needed to achieve the target) Porosity and air resistance levels), in 
addition, provide an appropriate level of mechanical properties, heat resistance, permeability, dimensional 
stability, cutting properties and melting properties; to date, such materials have not been obtained. 

Summary of the invention 

A unique advantage of the present invention is that it is easy to manufacture by a wet nonwoven manufacturing 
process. Another unique advantage is that by merely changing the proportion of the constituent fibers used in 
the manufacturing process and appropriately calendering the produced single-layer material, it is possible to 
obtain pore diameter, porosity and air resistance at any target level. A further advantage of the battery separator 
of the present invention is that the isotropic strength properties meet the user's long-term use and reliability in 
the battery manufacturing stage. The ability of the separator of the present invention to provide both low air 
resistance and low pore size is a further advantage of the present invention. Yet another advantage of the battery 
separator of the present invention is to provide a particular non-conductive (and thus insulating) cloth ( or paper) 
that does not allow charge to be transported through the diaphragm body, but rather only allows charged ions to 
pass through the apertures present in their structure .. Yet another advantage is the high porosity of the material, 
allowing for more ion flow and allowing for the ability to maintain energy over many life cycles by allowing the 
electrode to be fully recharged. Other advantages include, but are not limited to, the ability to tailor certain 
physical properties by appropriate selection of fiber materials prior to layer formation, and the ability to first use 
all microfibers to produce nanofibers (fibrillated form) by high shear processing. All necessary membrane 
components can be formed from a single starting material. 

Accordingly, the present invention is directed to a polymer battery separator comprising a nonwoven 
combination of microfibers and nanofibers, wherein the single layer of the separator exhibits an isotropic tensile 
strength, and the tensile strength in the machine direction is less than Three times the tensile strength in the 
cross-sectional direction. More specifically, the present invention comprises a polymer battery separator 
comprising a single layer nonwoven combination of microfibers and nanofibers, wherein said single layer of 
said separator has a bimodal distribution of fiber length, microfiber The average length is greater than five times 
the average length of the nanofibers and the average flow pore size is less than 2000 nanometers (2.0 µm). 
Optionally, the present invention comprises a polymer battery separator comprising a single layer nonwoven 
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combination of microfibers and nanofibers, wherein said single layer of said membrane has a bimodal 
distribution of fiber diameters, an average of microfibers The diameter is greater than three times the average 
diameter of the nanofibers and the average flow pore size is less than 2000 nanometers (2.0 µm). Further, the 
present invention comprises a polymer battery separator comprising a single layer nonwoven combination of 
microfibers and nanofibers, wherein the single layer of the separator is in a processing direction and a cross 
section at 160 ° C for 1 hour. The directions all have a heat shrinkage ratio of less than 10%, and the average 
flow pore diameter is less than 0.80 µm. 

The separator of the present invention also exhibits a machine direction (MD) tensile strength of more than 90 
kg/cm 2 and less than 1,000 kg/cm 2, a cross-sectional direction (CD) tensile strength of more than 30 kg/cm 2 
and less than 1,000 kg/cm 2, and The average flow pore size is less than 0.80 µm. Further, the invention 
comprises a battery separator as defined above and comprising a fiber monolayer comprising nanofibers and 
microfibers, said nano fibers having an average maximum width of less than 1000 nm, said microfibers having a 
maximum width greater than 3000 nanometers, and The nanofibers and the microfibers are doped with each 
other such that at least a portion of the nanofibers remain in the gap between the microfibers. 

Furthermore, the present invention relates to a method of forming a battery separator, wherein the battery 
separator has a maximum thickness of 250 µm, and wherein the battery separator comprises a combination of a 
microfiber component and a nanofiber component, the method The method comprises the steps of: a) providing 
a water solvent; b) introducing a plurality of nanofibers and a plurality of microfibers therein to form a 
microfiber/nanofiber dispersion in an aqueous solvent; c) mixing the micron under high shear conditions a 
fiber/nano fiber dispersion; d) introducing a high shear of the dispersion into a paper machine; e) producing a 
fabric of microfiber/nanofiber material; and f) drying the fabric. The method also contemplates further 
processing steps including treating the fabric by a calendering process to produce a membrane material having a 
thickness of up to 100 microns and a pore size of up to 2000 nm. 

In this publication, the term microfiber is used to mean any polymer fiber having a measured width in the order 
of microns, typically having a maximum width greater than 1000 nm, greater than 3000 nm, even greater than 
5000 nm or even greater than 10,000 nm, up to about 40 microns .. Similarly, the term nanofiber is used to refer 
to any polymer fiber having a measured width in the order of nanometers, typically having a maximum width of 
less than 1000 nm, possibly less than 700 nm, or even less than 500 nm or even less than 300 nm (as low as 
about 1 nm). Regardless of the microfiber or nano fiber material, it should be understood that the width can be 
understood as the diameter, but in this case, since a uniform fiber structure is generally very difficult to achieve, 
the diameter can be understood as the average diameter. Therefore, the maximum width is used as the primary 
definition, especially if the fibers themselves are non-cylindrical, for such fibers, square, rectangular, triangular 
or other geometrical possibilities may be considered, as long as suitable microfiber and nanofiber measurements 
are present. They will all be within the amplitude range of the present invention. Similarly, the term insulation is 
used to mean an unmeasurable degree of electrical conductivity such that the fabric structure of the present 
invention does not allow charge to pass through the body of the cloth, but only allows passage through an 
electrolytic ion path that passes through the apertures present therein. 

Such a combination of microfibers and nanofibers has been studied in battery separator technology, particularly 
in terms of the ability to provide a single layer of nonwoven fabric of two essential components for such 
purposes. This combination is particularly important because it provides a bimodal distribution of nonwovens 
having a fiber diameter and length, wherein the microfiber component has an average length that is at least 5 
times, preferably greater than, the average length of the nano fiber component. The fiber is 10 times the average 
length, and most preferably 20 times longer than the length of the nanofiber. Further, the average fiber diameter 
is also a bimodal distribution, wherein the average diameter of the microfibers is greater than 3 times the 
average diameter of the nanofibers, preferably greater than 5 times the average diameter of the nanofibers, and 
most preferably greater than the average diameter of the nanofibers. 10 times. This bimodal distribution allows 
the microfibers to provide a single layer of membrane with strength, elasticity, permeability, modulus, tear and 
puncture resistance, wet strength, processing capability, and other characteristics that are not provided by the 
nanofiber alone. 

The microfiber component can be any suitable polymer that provides the necessary chemical resistance and heat 
resistance described above, as well as the ability to form microfiber structures. Also, such microfibers may be 
fibrillated ( or treated in any other similar manner, such as by plasma exposure, etc.) during or after the 
formation of the fibers to increase their surface area, thereby facilitating the nonwoven manufacturing process. 
Desirable entanglement between a plurality of such microfibers. Thus, such polymer components may include 
acrylics such as polyacrylonitrile, polyolefins such as polypropylene, polyethylene, polybutylene, and others, 
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including copolymers, polyamides, polyvinyl alcohols, polyethylene terephthalate. Glycol ester, polybutylene 
terephthalate, polysulfone, polyvinyl fluoride, polyvinylidene fluoride, polyvinylidene fluoride­
hexafluoropropylene, polymethylpentene, polyphenylene sulfide, polyacetyl (polyacetyl), polyurethane, 
aromatic polyamide, semi-aromatic polyamide, polytrimethylene terephthalate, polymethyl methacrylate, 
polystyrene, cellulose polymer (synthetic fiber, as a non- A limiting example), polyaramids include para­
aramids and meta-aramids, as well as blends, mixtures and copolymers comprising these polymers. 
Polyacrylates, cellulosic polymers and polyaramids are potentially preferred. Such materials offer a range of 
highly desirable properties that work in combination with the properties of other polymer types to achieve major 
beneficial results in terms of tensile strength, high temperature protection, wettability and pore size, especially 
with them. The nanofiber component and when it contains a micron-like fiber matrix. Such microfibers can also 
be pretreated with an adhesive to achieve the desired degree of contact and dimensional stability of the overall 
nonwoven structure after manufacture. 

In addition, microfibers can be selected based on individual fiber properties to provide a combination of 
materials to impart desirable properties to the entire battery separator. Thus, since polyaramids, meta-aramids, 
and cellulosic fibers provide superior heat resistance and certain strength benefits, these fibers are embedded 
separately (eg, as a wet component) or by entanglement or other methods. Be embedded. Such fibers must be of 
sufficient length to impart the necessary strength to the entire membrane and short enough to allow proper 
embedding (again, such as during a wet process). For example, the microfiber component may preferably be 
longer than 0.5 mm, more preferably longer than 1 mm, and most preferably longer than 2 mm. 

The microfiber or nanofiber is preferably a material that melts or flows under pressure or high temperature. It is 
particularly advantageous to have a component that melts or flows at a lower temperature than other 
components. For example, polyester microfibers can flow at temperatures near the melting temperature of 260 
0 C. In addition, the polyacrylonitrile microfibers or nanofibers can be flowed under high pressure and high 
temperature. Cellulose, rayon, aramid, and other microfibers or nanofibers will not flow at these temperatures. 
Thus, the combination of materials comprises at least one fiber that flows at high temperatures and/or pressures 
and at least one fiber that does not flow at the same temperature and/or pressure, which will enable the former 
fiber to bond with other fibers, thereby Additional strength is imparted to the nonwoven membrane. 

The nanofibers can be any similar polymer component and/or combination to withstand the same types of 
chemical and high temperature exposure as microfibers. Due to the size of the nanofibers, it is not necessary to 
subject post-manufacture of such nanofiber materials to increase the entanglement in the nonwoven surface or 
nonwoven gap produced. However, the nanofibers can be formed by high shear treatment of the microfiber raw 
material to strip the nanoscale components therefrom as materials conforming to the definition of the above 
nanofibers. Thus, as such, the stripped or stripped nanofibers will exhibit fibrillation appearance and properties, 
which may result in improved interlacing in the microfiber gaps in the manufacture of the separator (not to 
mention the same membrane). The potential for intertwining between individual nanofibers in and/or prior to the 
manufacturing process). In this case, the microfiber and nanofiber material can be derived from the same 
material, and the nanofiber component can be formed by removing portions of the microfiber material, which 
nanofibers can have different lengths and different cross sections and overall dimensions. In any case, the 
manufacture of nanofibers can be carried out in such a way that the components removed from the microfiber 
raw material are collected and used, not only with the microfibers that provide the nanofibers, but with other 
types of microfibers. Apply in this form. In such an embodiment of the battery separator of the present 
invention, any type of nanofiber can be utilized for such purposes. However, it is preferred that it may create a 
situation in which a particular type of fiber is utilized due to its ability to provide nanofibers that exhibit 
potentially beneficial properties such as high temperature stability, tensile strength, and the like. 

Although it is described that the "fibrillated" nanofibers can be utilized, a tailored nanofiber component can be 
embedded in such a microfiber matrix material to obtain a separator having a specific pore diameter produced 
by a wet process as a result of the present invention. Sheet. Therefore, the manufacturing process involves 
introducing a nanofiber component into a dilute microfiber solution, mixing it under high shear conditions, and 
then drying to form a resulting sheet. The sheet can then be calendered to reduce the sheet thickness as needed 
and further adjusted to the optimum pore size and pore size distribution present therein. The wet process enables 
the manufacture of suitable flakes by using an elastic flake that suitably disperses and embeds the microfiber 
and nano fiber components, wherein the amount of nanofibers determines the ability to fill the gap between the 
microfiber components, thereby The desired pores are produced in the resulting flakes. The calendering 
operation can relate the thickness of the sheet to the pore size, especially due to the overall tensile strength of the 
sheet after wet manufacturing. Thus, such a process provides a relatively simple but succinct method to provide 
the ability to optimize pore size distribution and size without inadvertently tearing, warping, and/or 
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inadvertently pressing or handling the overall structnre. Distnrbs its dimensional stability. Furthermore, since a 
simple microfiber/nanofiber/water solution can be used for the sheet manufactnring process, a simple and simple 
method can be achieved, and a method of reducing or even not requiring other chemicals to achieve the desired 
production scheme can be realized. Such pure starting materials and overall manufacturing methods further 
highlight the highly unanticipated benefits including not only the methods employed for the products of the 
present invention, but also microfibers and nanofibers and aqueous solutions for such purposes. The simple 
combination also includes the required battery separator materials that have not been achieved to date, and has 
versatility for a variety of end uses. 

Therefore, it is very important for the method and product of the present invention that the nanofiber component 
be combined with the microfiber in a sufficiently high shear environment to introduce the actnal nonwoven 
fabric while introducing the actual nonwoven fabric. The nanofibers are introduced as desired on the nonwoven 
substrate and in the nonwoven substrate. In other words, by providing two fiber materials in the nonwoven 
process, the manufactnrer should satisfy sufficient mixing and high shear conditions to best ensure the proper 
degree of intertwining between the different fiber types to form the desired Single layer fabric structure. As 
such, the manufactnring process potentially favors a wet non-woven process in addition to the high shear type, 
which is used on the surface to best ensure proper introduction and retention of the nanofibers in the microfiber 
gap. As the water flow in the manufactnring increases, very small nanofibers will be drawn into the gap at a 
higher rate than the dry entanglement method, thereby imparting the above gap filling ability. In addition, the 
higher the water level used for this purpose, the purity of the appropriate nanofibers intertwined in the fiber 
matrix (recycled water and excess fibers for further use in separate battery separator manufactnring processes) 
and reliability high. Thus, the resulting nonwoven structnre will exhibit higher uniformity in terms of thickness, 
porosity, and more importantly, pore size, and, in addition, as described above, calendering performance for 
optimizing thickness and pore size results. More reliable stability. 

A method after such a wet process comprises providing a prefibrillated microfiber of a pulpy formulation 
comprising, for example, from 50: 1 to 10000: 1 part water per fiber (again, preferably alone Water, but other 
solvents which can be subjected to a wet process and subsequently promoted evaporation thereof, including, for 
example, certain non-polar alcohols, can also be used as needed. The pre-fibrillated microfibers are treated in 
this manner to exhibit a certain amount of existing nanofibers (residual products are removed from the 
microfibers themselves during fibrillation, but without the entire mesh from the subsequent microfibers) 
Removed). As a result of the fibrillation process, the pre-fibrillated microfibers and nanofibers are pulp-like, so 
as to comprise a slurry-like preparation of the above water-based solvent having the obtained pre-fibrillated 
microfibers and nanofibers. The slurry formulation is then mixed with a selected amount of other microfibers 
and/or nanofibers (preferably also in the form of pulp or slurry), or only the initial slurry is mixed and the 
resulting formulation is heated to at least 60 in hot water. a temperature of °C, more preferably a temperature of 
at least 70, most preferably at least 80, wherein there is a very low concentration of actual fiber solids (i.e., less 
than 1%, as low as less than 0.1 relative to the weight of water or other water-based solvent)%). The heated 
dispersion will then withstand a high shear environment and then placed on a flat surface. The surface has a 
sufficient number of pores for solvent elution, thereby obtaining a desired single layer of wet-laid nonwoven 
comprising intertwined fibrillated microfibers with a gap between each microfiber. And nanofibers are present 
in the gap and on the surface of the larger microfibers. Thus, the amount of nanofibers added to the pre­
fibrillated microfiber pulp enables a greater loading between the microfiber gaps, resulting in a lower overall 
average pore size, especially compared to a single pre-fibrillated pulp alone. A wet nonwoven made. In contrast, 
by adding microfibers to the pre-fibrillated fiber slurry, a greater average pore size of the resulting wet 
nonwoven single layer fabric can be achieved as compared to a separate pre-fibrillated fiber slurry. By the level 
of nanofiber and/or microfiber addition, it is possible to target different average pore sizes, which allows the 
manufactnrer to achieve any desired average pore size. 

After the high shear mixing step, the resulting dispersion is fed to a paper machine (any type of paper machine 
capable of producing lightweight sheets without damage, by way of example only, for example, a Fourdrinier 
paper machine, a slanted net Machine head of a paper machine (Increned Wire), a vacuum net paper machine 
(rotoformer), etc. The lightweight sheet can be manufactnred by controlling the input of the dispersion of the 
fibers at the end of the head and simultaneously controlling the line speed. Regarding such a method, a 
mechanism that does not set open draws (i.e., does not support wet fiber fabrics) is preferred. In this case, the 
high water level can be mitigated by vacuum equipment, which is a common step in the paper industry, at least 
at the initial stage (i.e., removing surface moistnre to a certain level). For a suitable sheet product, a fine gauge 
papermaking web is necessary, especially for a gauge of a maximum of 40 gauges, more preferably a maximum 
of 80 stitches. The width of the paper (dispersed sheet) can be any measurement as long as the manufactnring 
speed does not affect the final result and the overall tensile strength (especially in the isotropic aspect) is not 
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lost. For efficiency purposes, the line speed can be set in the range of 25 to 1,500 ft/min, more preferably the 
minimum value is set to 50, and most preferably 100. 

After the paper (sheet) production step is completed, the formed sheet is introduced into a drying device. Any 
standard drying equipment can be utilized, including heated steam tanks or hot air stoves. This heating should 
exceed the temperature required for evaporation of water (or other solvent), but not so high that the flakes 
themselves melt or deform. Therefore, the drying temperature may depend on the material used, as well as the 
thickness of the sheet, because some materials can withstand higher temperatures in terms of dimensional 
stability than other materials, and the thicker the sheet, the more generally it can withstand higher temperatures. 
The temperature is resistant to warping or other effects. 

Thus, the manufacturer can also control the desired performance of the battery separator of the present invention 
by making the thickness of the single layer structure different as needed. Such thickness characteristics can be 
provided by the process parameters of the original wet manufacturing process alone, or the manufacturer can 
subsequently calender the resulting cloth to any desired thickness. Manufacturers can further achieve greater 
versatility in both air resistance and average pore size measurement due to the ability to calender or change the 
thickness of the resulting single layer fabric. This conditioning process has not been explored in the battery 
separator industry. The calendering step utilizes a general-purpose apparatus, and by way of example only, a 
combination of a hard steel roll or a single hard steel roll and a second hard rubber roll may be employed. Also, 
for such a purpose, as described above, if the material can withstand such a condition without any significant 
loss of tensile strength or the like, a plurality of calendering steps can also be carried out. 

Thus, the single layer separator obtained in the present invention may have a thickness of less than 250 microns, 
preferably less than 100 microns, more preferably less than 50 microns, even more preferably less than 35 
microns, and most preferably less than 25 microns. As described above, in order to prevent a short circuit in the 
use of the battery, it is necessary to be able to prevent contact between the anode and the cathode of the battery; 
the thickness of the diaphragm and the aperture controlled therein provide an important way to achieve the 
result. However, the thickness of the battery separator may also affect the effective volume of the other 
component portions in the closed cell body and the amount of electrolyte solution provided therein. Therefore, 
the entire situation involved requires a diaphragm that is effective in multiple variables. The manufacturing 
method of the present invention and the single-layer battery separator produced therefrom can be 
advantageously manufactured easily, and can provide effective desired pore size and air resistance properties, 
thereby making the progress of the invention and existing battery separators currently used and sold. The 
situation is clearly separated. 

Other methods of making nonwoven sheets capable of intertwining a combination of nano fibers and microfibers 
can also be used to make the battery separator of the present invention. One method is to combine different 
nanofibers and microfibers and combine them by the above method. Other such methods include carding, cross­
lapping, hydroentangling, air laying, needle punching, meltblowing, spunbonding, or a web that will enable the 
formation of intertwined microfibers and enable Other methods or combinations of methods in which the 
nanofibers fill the gaps between the microfibers described above. 

In fact, as noted above, the microfiber gap forms the "hole" itself, and the nanofibers are filled into such 
openings to reduce the size therein, reducing to a substantially uniform extent throughout the nonwoven 
structure. The extremely unanticipated benefits of the overall invention, especially in order to achieve different 
levels of porosity as desired, enable adjustment of the pore size in the resulting nonwoven structure by merely 
changing the concentration of the microfibers relative to the nanofibers. Thus, for example, at the beginning of 
the nonwoven manufacturing process, a ratio of 30% microfiber to 70% nanofiber will provide a pore size in the 
range of 700 nm to 195 nm, while a combination of 10% microfiber/90% nanofiber will provide effective A 
smaller pore size distribution (and a more uniform range, such as 230 nm to 130 nm). Thus, based on this 
unpredictable result, the end user can obtain the desired porosity by making a relatively simple change in 
manufacturing as described above. The resulting aperture can be measured to obtain an average flow aperture. 
The average flow pore size can be less than 2000 nm, even less than 1000 nm, preferably less than 700 nm, 
more preferably less than 500 nm. 

Further, it should be noted that although the present invention includes a single layer separator comprising the 
microfibers and the nanofibers together, it is also possible to use a multilayered fabric structure or a layer of the 
battery separator cloth of the present invention and at least one layer. Other different types of cloth, and this still 
falls within the scope of the entire invention described herein. 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 101 of 297

The battery separator described herein clearly contributes to the improvement of primary battery and 
rechargeable battery technology, as well as other forms of electrolyte conductive energy storage technologies 
such as capacitors, supercapacitors, and special capacitors. Indeed, by controlling the aperture of such a 
diaphragm of the present invention, the energy loss, discharge power, and other properties of these devices can 
be significantly improved. 

DRAWINGS 

BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an SEM micrograph of a prior art expanded 
membrane battery separator. 

2 is an SEM micrograph of a prior art nanofiber nonwoven battery separator. 

Figures 3 and 4 are SEM micro graphs magnified 1000 and 2000 times a potential preferred embodiment of the 
microfiber/nano fiber nonwoven battery separator structure of the present invention. 

Figures 5 and 6 are SEM micro graphs of another potentially preferred embodiment of the microfiber/nano fiber 
nonwoven battery separator structure of the present invention magnified 5000 and 10,000 times. 

Fig. 7 is an exploded view showing the lithium ion secondary battery of the present invention comprising the 
battery separator of the present invention. 

Detailed ways 

All of the features of the present invention and its preferred embodiments will be described in detail in 
conjunction with the accompanying drawings and the accompanying drawings. 

Production of microfibers and nanofibers 

As noted above, the microfibers can be constructed from any polymer ( or blend polymer) that conforms to 
suitable chemical and heat resistance and battery internal conditions, as well as forming a suitable fiber structure 
within the range. ability. Such fibers may further have the potential to be treated by fibrillation or similar 
techniques to increase the surface area of the fibers themselves for facilitating entanglement during the 
nonwoven mannfacturing process. Such fibers can be produced by existing fiber mannfacturing methods such as 
melt spinning, wet spinning, solution spinning, melt blowing, and the like. Moreover, such fibers can be used as 
bicomponent fibers at the outset and can be reduced or varied in size and/or shape by further processing, such as 
splittable pie fibers, island fibers, and the like. Such fibers can be cut to a suitable length for further processing, 
which can be less than 50 mm, or less than 25 mm, or even less than 12 mm. Such fibers can also be made long 
to give better workability or higher strength, longer than 0.5 mm, longer than 1 mm or even longer than 2 mm. 
Such fibers can also be fibrillated into smaller fibers or advantageously form fibers of a wet laid nonwoven. 

Nanofibers useful in the present invention can be made by several prior art techniques such as islanding, 
centrifugal spinning, electrospinning, film or fiber fibrillation, and the like. Both Teijin and Hills are 
commercially available island nanofibers (the island nanofibers of Teijin are sold as NanoFront fibers, 
polyethylene terephthalate fibers having a diameter of 500 to 700 nm). Both Dienes and FiberRio are 
commercially available equipment that uses nanowires for centrifugal spinning. Xanofi is a commercially 
available fiber and is mannfactured using high shear liquid dispersion technology. The nanofibrous polyaramid 
produced by DuPont exhibits excellent high temperature resistance, as well as other particularly preferred 
properties. 

The production of electrospun nanofibers is carried out by DuPont, E-Spin Technology, or by Elmarco on a 
device sold for this purpose. Nanofibers fibrillated from a film are disclosed in U.S. Patent Nos. 6,110, 588, 6, 
432, 347, and 6, 432, 532, incorporated herein by reference. The fibrillation can be carried out by other fibers 
under high shear and grinding treatment to obtain nanofibers. Engineered Fiber Technologies sells nanofibers 
made from fibrillated cellulose and acrylic fibers under the trade name EFTECTM. Any such nanofibers can 
also be further processed by cutting and high shear slurry processing to separate the fibers, thereby enabling 
them to be processed into wet nonwovens. Such high shear processing may or may not occur in the presence of 
the desired microfibers. 
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Generally, the aspect ratio of nanofibers produced by fibrillation differs from the initial fabrication of nanofibers 
in a typical manner (e.g., islands). One such aspect ratio is fully disclosed in U.S. Patent No. 6,110,588, which is 
incorporated herein by reference in its entirety. Thus, in a preferred embodiment, the nanofibers have a cross­
sectional ratio greater than 1.5: 1, preferably greater than 3.0: 1, more preferably greater than 5.0: 1. 

As such, acrylic, polyester and polyolefin fibers are particularly preferred for this purpose, and fibrillated acrylic 
fibers are most preferred. However, this only indicates a potentially preferred type of polymer for this purpose, 
and is not intended to limit the range of possible polymeric materials or blend polymers used for this purpose. 

1 and 2 provide photomicrographs of typical structures of the above Celgard expanded film material and DuPont 
nanofiber nonwoven battery separator material, respectively. It is worth noting that the membrane structure of 
the Celgard membrane shows a similar pore size, apparently formed by film extrusion and final surface cracking 
in a fairly uniform form. DuPont diaphragms are strictly made of nanofibers alone because the uniformity of 
fiber size and diameter is significant. These nanofibers themselves act as a nonwoven structure, the overall 
tensile strength of the membrane in the process and cross-sectional direction is very low, albeit fairly uniform in 
both directions. Therefore, although such a material can be uniformly processed, if such a separator is 
introduced into a battery, the result is that the manufacturer must eventually face other problems due to the 
overall strength. In contrast, the separator of Fig. 1 shows the streaks produced by the holes in the same 
direction (thus extruding the film in one direction), providing extremely high tensile strength in the machine 
direction; unfortunately, the same material is The tensile strength in the cross-sectional direction is very low, so 
that battery separator materials which are very difficult and questionable are actually used in the battery 
mannfacturing industry as described above. 

The material of the invention presented in microphoto graphs in Figures 3 and 4 has a completely different 
structure than the two prior art products (and based on Example 39 below). One potentially preferred 
embodiment of the initial combination of microfibers and nanofibers is EFTECTM A-010-4 fibrillated 
polyacrylonitrile fiber having a large amount of nanofibers and residual microfibers. The resulting nanofibers 
present in this combination are derived from the fibrillation of the initial microfibers. N onwoven sheets made 
from these materials are shown in Figures 3 and 4. As an example, these fibers can be used as a matrix material 
to which further microfibers or further nanofibers can be added to control the pore size and other properties of 
the nonwoven fabric. Alternatively, such a material can be used as the nonwoven battery separator itself. An 
example of such a sheet to which additional microfibers are added is shown in Figures 5 and 6. Typical 
properties of acrylic microfiber nanofibers are shown below. 

Table 1 

Aery lie microfiber/nanofiber properties 

As noted above, such fibers are actually present in the pulp-like formulation to facilitate introduction into the 
wet laid nonwoven production schedule. 

Non-woven production method 

The combination of materials is dispensed to provide two components at different concentrations and then 
introduced into the wet manufacturing process along with the two components. Handsheets were made 
according to T APPI Test Method T-205, and T APPI Test Method T-205 is incorporated herein by reference 
(basically, as described above, mixed together in a very high water solvent concentration formulation and 
typically used High shear conditions in wet mannfacturing, and described as "refining" of the fibers, ultimately 
placing the wet structure on a flat surface to evaporate the solvent). Several different combinations are produced 
to form the final nonwoven structure. In this method, only the initial amount of material incorporated into each 
of the sheets is adjusted so as to be adjusted so as to match the different basis weights. Materials and ratios are 
shown in Table 2. 

Figures 5 and 6 are also structurally related to embodiment 39 below. Structural similarities (larger microfibers 
and smaller nanofibers) are clarified, and it has also been confirmed from these photomicrographs that there are 
fewer nanofibers present in these structures. 
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The thickness of the cloth is measured and cut to a suitable size and shape for introduction into a lithium ion 
rechargeable battery. However, prior to any such introduction, samples of the battery separator cloth were 
analyzed and tested for various properties associated with use as a battery separator. Further, the following is 
reported in the present patent and Celgard product literature as a comparative example: a battery separator 
nanofiber membrane according to U.S. Patent No. 7,112,389, which is incorporated herein by reference, and a 
battery separator from Celgard. 

Example 

Fabrication of Examples 36-51 according to T APPI Test Method T-205 using Engineered Fiber Technology 
EFTECTM A-010-04 fibrillated acrylic fibers ( combination of microfibers and nanofibers) (as matrix fibers) 
and FiberVisions T426 fibers, The FiberVisions T426 fiber was a bicomponent fiber made of polypropylene and 
polyethylene having a length of 2 deniers and a length of 5 mm and a diameter of about 17 micrometers (as an 
added fiber). The sheet was calendered between two hard steel rolls at room temperature (~25 ° C) at a length of 
2200 pounds per linear inch Table 4 gives the amounts of each fiber of the examples, the adjusted basis weight, 
the sheet thickness ( or thickness), the apparent density, and the porosity. Adjusted basis weight, sheet thickness, 
apparent density, and stretchability were tested according to TAPP! T220, which is incorporated herein by 
reference. 

Table 2 

Diaphragm properties 

The higher the porosity, the higher the peak power output within the target cell. In theory, with such high 
results, by increasing the available power of a single battery, at least the number of batteries necessary to 
operate the necessary power levels of a particular device, such as a hybrid car, can be reduced. This benefit is 
also related to effective air resistance blocking. It can be seen from the following that the porosity of the 
separator of the present invention can also be controlled by controlling the ratio of nano fibers to microfibers, the 
type of nanofibers, and post treatment by calendering or the like. 

Basic analysis and testing of battery separator 

The test plan is as follows: 

Porosity is calculated according to the method of U.S. Patent No. 7,112,389, which is incorporated herein by 
reference. The results are reported in%, which relates to the volumetric portion of the membrane filled with a 
gas or non-solid material (when in a battery, such as an electrolyte). 

Gurley air resistance was tested according to the TAPP! test method T460 incorporated herein by reference. The 
instrument used in this test was a Gurley Densometer, Model 4110. For testing, the sample was inserted and 
fixed in the gas permeability meter. The cylinder gradient rises to a 100 cc (100 ml) line and is then allowed to 
descend to its own weight. Record the time (in seconds) that 100 cc of air passed through the sample. The result 
is reported in seconds/100 cc, which is the time required to pass 100 cubic centimeters of air through the 
membrane. 

The average flow pore size was tested in accordance with ASTM E-1294, "Standard Test Method for Pore Size 
Characteristics of Membrane Filters Using Automatic Fluid Porosimeters," using an automatic bubble point 
method according to AS TM F3 l 6 and using a capillary flow porosimeter. The test was carried out by Porous 
Materials, Inc., Ithaca, NY. 

The permeability of the diaphragm is measured based on the time required for a fixed amount of air to pass 
through the standard area under lighter pressure. This process is described in ASTM D-726-58. 

table 3 

Tensile properties and average flow pore size 
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Embodiments of the present invention show a very small average apertnre, indicating that the target battery can 
have many sub-charge cycles. In addition, the pore size varies with the ratio of nanofiber to microfiber material, 
indicating the ability to control the pore size. This is a key advantage not found in any prior art, so that with this 
technology, battery manufacturers can adjust the aperture to the needs of the end user. As a result, the 
diaphragm can be designed for power tools or automotive applications that have different characteristics than 
rechargeable watch batteries, cell phones or laptops. 

The tensile properties given in the examples are isotropic, i.e., all directions are the same, and there is no 
difference between the processing and the cross-sectional directions. The comparative examples show tensile 
properties in which the machine direction (MD) and the cross-sectional direction (CD) tensile strength are 
remarkably different. In general, nano fiber-based battery separators are very fragile. Thus, one advantage of the 
present invention is tensile strength, which allows for faster processing in battery manufacturing, tighter 
winding of the battery, and greater durability in battery use. Such MD tensile strength is preferably greater than 
25 kg/cm 2, more preferably greater than 50 kg/cm 2, and most preferably greater than 100 kg/cm 2 . The 
requirement for CD tensile strength is low, preferably greater than 10 kg/cm 2 , more preferably greater than 25 
kg/cm 2 , and most preferably greater than 50 kg/cm 2 . 

As noted above, calendering and an increase in the number of nanofibers relative to the microfibers will reduce 
the overall average pore size, and even further, indicating that the techniques of the present invention are 
capable of achieving certain desired measurements. Sheet production of the initial separator is carried out on a 
paper machine (indicating that it can be manufactured in such a simple manner), and steps such as calendering 
are also performed. 

Paper machine production 

Two materials were fabricated on a vacuum cylinder paper machine. First, for Example 52, it was made of 75% 
EFTec A-010-4 and 25% 0.5 denier/filament and cut into polyethylene terephthalate (PET) fibers having a 
length of 6 mm. Second, for Example 53, it was made of 37.5% EFTec A-010-4, 37.5% EFTec L-010-4, and 
25% PET fiber cut to a length of 6 mm. The fiber material was dispersed by a high shear mixer, mixed with 
water at a high dilution, and then fed into a front box of a vacuum cylinder paper machine to prepare a sheet 
having a weight of 20 g/m 2 and dried in a hot air oven .. The resulting roll was calendered at 325 °Fat 2200 
pounds per linear inch to give a first sheet having a thickness of -40 microns and a second sheet having a 
thickness of 30 microns. The shrinkage was measured at 90 ° C, 130 ° C and 160 ° C: the 12" length of the 
processing and section directions were measured separately, placed in an oven and held at the measured 
temperature for 1 hour, and the length was measured again. The shrinkage was relative to the original length. 
The change in length expressed as a percentage. The properties of the flakes are shown in Table 4 below. 

Table 4 

Film properties 

It can be seen that materials having both acrylic fiber (EFTec A-010-4) and lyocell (EFTec L-010-4) materials 
exhibit very good properties at high temperatures. For example, many of today's stretch film separators are made 
of polyethylene which melts at 135 ° C and exhibits significant shrinkage at temperatures above 110 ° C; or is 
made of polypropylene which melts at 160 ° C and shows above 130 °CA clear contraction. One problem 
known in the industry is that large batteries, especially for electric vehicles, can shrink the membranes at the 
edges due to shrinkage after exposure to high temperatures, causing the electrodes to contact each other at the 
edges, causing a short circuit and possibly causing a catastrophic thermal runaway. This in turn leads to an 
explosion. High temperature stability diaphragms are safer in these environments, allowing larger batteries to be 
used with higher energy per battery. Preferred membrane properties may have a shrinkage of less than 10% in 
both directions at 130 ° C, 160 ° C or 190 ° C, preferably a shrinkage of less than 6% or most preferably a 
shrinkage of less than 3 %. Further, a separator having a high temperature stability such as lyocell fiber, rayon, 
para-aramid, meta-aramid or other fibers can be used to impart a low shrinkage result when forming a sheet with 
other materials, as in the embodiment. Shown in 53. 
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Additional examples under different rolling conditions were made and tested. Construction paper on a vacuum 
cylinder paper machine at the Herty Foundation facility containing 27% EFTec A-010-04 acrylic nanofibers, 
53 % EFTec L-010-04 lyocell nanofibers and 20% 0. 5 denier/filament cut into 5 mm length polyester fibers. The 
material was mixed in a 1000 gallon hydropulper for 40 minutes and then fed into the machine at a fiber content 
of about 0.25% to produce a sheet having an areal density of 15 g/m 2 . The paper was calendered under 
different conditions, which are listed below and shown in Examples 56-60 in Table 5 below. 

Description of Examples 56-60: 

56: The roller was not heated, and in addition to this, calendering was carried out using the above conditions. 

57: The sheet was fed into the calender together with the second sheet of Example 56 to laminate the sheets 
together. 

58: The sheet from 56 is fed into a calender along with a roll of carbon paper (requires wt??) and then peeled 
off from the carbon paper. 

59: The sheet from 56 was passed through the second calender under the same conditions. 

60: The laminate of 57 was peeled off to form two separate sheets. 

The following two points can be seen from the following examples. First, the lamella of the two sheets gives 
more than twice the Gurley air resistance and a lower total porosity compared to a single layer. Second, the 
second calendering has the effect of increasing the porosity and lowering the graininess. Finally, the two sheets 
fed together with the other sheet have the effect of simultaneously increasing the graininess and increasing the 
porosity. In all cases where additional calendering was carried out, the tensile strength was lowered. 

table 5 

Calendered sheet results 

Wettability test 

Square Celgard 2320 was attached to Square Example 39, and a drop of 1 M LiPF6 in an EC:DMC:DEC 
mixture (volume ratio 1: 1: 1) electrolyte was placed on the surface. After 5 seconds, the electrolyte was 
completely absorbed into Example 39, and spectral reflection was not observed (i.e., different spectra measured 
at different angles produced a difference in the shiny surface formed by the droplets on the surface). In contrast, 
the electrolyte droplets on Celgard 2320 remained well for more than 5 seconds without producing a complete 
capillary action on the overall structure. This spectral reflectance of the materials of the present invention is 
highly desirable for lithium ion battery separators to increase the processing rate of the dispersed electrolyte and 
to ensure uniform dispersion of the electrolyte on and in the membrane. It is known that a non-uniform 
dispersion of electrolyte promotes the formation of dendrites during repeated charging and discharging, thereby 
becoming a defect in the battery and causing a short circuit. 

Therefore, it is desirable that the liquid electrolyte exhibits a uniform spectral reflection on the surface after 5 
minutes of placement (in the form of droplets), preferably less than 2 minutes, more preferably less than 1 
minute. Furthermore, it is desirable to fabricate an energy storage device from two electrodes, a membrane and 
an electrolyte such that the membrane exhibits the same spectral reflectance measurements in the same manner. 

In fact, the membrane of the present invention exhibits spectral reflectance measurements in each case for up to 
5 seconds (most measurements show 2 seconds and less than this value as a result), thereby exhibiting an 
effective capillary action of the liquid electrolyte throughout the membrane (thus Is a uniform dispersion). 

Other tests were also performed for wettability measurements, including differential scanning calorimetry and 
thermogravimetric analysis. Example 53 was tested by thermogravimetric analysis from room temperature to 
1000 °C. The sample showed a mass loss of 1.39% at the final near 100 °C, which is consistent with the water 
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loss from cellulose nanofibers and microfibers. Up to about 300 ° C, the material did not degrade further, and 
oxidation started at 335 ° C and 400 ° C and produced a sharp drop in mass of about 60%. Example 53 was also 
tested by differential scanning calorimetry from room temperature to 300 °C. There is a broad exotherm around 
center at about 100 °C, which is consistent with the discharge of water, and there is a sharp exotherm at 266 °C, 
starting at 250 °C and consistent with the melting point of PET. 

Example 52 was tested by thermogravimetric analysis from room temperature to 1000 °C. The sample showed 
very little mass loss below 300 °C, starting mass loss at 335 °C until the mass loss at 400 °C was about 40%. 
Example 52 was also tested by differential scanning calorimetry from room temperature to 300 °C. There was 
almost no fluctuation between room temperature and 266 ° C, and there was a sharp exothermic curve at 266 ° 
C, starting at 250 ° C, which is consistent with the melting point of PET. In short, the curve showed no 
fluctuations except for the melting of the PET microfibers. 

Battery formation and actual battery test results 

Figure 7 shows a typical battery 10 construction with a housing 12 that includes all of the other components and 
is securely sealed to prevent environmental contamination from entering the battery and leaking any electrolyte 
from the battery. The anode 14 is disposed in series with the cathode 16 with at least one battery separator 18 
there between. Electrolyte 20 is added to the cell prior to sealing to produce the necessary ions. The diaphragm 
18 assists in preventing the anode 14 from contacting the cathode 16 and allowing selected ions from the 
electrolyte to migrate therethrough. The normal mode of the battery follows this structural description, with 
different structural sizes and configurations for each internal component, depending on the size and structure of 
the battery itself. In this case, a button cell of a substantially circular solid component is produced to suitably 
test the effectiveness of such a battery inner diaphragm. 

To achieve that goal, first test the electrical properties of the separator as follows: Make a symmetrical lithium 
foil-separator-lithium foil 2016 button cell and test the resistance, then make an asymmetric carbon electrode­
diaphragm-lithium foil 2016 button battery. The test was completed at the Nanotechnology Laboratory of the 
School of Materials Science and Engineering at Georgia Tech. For a symmetric lithium-diaphragm-lithium 2016 
button cell, a 5/8" circle was cut from the selected septum and dried in a vacuum chamber of a 70 °C argon­
filled glove box for approximately 12 hours and assembled as: 

(a) a symmetrical lithium foil-separator-lithium foil 2016 button battery; and 

(b) Asymmetrical carbon electrode-separator-lithium foil 2016 button battery. 

The electrolyte used was 1 M LiPF6 in anEC:DMC:DEC mixture (volume ratio 1: 1: 1). Lithium foil was rolled 
to a thickness of 0.45 mm and one or two layers of separator were used in this study. At the same time, the 
Celgard 2325 diaphragm is used for comparative testing purposes. 

After 2 days of storage, a constant potential electrochemical impedance spectroscopy (EIS) measurement from a 
frequency range of 0.01 Hz to 100 kHz was performed on each of the assembled two-electrode Li-Separator-Li 
button cells. 

Each cell includes the following items that contribute to the total resistance: (i) Li ion transport in the 
electrolyte/membrane; (ii) Li ion transport in the solid-electrolyte-mesophase (SEI) layer on each Li electrode; 
(iii) Electron transport in Li/battery/touch. Among the compositions of these resistors, (iii) electron transport is 
generally negligible, and due to the high characteristic frequency of Li ions, (i) Li ion transport in the electrolyte 
does not give a half period in the current frequency region. 

As the most interesting (i) Li ion transport in the electrolyte/membrane, the focus is on the high frequency 
region of the Nyquist plot associated with it. The total resistance of the ions transported through the diaphragm 
is approximately the value of the real part of the total resistance Z of the high frequency, whereas the imaginary 
part of the complex impedance is zero. As mentioned above, the resistance of the interface and electrodes is 
much smaller than the ionic resistance and can therefore be ignored. 

Further battery production and testing 

Additional pocket batteries are manufactured as follows: Standard cell phone battery electrodes have a coating 
weight of approximately 2. 5 mAh/cm 2 . The coating produced for the test had a coating weight of 4 mAh/cm 2 
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(NCA) to indicate that the capacity limit of the separator exceeded the standard because the coating weight 
involved rate capability. One battery (manufactured) of each diaphragm type was constructed using Celgard 
2325 (hereinafter, Example 54) and Example 53 (hereinafter, Example 55). The electrodes were coated, 
calendered, dried, soldered at the ends, placed in a sandwich package, filled and sealed with 1 M Li salt in a 
standard battery solvent electrolyte. The discharge capacity of the battery was tested at C/10, C/4, C/2, and C 
rates, and multiple discharges were performed at each rate. The results are shown in Table 7 below, which is the 
first discharge after formation. Percentage of /10 capacity. The specific discharge capacity at C/10 of the battery 
of Example 54 was 141 mAh/g, and that of the battery of Example 55 was 145 mAh/g. 

Table 6 

Pocket battery measurement 

It can be seen from these examples that a battery fabricated using the separator of the present invention has a 
higher discharge capacity at a higher rate, a small advantage at C/4, and a greater and significant advantage at 
rates of C/2 and C. 

It will be appreciated that various modifications may be made by those skilled in the art without departing from 
the scope of the invention. It is therefore intended that the present invention be limited by the scope of the 
appended claims 
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CN104871341A Versatile single-layer lithium ion battery separators having nanofiber and microfiber 
components 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

I.A polymer battery separator comprising a single layer nonwoven combination of microfibers and nanofibers, 
wherein a single layer of the separator has a bimodal distribution of fiber lengths, and an average length of the 
microfibers is greater than five of an average length of the nano fibers Times, and the average flow pore size is 
less than 2000 nm or 2.0 µm. 

2. The battery separator of claim I comprising a fiber mono layer comprising nanofibers and microfibers, said 
nanofibers having an average maximum width of less than 1000 nm, said microfibers having a maximum width 
greater than 3000 nanometers, and The nanofibers and the microfibers are doped with each other such that at 
least a portion of the nanofibers remain in the gap between the microfibers. 

3. The battery separator according to claim I, wherein the electrolyte droplets placed on the separator are sucked 
into the separator to such an extent that the spectral reflection disappears in less than 5 minutes. 

4.The battery separator according to claim I, wherein the nanofibers are the same material as the microfibers. 

5. The battery separator according to claim I, wherein the nanofibers are materials different from the 
microfibers. 

6.The battery separator according to claim I, wherein the nanofibers are selected from the group consisting of 
polyaramids, meta-aramids, cellulose fibers, polyacrylates, and any combination thereof. 

7.The battery separator according to claim I, comprising island-in-the-sea nanofibers. 

8. The battery separator of claim I comprising island-in-the-sea microfibers. 

9. The battery separator of claim I comprising fibrillated nanofibers. 

IO. The battery separator of claim I comprising fibrillated microfibers. 

l l. The battery separator of claim I wherein the average flow pore size is less than 800 nm. 

12. The battery separator of claim I wherein the thickness is less than 250 microns. 

13. The battery separator of claim 8 wherein the thickness is less than IO0 microns. 

14.An energy storage device formed from two electrodes, an electrolyte, and a separator according to claim I, 
wherein the spectral reflection of the droplets of the electrolyte placed on the separator disappears in less than 5 
minutes. 

15. A battery separator according to claim I comprising at least one fiber flowing at a high temperature and/ or a 
high pressure and at least one fiber not flowing at the same temperature and/or pressure. 

16. The battery separator of claim I comprising microfibers having a length greater than 0. 5 mm. 

17.A polymer battery separator comprising a single layer nonwoven combination of microfibers and nanofibers, 
wherein a single layer of the separator has a bimodal distribution of fiber diameters, and an average diameter of 
the microfibers is greater than three of an average diameter of the nanofibers Times, and the average flow pore 
size is less than 0.80 µm. 

18. The battery separator according to claim 17, wherein the electrolyte droplets placed on the separator are 
sucked into the separator to such an extent that the spectral reflection disappears in less than 5 minutes. 
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19. The battery separator of claim 17 comprising fibrillated nanofibers. 

20. The battery separator of claim 17 comprising fibrillated microfibers. 

21. The battery separator of claim 17 wherein the average flow pore size is less than 800 nm. 

22.A battery separator according to claim 17, comprising at least one fiber flowing at a high temperatnre and/or 
a high pressure and at least one fiber not flowing at the same temperatnre and/or pressure. 

23. The battery separator of claim 17 comprising microfibers having a length greater than 0.5 mm. 

24.A polymer battery separator comprising a single layer nonwoven combination of microfibers and nanofibers, 
wherein a single layer of the separator has a heat shrinkage ratio in a machine direction and a cross section at 
160 ° C for 1 hour is less than 10% and the average flow pore size is less than 0.80 µm. 

25.A polymer battery separator according to claim 24, wherein said separator has a heat shrinkage ratio ofless 
than 6% in both the machine direction and the cross-sectional direction at 240 ° C for 1 hour. 

26. The battery separator according to claim 24, wherein the electrolyte droplets placed on the separator are 
sucked into the separator to such an extent that the spectral reflection disappears in less than 5 minutes. 

27. The battery separator of claim 24 comprising fibrillated nanofibers. 

28. The battery separator of claim 24 comprising fibrillated microfibers. 

29. The battery separator of claim 24 wherein the average flow pore size is less than 800 nm. 

30.A battery separator according to claim 24 comprising at least one fiber flowing at a high temperatnre and/or a 
high pressure and at least one fiber not flowing at the same temperatnre and/or pressure. 

31.A battery separator according to claim 24 comprising microfibers having a length greater than 0.5 mm. 
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~~~~~~#~M½A~~~~~-W~M.B~,~#~~~N~ffl~tiB~Mlli~ 
}~8{Ji_&fl1Wih, .lt:Jth::/f! T f-;lJL,tll?ff i?;;f;: tt!Ht~i. }fj{fl'gwtFfi T1xftr:gili:fintJ/(/f ,, 
Eooo3J .iAH1 r:~Jm~.{tJJili§.-J/ij\j> o t1t1::-i<FTifilfl,. t+W:. ( mi:w~t) l:J?:r.:·1~-1J"riTW~rtJ1iit·0, 
Wi )f Hl {'t~ ~:l r/;i .it 11ft ii?{ :YI, m; t:J Jl f)j .Jt v:J mHi fi-+ J1; tm,, {E it{ 91, ;N: (:y';J v:J m\ Jlt Ill t& if(! 1¥1 ;jJz. Jt 
fHzHildi:tl% J1~-t~ It£ ; ~:l Ek rg frr,~~ NtrtnW ( fr~ tit; J!l i& t4; ) , Jtim .i1 IWi ll~ {EllH.iz :fil rJH1 .. t~ f1:1J1t qf,B ~~ 

-f ,, .{:E~Ll /:'7 t),& n] li/1 .!Jl ti{J#f *, Jc EU E\i)tkifJ :i:tH.i'.1 HJ T ::lf'- }\ 1j, rilf f.~ t#£ 8\JL::t ·t&, J{-:(f ']11}):.: G1/': 
rti, f:rt h )A !'/ff tE .ft 1g WJ 1r1% i'.t~J k Ht i'fll lH {~H::\' fr ;{Z, .if H~ f· Vt If rt, :ff· {E o<J -1 (:: ·m' ):.: Gt! Ji "ti 0<1 lfi i·ili, 
J$ t+ t1{J itt itl!.,Wrj ·l,'.J:1 ·t!JJli {JU Jlt l~ \'iJ tkfO!i! t1~ )< 11 ft!..t& ( ?i~ :'.!>;fr:.·:& llil f;{ 1lt .l , fl & ,i;,:;, Bit 1W ti Jl tit Ye 

~ffrl~*~~4~~~~k-~+,ffiff~~~?~*f~MT~mmf~~~$U~ 
tJL f'j{J Ji, Wt IQ fJ ,, iE [Bl PJJlt' * ;)K EU iih l?:4 !1/Z !Y~J ~'8 fJ tli ifil _Ffj tt i~• 1.n :it j) lj ····- R •ti >R' j;k Jf Jl'.1 ·/:-; fi' :M~ 

[ 0004 J ••••• f.11 iM if , JA 1H' f,t] 1[:!. f!k t'YJ 1H rw, ti ::K , ft Hj 1t!. i!k 11r~ im 11- iM :tr +: I1J.J tfl Hr: f!ft11'!'1 ~tr. tJ} z Vil 
mm~~~*~LlAftW~MM4~~~~~~~~~0fflm. ~~~-~#ttflA#~ 
i:8-11~. iKIJJ~tAf1J)i %tiW lJi:1~'.b rg;:IJfYL~tftJ Xfl lki'll f.4:lH, f01flJNt f J-_ltH?JSUf'J<J,.~,Jttt.~g,, i'if11 

~ttHbUI&1;,@1rt,r%-JtitlJtJHt r:J,'.&fff\'"3£0(1 1hilli:r:1J~·~. ts Jt:J:t1fitu4ttt''1':f0. '.i:ttt, fti-f..f~l-•~0(1 
fr:i:& 11<:JfL fill{¥, rtlft#iift ft1:4rru 8\J if 1~·z 1L H:, ft:l:£ tr1 :~:11:·!l-:, {f }Jn~tJLhtiJ.HUQ, L:l li ?j ,~ill T ti 
~~~~R~~~~U~tt~~h(Ll&~~~*~~#B~~*f~W~~~~). 
[0005] if£ 1'1: fH!ifff tJ' !~ H~i':1 ,ti,,Jl, ;iJj Yl·'fu ,t':/lJt tlJ 1/ltJ1ifll fnjtJ k:J,1Jix-t ,t:,flj-i)f fTil tisth}5l. it Jc' 
{:E Ill itk i11'tt 8~ '.W: h Jtti 1WJ , 1·~~t .tit .f ?:JC t5: fA![ TI0:1ll-t mi u1U" ¼ ll, l?l fff4 8~ ,8, iii tllNQ %\ Ht t& Jt #§: j~f, )t 
Jt1t:/JtEb□ [;fr!-iliUm ( fJP. hl!t}r ) )J [£1/ ttP:H if::i:i\d1{1 ~£rt 8'.J;J,;jll, ftl'J--i)J:JitR t'Lfl!:W §H'.w-f'td.k 
H1 k~ uwu1 J: mt fl< :h1 rtJ tti -?.f • ~1 !fi'. /E )t 45:t r1~ ;if!}* rr ft 11?8 mi~ iti u; tt0 Titt ±;r, ~ tM Yc:: " 11:t .st , JA it 'J: 

~k*~·~m~~~~~~~~~m~¼~~~~~m.ftn~~~~~M-~mttwrr 
1'!'~1 ff: fi'if !J~ xz, 1\1r tu kiiJ0 .fHt !M J-t h rnH!'0 9-~ ,:::t, 1m ft Yr Jf ·;tf; tl(rJ< i: 1'\I Mum H Ii.ttft r1! HtnTJM! Mt, 
.t;4=g11tr/':11J.rW.hirfftr1,;J-ru111r.t5":/JciJ;z o tJ~Jl:t, :fg x J-.Jt;fHt1:un{1JJ11t1, HD1t J:t tr ttTHut1tf:t 
ft'1':'~%tlfJrJr~n. it MJ!%~%:tf,Q,;,!jj?'f:{l {iM, *Hilif!J{'~Hj i1W rt,. 1~iff;/};;;J~ ;t·.rn.:ditt. ( f1P. #Itl 
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tlt IJx:r.fflt) s1A,fLfifQEl;UiL 
[0006J r;JJ!H, M~Htt,Q:, ~rJ!:f{ ·~ Jt:t: f;- :ill:fiJJW./¾'.tt:f1J ·r rg)t!~::t f.t[l<J i%1t!i:fnJJJi.~t,Mf:ft" ;g 

T it 1-'F· K tm 1Jill If, J:j:J ~] ttt f'°F lii ffI I • n' .IB JtJ, it .ti::: f)~J jg fI fiJ kJ I~% 1m .. :F J;J :;J 8'j J~ fM ttr :ft J& h IQ 

[ 0007] Jl:Jf· ' ii' N Pl1 H¾ &:, MUcW_ WUH ft jfil: (:J<HL i;w $.:fll {L {1: r.ui EiUlfI .Hfb:11%.H¾J.ti: lT ft j£ l1Zl 
#~<0&ft~~W~0«~fflrlWr:r~M~~-~~~~M~*~+~~+~$).~ 
*:Jt !_& 'j ;i, itt., J, t.l PJJ Jt rt HH& JtH.t .A Hi // nQ Jr H.~tt, ff! 7m L Nf 1:.B :if.lili: ?1 ft i'F 1tJMI .mt ihi + 8) 
fr.iill:!'.(JM.tt:$" 5£H, TL ff:o·~JNJt,Jtt k'U}TL ff:fr{jj lft:G:t 1EhnJ:1J ::-J o·~JttrHr"'' rhfii!i~ .. Ll&t:uJ: 
Hi·Ifitl•T!!'t1i" tt!,iili1M tf 1tJJfl::ij :,W:(:]<J l£.}tqf\f ;t:/t, tEiSt+lYJfAfJc r:p Xf ~!,- .\(YiffitJ&it:t4~iM 1u/tl! 
~¥irJ%rYJJ$J~~J t'.ft6L ~),Jt l'f !£:: KtiJxf$tr NJHtr~ 0 Jt'-"t', ~:~f~z • B.:JH'&T J.h1~· r%iMFlJJJ;r:p rtHUti: ti 
:1-J:Jj, :lz:TU ·f l?J Jt rg ;'.·tti fK>i:Zfl1 j:1 ~-tflH::JtHJlt ~'J N~-+~:;1_3 tt ( l!P, ~t, it): t: lfl Jt·fth)(.YW ) ., 
[ 0008] h JL ' {L f0 .fl.I tl :.M nr LL t{{ itf:i Ii.I( r;r-fK ~M IM trJ \~'\[;_fl :)J , }}, iiU ft i:Y 1'M lt!. mu ff\:~}~ Ht :)f( 1ff 
T; rnim+J_{r itiff {f{ET thiili 71,:Jt Fl t;-i:stJ th/MIMI fr: ·fr5ffii1stJftt7J ., Wt! .~u, T·.BJ)fr:i<fL{f:: (m(!ai1 

f lcrn pore,, size) tiJHtf.tl ASTM E-- 1294 it1J ;I:, n-JfiiJ{LJ2Jfi i.f iYtil/;1:ffL>kfrHlfJnf1W.:'.IWiMHfJflfUWitt 
f?t,. IAIJL JtHt'Z1JAUi,fJJ. {L:;;t;.: wt WJ!J\J1JHt (rm, tHit'.HH1::f¾1rf:LfUflrt;J-mJ El.*~WTVl:'.i±'fJk.fJ 
F fNH1r= Jt-- '): iJ, (.j'J trh ) tr!. ft Vr 1~. H::. I~~~;~ □·0 {T ;~H1 (jtij O Jli :w: i~ CT~ Jt Lixi'OA ff: 8~! fL H: * :y B~ 

»Will<!';il"IJ H:U~1Nf11 Jf~f&, J.A ffti Ml;j>{E lif] bi .t JV J& Mr~ ( t:t:tm1:E::t:i'J1?: 1;ut& .L ffJlUt11W, ) !¥J !1¥, {E 
mwtm~~~~~~~~~~~~~M~~~~ti-
rooogJ J1· )±;·, (U!J1Jjfu ,ff1i,Un 1It fILl{J:J f1'.iJ, ~¼W;t- • 'KE .f ~g/lj1)% tfJ:fu!?Jill ¥6:1:.l:fift~ i' tl!W;E{J 

r,'E'. }1 ,, P] l!t, 1E .i.3:J!trfr f:!-t. F1%1l¼ &:, :iJJ .rtt.Hi dl fr ;:ill 8~ -'Li'Hlff:: /tj HJ 11.ttJiUi:&:tt rU--~J~W~ rg{Mrt,_@i 'Jf '1.t 

t. nJ frjtJ:Jtg·fl11&J;-f !fiJf:tifililfftl : tm *~fJ /l!~ :.r::t-itfr WrT lZ:t+!YJNnX, 1.1111!1.nWJf!:!t;i; TTE s-]iRJill 
®i {r ~~ rftHLL ;fn P3 mi , H· n 1;; M tJ:. 1t ,J6, 11 ti'0 /ii -f H: 4'iftr ., JL Pl·, 1:!c /:, JtfifW? Jill '.t1v !f~ :1t 1% JllHl H ik 
fr Jt f.!'JiHJ iR tit .LE Y--J -r trn et ~r.i :c~\ 1{11\W n& Yr 1% iM :&. mr :fl! 1t }W. 0J ·mi f.!'J 5} 111 ,. f\i ~f h15-l' Ji H,: ri<:1 ~; • Jt0 

~n~@#«~~~$~~~*~*~tt~~.M@~~m~~~~w~~M*~R~~ 

[0010J !m J~Ni::i&, ?1~:'.Jl!J k~/j1}U-SUfl {r:Jl~ttlt1~r-IB;ili§ ·f 1t!jtt rt,n;J-j£ +·5})'dtf'( tftt5t·J·i,. }c. 

~k¼W/itEfil +it1NlX¥·d'trtt!Jl'riJ:~•1l:1H:iJ~Jtfµ}~ T:tttltfJ J';{Lk%it&" ?t~ HW, tEJt!f:Hh;j{ 1.::, :i( (i 

'.Y~ iJ~1 ii~ rt ilt l'.l ft v~ rm 8~ illU¼ t~ fr iif ft fiz !&; □-) IWi H¼ M N-'.t2 4.-H: Jifl ·W: 8~ 1!1;JHl, :/ill rlt Hx J$ it, Jt 
[tl if ft - ' ft}l j}J fiT µ1J: lH i'iiJ :{J ;t lfF r1:f1] ft!, ;:m !YJ tt tt G 1E [);1 :tiu Jt' {E ?l: !{T;1t rn Jttl (ii] !fj T P* tt ilr1r Ht* 
:y ;fn / ~ 1t i%:J~ ·11 r~Jili YJ~ fl· (:11 ;g rt r:r Jl~. -rt~ ,w ,,w x{t ~J ~ f½!. , ffl lit ~tntz * Et KE ~1~:r?J, ft ~'t 1it rfu'.J 

~~~~n•&M+~~~w~~ttM.~~~,~m~r:r-#~ffm~tttt~ill*~~ 
t¼Jlff& ii fJ, /j11Jftu. -;1Tf:f{1.%f!Li!f-l(l'Jffi¼.f8 ~l8¢J fGJMfJHtl:?VK(rJUl1cr:;K jf J~.J.LWf'f::JH ., 
[0011] fttirff' ::tiJ U\ir:1;£, JW,wi 9Jlli;{~~n)t;ii'IJ>Ff!Hrikf1l11's:1ZE8~ 1h/Bfi;]~~ ,, 1f:~t ttliful;rrnrni 

lS:N □ fl{J 1:E T . Y:E t1~- - -WJ Vr H ft rf·1 !'% Ht !iH!H ri<J H -~~A* ·l·t -- flV;! (\ 111.h , :fr, 'fr&·., J, tifJ fL H'>Pn fr 
.Jill (:1<1 IL{} fr ;f!J, (E ft ·w: fll ~ ;+ ti<J IWi }§'. W f?};-r f/J f~ if' f:{1, it ft, h· lili [fU jji] ilti Yr , Jt T it it-¾¾:¥ f:l½ 

1t }tt\ }iX. fr +t !:E ·r )~~ 'liJ ~g , J \ trJ :.H !'-fl:'\~ fli] l'r'J 1& 1± Hf Vt tJ & H Xt f'.T'.J ,t} u~ t,)jrll 1li\ ti ( * N1 J:.-fit i!& 
{4 iuJ PHt ) 't¥:1JtJ·.!,:£,lz!!;f~*YtLti%·~JJ ljJ}t,Q'.,JQf'/fJ' u {lf£{iJ;'.:H .tlKffr~Ll F :¥: n-- : HU# 11/¢ tl( t[! 

Hitf([rp,11t1ff Pl fiT &r:tt, fHJ\ fftl'iM rb,ifii\:Jw N, rb,ifu G{J · • t··ms frfi.:::4A5\ Jj} • ·-tm ;t} 81 ~-r: h ( l.~P, 
f'1'. rut¼t1:11D-rtt",'t.:.NrWfirti.tJ >, f½ Hz. tJk1.+r1<.J tg::fu'l-4:;H!WJ±iJA{ KJti:Ji'11J:f}lJ;.: 1tLi'IDJyfrr tH., u 
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iW' }f: fl n 1J ':&flli Pl N w 1ft i'6 il-1;; tt Mt ?i~ j;,s• to¥: ltJ filf! C• M !,fl ' Cc 1 p1rd :;,} H fl W1 m I • f1l1 .+l 1T 
.'\I' 'if; 1Ef JL {f: f'J) tt NkJiM: rgW~ 1% Jl/.1, Jt; {E ~D L Ff!~ (t;JfI Wl 'JI, '7ii F~. !if : k~ 1i1J . g.ff f1\J H .N ~'lJ lili tn ~;? 

L(nl, JJHiitii, ffl1H.:ilt~!,p'U T :8:t'f: Fl{J l~~tm~:['r~ ,~, ft'.H :~tt" :HJ Ii, ti.tr, (JuPon t) fi1i.\lJ::ft T - ·1\1&1!J 

A( ff Mt; .:1 tfH:iiliJl.1%1\?;~ J%, Jt; t~ (Jt:1f: '/rt flt O{J ?? f\ lfil fJ , 1P {E Jt r'f'1 :4 H jJ )< 0{J fl K ,, 1tt .1JJ, , it~ t41 

i-,tt+NrJ/313:¼l, H!i ti<J.t\ WlJLt:J&iJY1PJ'. :j[,)¥; hiiR ;Cul gard 1%.ilf~fE bn L}T 1f:1JJlhth~rr- l't0,JH\Ht, IFJ.{E 
tW illI ( ti¾'. HJr ) }H'ciJij[fJbE T Ar::p: ,. tk-T J·.3£ tlll & (rtm~ t:)~ , i~ ff: kUtl tUTIB!t nt iJf 3j~Jl'i :v fl: % 
;}1:u~·rnitul\\r:f:1 -~•1.f.H:}W:fMmniJ1#:;ft ., ttnH:¥4frF -~\:~, m.i'EM1~JJrtJ J·. r:mU?.£JjJttJ }!ifri., Ji 
t}:fi&'UiY1Tf\l!YJ'JilUn'.i%T Cc,lgard Ht4,, ~i;;f L, H.;l'r,ihM1tl'l!ifrT·:X-f£iJFUtI>fA44 ( {EDnL1T 
r~J fn•?l'&Wl)Jff.iJ,A::ff;ili·'YtHfGJ(:Jtf:JiillJt), ~Jtt-Y Et T Cu lgard Jt~1~, :1~f:V: I {Et.1¾ ll}Iiin:1t1'1 riJ 

w~ trJ ¥t .N ,, rnr . Nr ~-9111 r1 rt'rtt Jfl m; fl&rn{1 N: -f!t1 ~1J1Jf£ :4; rfou:.:11, 'itflf, !Al 1H:::lf tM }ti n1 rj 1:r HrLU1d:tttl 
•t1 ff tf!l :IWdt: fn t;t R.t~ fr AJ M 'ft ,. ,~t1Jttr,, EB 1·-it ~t1idrl1 5JJl fl ftU @, iXiW r111:rt H r:g itl~ 1% H€!I BJ Y~ 
·-J f.l:2 t't 'if= )f; ,y; iiT J&. ff "i:iJ ~t G Jftr ')j M 'llrf {ET 1t rt!, lt!, ;tit ffl rH P..n IH fii] + Wl W tili tr 1-::. '8' irl rn 

[0012J ITTJlt, fnwri:wi tfHJii ·lr/1 r1!,ftttl%Htt, ik rg tli\~¼ijt{ !TIJnJt%tt{t:Hl3iS: t~m ·T l(Hn, tiJJ1t.(t1 

tlI 1[ii'lh/'': Mi t'tJiNr-Yt,. fllJ1J:t. /;:_,:!.'g~i&W!1"J fi1% .rJ{UiifI:W frl fll'\~'tf5fl :fJ,fi:rflHL 1'.i":, L:.Z/l::fil:f:1-,: J::.flit,H 

x,t :}}- rbJ r,:u -rt* Y tr1 r$i 1\1. -ft1 :@Ht, ·0i-1r1 trb 1 t ,,y: t~, .5:t -rt, tfi lf~ W: i~ tt ili I( -t Mi .JE tt < tl :~1J Jf: !:E 

1l ffi T 1& fl· 1'.!<J tfUi N1 ) . )l ·lW ,H, ·M !tfHfl . ·ffl."f <,'" !Ht;;~~ U:rl ~tdfil: ftt .iAfi1 ff H,ff{fl'.J H~~ ffffHl4 " 1H:: 

5'[,, .ii£ ii fr %l ti-fJ ;~u J:fil L z:; ~IWJk¥t tr-J JlJJ tu ti-fJ U ¥lttJt& 7K y: r:1tr ·t: /'': rgf!b 11ifti Mi ti-fJ }r;1~ ill :ft- jiti 1\1 
Jt~ ¾, !fi J~l.i JJ: ~□ :i;M {f:{A fl-it fP•r 1: ff:VMi'. j> Mrnt RfB, .i:s ff (1<1 ttli i:fi [1{_rfr ~ t1. :i;M :ff •}J J.K, !1FJ '.Yi: 
}:ij it:1 l'f. JlJHt : □ riff , 1:E :fil: i'" !fl ht~ 15:4~ mt ff .1lk ,:t:1 ri1J 1; * ;+')_ H\ :ti; :vu .8: -···· :El Hf ti<J r!F) irr JJ iL ,, P] Jl:t. :ff 
:~zn.1r:. )ftf/lj #~ il tt ff1 T :r:£ 111. i'& f~ti r1wmu :irr 1T ;:1; {[ff I[ 1rr i'& l~\tJJ~U lit rt1 JL tr Ht fH ti{) : f~1Jitt¥ 
fJt H: JU& wJ1~J }& ¾ii! 1JL:t>N1 .ifb1,HKNHtHil ( III] ' j l!1 jj: Hx Wt 11: 1:'.till :J:ri·,HJJtfor, u j:;j; {Ut~{ ~ :fW~~! 

lcimn * r-). llt:Y~·:i£1i7:UtJ!c'.t,'l,1 *· 'F1Y1tJ1:tJ1ttti1fl, iliftt%tt, J£j:ttt, f'(·tt~ittt, tJJl:l;irtt~-tf:11 
'.i:riH.t tUJ!i ; 1i <~-, tr;, ~:11 ff 1H@i~ .ff l'l9 f';:Hl ,. 

~aJl itJ~ 
[0013J *%t w1 tt~1~11lttltJ;.1:ET, q, ·TJffij:tiRit :j\:f.Ju111M:u1tr. 2: tMiu◊ Jl -i1t 1+ttic1r} tE T·, 
Jtli:df\Z tx.et~l?t1E!WJI:lli:Lz:rtl ftJll O{JM-1:5+HMtt'l<J lt·/Jlj jf: XJ+.l'' IT~ !f n1 Hftjtf /~ n~~, ft.Dr!,~ 
~~ffl~~ □ U*~M~*,R~*ffi~~@h.*~~~~~~MX··tt~AT.~~~ 
tHtJ 3b{}f ?!: rttJv.g ){Jjj t 1 K WI f~ Jt L:J, &. tE !fl ill!. iM :U/i:Pfr f)t ti~J tif~Mt ,, :,t,: '.ti nfj lfr% /Jf F'tl Ill' t~1:JHt.( \°: 
/{pfl fJ ;fnfrtJL g~t1~J rit fJ .@:*1.z f:./j !1t:Ht ....• J:f.Jto/j O :;t_'/x HJj ig i'U},!Wi.t1'f tYJ Y-. Jj • t.JUIY(E T t:1¥:fJiJt 
fr:'11'..\J! rg ( M.Wiftfgfl) !YJ{fi C IB:kL{ ) , Jt 1< it i;'f 1ufJrifilHl~JH,tt:1,t;:tt~~tr, rfIYMJV f'f ·f-W 1g/%f 
J.ffiil ft {ET Jt ff:f ,!0;J 1t:1 ~{J ~ft :4tHJ-;tiJil " \l 5} -···· ft !i:} Jt H 'N 8) i$i JL Mt 4s. , ;lillJ.1 it vr rg ;!;&_'AS -fr: 4 i\ 
~.ft~~¥~+~~U~~«~$~%~m~~~*~IM~hti~tt"~~~~flM 
i!J.1;; rin +-, fqt ti jfilj1/E }f J& .It{ z ~-u· Jill :,!j 11£ tf tH{t:t.J *'i-I)Nj ~ Jt.; JJ:q!;fffil 1tHt, L.:J, Sz fl~~$ tt Jc ft 
Ft} :'.'f~ tm ft,\z;:,f( tf tfL :llILtt x,LtU~tJY iWi ,}g 1JJW::Ittl. :i< ;t,~ '±: if~ ·;l( H M:t ( Jffi:tf{t}i; rt; ) hA. HiJBt 11Jt fB l11 

· • ~ {irlJ ll }f Hlt·r-: ins ,Q;, 1J ~~) fl/% Hx fr, 
[0014] fEJft, :.;t;; t:;_,:ffl t~t, .& • f1!1 Wh}tizl rl!.~'ilif~MH&t, Jt.'21, j"j\!&)i( ff 0fJ:;1~1 f;1\J *Hrttn~J :W:iSUrrm 

it, It r:r , Ni)£~¼ JJtt (:tJ Ffr5& if). Hff nr rw, 111 :& fiJ fBJ -rt t:.~NJ 11ut , :Jm T: fr r1~iJ rY1 :Hcf4i 5!U:~ 11, -T .if& 11u )I 

6 
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r£iJ !'iiJ=ki1JlJ1 ~iut r:t1 _: :. fff" !l! +¼ ·tt: wa ff , * tz 19J m /,r -Ni ~trs4M 1f! ht IWi H~, Jtti 1r tfftt tHfUn fJ,½ 
)f(fHfi' [j<J q:i_ !NJ'W rrUJ!l: mfr, It i:r , Ni: :i2B PM JI¼ ft{J H1i£ Jf .U) Jl ti fHftK. Ji nt -~X iltl ~·} (fi , mt)f( tf iii' 
fi{ffJ8 Krtr A:T-t1JJ)!(fH/H1iJ Y l:)] l(lt:fi{J lifrh Jt· §_ T l:1i:11L~1LB~.1J'-T 2000 trt* (2. o µ rn) ., 

;:iJ ittili. ;t, it rin D, ·:f - H1 1~~ -Cr tM 1rr i'tt 1% nMc, Jr E (f 1;\1 * rF Mt r1111½ * H Nt a) tr~- .tA 01;, rH ±2 m ··D-. 
J{ qi , ./Yd&. llM ,~y{ fr0 fll"J:£ i¥1_ .Ii! Ji {f ff Mt l1 h: ff0 XX tl1$ 5t :{tr , t~!i. >,J( ff {;f1; fl0 :r JJJ n N: };:. -T ti½ >,J( ff M11 

[{iJ 'f t\LJtl: {}ti"J---:_ frf. n §_ :;p-: 1'1hfi[ ;rfLh' lj\-f 2000 gp~)j( (2. 0 ll rn) ,, Jt;;':J:,, ;:$: '.!}: HJJ-8,fy- -.frf1Ikt 
fr4}9ft!,;;tl:J~Mlti, Jttl ;ft-1.Wk*Htl;fni:r:nKtH(t(J{J 1VL}ii-'1icfH:i.iliff:l ff, Jt ffl 'Nd&r;tHfbU'JtJAld::£ 1¥,.)f 

1:E l6O"C, 1 .1J,fHfi{J§ffVF{L)JnT7Jil¼J fll:W'.Uff1Jfl.iJJ)JJ4:ff +T JOt;,-;; B{Jfl~ 1lkfiW.$:, Jl1:lT·J-tJt1E 
:~<fLH~1J,T o. BO v m. 

[0015] :tiz HJ] l1%¼ rJ%:l£ NH.!iHI\ ;Uri _f 7} ji'iJ (MD) 1}t: H1 ~iil,.lt,f f::-T 90kg/cni2JUvT 1, O0Okg/ 

cm', i¥Ji illI1J !GJ (CD) i'ii. ,j1fJ 1!ilHtf..:-J- '.30kg ·cm2J:1 .tj\-J- l, 0O0kg/cm 2
, Jl J:l •ft J:'iJ ;)ff~: 11-H~ .,j,-J­

O. eo 1-1 rn,, i±t- ·it. W'Jx_l1H@,+~:tmJ·.Ji:S(ff'.J 1{l1tlJ.Vi1Jl½:Jt: l::t®'M~H!t tf.Yi. f,ff·5&h~§,JMHAtH 
€iii ;fn tnz ){<: 0:Hit, Nr .tt ti½ .::Kffifli ffJ TJ1J f& J-.:. '&: nt-' J, -T 1 ooonm, .P-i)±J%i * fhitt ti{J 1H: .A:?~ .it f-:;-T 
:rnoo f;[~ :*, Jl nm 1& fl~)j-df 0ft ttl 11tt)f( fH{t ;f~ 1IJ¥-tJ'; I), N~ jH> • -mr5} Nr iB fi~)K tHfl~ tl¥ {JJW j£ 
t\'.t:¥ ff ML:.tJ}iJ tliJ ~i µJjt i:p ,, 

[0016] 1H:::1'f,, ;t;: tt i!J1 ;'.'{f&- -M1 tr: r& 1tUlli !'.M H~~ CT{J1J)}.:, Jt r:t:1, fifd& 1l! fill !'.Mi H~ CT{] 1R J~ !HF tu TJ 

260 {1tt)f(, tf: fl, _!trf:1 , f-:JrJt~nah~fl1HfffiJJ f1-itiVKH·ffHil f}Wtr!J)KtHfHil ft--o·'.JHJ.ts. f:YiJ:£1JLtn 
M :t,rn ·r,- ;:b %1 : ;-1) HH:!t *-iff jflJ ; b) f[iJ Jt; qi 4 A -lt ·i'• W:i W.: tHfo tll :t 1" fNt;K r:Hm tJ, :{E 7J( #t ffl J rp Jf 

hlZih!i:*tHft .. / ffi*tHtt~-+l?1H; ;c) ;f:E1"13i"Jffm5"1H11--F~M<1UrlfrM~*H¥t / ~r-½)Ktt~t·•n-ffii4~; 
cl) i0JJfilHl;}lt r'tl \\\ A, irfj@j lJJ 8¢Jf11=1t 7)--j\\ki* :t) 4-l''fKc*HNt / W~AUHftM 14 ti<JfJW,iJ : frr f) F 
>WJ!jjfBHtJJ. i¾1Ji1:_i£nJ LJ1J)f §tbffiHfk}Jf [ z,:W:Jffii:1iiff!t0J fi".Jjtt • {~· un JJvWt, L)/t/': 

W:11-m}f-:J-:J 100 h'/i.)f(W'Hl{i~J&J~:/g 2000nm l'tJ[~ijfAHtl, 
[0011J :tri't ;,-'.~fF t:;tqi, ;t~-l:ait'r:'-f~H?.\l:Hj Tfi1H:ft'!T Pi'i:li!llitt.Jlf}:.Jf~At{J.i IYJitt (T!/MN-tJ, .'illi 
-;~t.@:k:'.tt'.}li¾'.KT- lO00nm, tifnJ:kT 3000nm, lLii:kT .f'i000nrn IJJJ:j\i'iJr,tkT 10, 000nm, it1i 
?i~:~;J 4 0 t'& * " l'11D t+ ' ;f;;_ i{H1t¥ tHHJfi T Wi -ff /iiJ Nntrn ~fit)~ friJ .Jfd:)~ (:f} w~ ft t~ H Hl! ' jffi '/4;' _JU);: 
~Lfi:+T 1000nm, ->'iJ'r?t+T 700rnn,IBtl{H:>J,T soorunIBtlf/ii.->'iJ'r?/~:.1J,T :3oonm( 1rn\tJ 1nm) o 

}i:r~f~l>KtHmW<tJ½.:-Kff tlt:iHf~, J-2 ti T #,J{, -i'iJj,?f '&f:Jj,£{~.flW.-'h.1Jff h:, ffJ:(:EfktN?5i:-F, tl:1-THJ • -

a;-; HHtt'.ri-!0Jlill 'Ns :Jf': 'ftS :<[ L), ?tJ~l, "i:jJ tW-11 {f Jl[f(ifi1Y':J T J)J rn: ft,, m Ltl, :1:t'-lrl :k ?t~ ,llftJH fp j)if Jlf Jc 
.x. , ft Jt; ;f -Wl :.¥! tf ~tt f':1 .ft 'J-J -1! lfi! tt Jf; :tK, .:HT i~ .ff fi(J tf Ml, ·nJ .jy ,tff; IF h m, K ti 3-f! , ::::~ffl Jf; .Uf: 

Jt ft!i fl f~ ;}T;:[;}( (1{J i:iJ fjg , n Jtt Zl{E ft Jlt [1{] if{~ )K H ft!; ;fn ri:\ :* H i'W1Wu ffi: fr1, Jt fl ±t1 ,iz.t-T :;t: '.f.z ,ifj (:1) 

1rt1 fft rrr mi 0J ,, RJ -t+, * ttt ~~ ff rn -T Wt x \'if t~rn lYtl tr1 -tr 1h 4!-, JA@ * '.!J: =VJ tYJ m tf1111 1~ Jc Yr 1tiJ/f 
m ·q 3flli1 ffi * Hs:, liu {£ it i'f .ituit rt !Wl ll.£ -f jifl u'i, if§. rg fM: lt£-f-ifllI% 'ft i1 .{f {r T Jt; i:p !YJ-f L" 
[0018] :(:Erh:rililW1Jl~tt;f~rfl E:,rifJffE T t~t;f(tfg/1:fntf~:*(HMt 8;J}% ff WJiilfr .1ltlu/l{Ef-J T 
it 1-¥ rn □ rr:J tf½ilt m ·r XJ * h1Z fr rn w,. Ji'. ,1f: fn±ili :fa tifJ &t JJ 1J nu ,, f¾ ill 0 Jt f.1 m_ iJJI • iA U: mi :1, Jt 
~ 1JtJt 1r tHfiLrr t;'~ w K 11 ti{J .:;a ~:t51 hi ti{1 -'ll:i'.1,vt t11, Jt rr , vti)K ft-ruu 5Hi-<1 r-1t1 K. it :Y~.H1\W,: 
Htt:tm'.B-rt<-1srJ1JKJtFfJA'i-'J> s frr, fJti:&I1J:-rti.~AttttttiY1 r-J1JK1tt1) 10 fft, ~~H1t:im:'A.1K T· 
ftJJt¥HrltKl~!I'} 20 m:" Jt;':!~. ·,r:JjJHtfoi/J:i.I:tl?, :7')}/u,ffr {Ji', :HA1 , ~!UKHtttriiJ:-FJ::t)fJ f:U~T 
filW:fH1tn·\~f-lTinH:n~ :l ffi, i:JUllifg};:-FflYfd'.F!!MfJ:.Y·J-)J_u1}8'tl 5 fff, A&tblt:1:-rk J-~½*H 
#f j'jiJ if· YJI[ N: tlfJ 1 O f# ,, if;, .:zy tli} fr {ff Jc }'f ift* H-ftt [l'ij J)fJ. @-1% PJ:HJ.½ {JHiZ :WJr-~ )K fHtt}c UdfldJt 

7 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 117 of 297

CN l0487I::l41 \ 

(:1<1]¼lt, ~1~-tt, J~'.J't·r'f:, tJt!([, 1RiH~rnJnnw1inttl, ;J.r3±tLFl, t(u: rtk1JH! Jt1tlrlitL 
[0019] f~!dttHfHti ·5:)-\'iJ L:J, :TY fiVff ·(r Jil[j·'.J W~frt1J, Rtfl:1.it ht,t::,,u::n<JiV¥:lfd·~t:f!Jifd'-;tAft, 
~&m~~*ttm~~~~h-~#.~W~~*ttm~rrm~ttmu~~~m~ff~ 
z~~~~~c~~rrw~~~wn~*~.~~~il~•+~~~~)~~m~~~® 

l>1, JA ii'lJ fE :W 15! llli: ft11J llli: T. Z:: rt, WU T ct i"" 16 ft t1D Wt* H t!fi z 1WJ Jtl: lY- Nl tt ft'D ?'Wt#. ,. ~ Jt , is: t+ 
[{(J IR 1t 4t'J.L& fr -,'jJ h:.I, 8 +r ·p:;; f?fi ~'£i :Jn1t-'~lJ IR 'p;f ;t#i/Ht ' l➔t '{.ffi W: J~ Wttm l➔l Fl ;ti'fi ' IR Z3?fi ' ltf T tri ' Li 
lk It ftk, ·121 WJ Jt {f l?JJ, t%1: m;t nJ.i: , {f L ;tw ~¥ , We~ x,t >¾1: :. fcfJ t\~ L :. t'.f l~t1 , {f x,t >¾1: :. fcfJ t~ ·r -•••~ t'.f t%1 , 
iw i-1JA, !f{: tt z, Jm , !f{: f.ru ~- ,~ z, Jm , !f{: f.ru ~- .mt z, M'l - ,;, i~ P:J '.tm , !At fll 1J & ·:trt, 1i¼ :.!tt Irrt TIM, Wt z. iwr 
(po I yacety 1), lW f&iU}!j 4' t1f1~5. :;,;: §lrili\:Bil, -'l')J'i2tWrntrr&:. JJtX;J;( ---~ 4=1 /i~ts ·~,:~~,Wt 4'l 1% 
tstfi;I\?l4litm, XKifZ:.-tf¥i, HNLJOW{H1,ry ( )dili}fHL f~:h· ·H1:wmrMtt111J·f-) '!f}r6%Mi8:M· 
xH:¥~'.tE:&.fil jhj ¾' littt, ti & t~Jki.3: ~id~ frtta fi{_J Jljff}m, iM {dfti .tll Jt ~K11TI ,, }¾: p~j' :t1t tW r~~1, HH11 
~~*~~~~~~~m«ft~~"~noottM~m-*~wn~moott~.½~~~* 
4Mtf-t'rn [f'.J YI: 1mm fr ff1i t~ n~ lll , JA 11'ff fH,1: flti '.){iUl:£ ' ?&:i ;j3Ji.tfdf1 '}jij iHr: ·~t WH'L N: ff ijjf mHiHt} tAQ: 
rl·~J 1ff:t1Ht1 )l/:, 41 JA )tt &\' 1f'2 ·f fJ ft, jg trir* tf-f''rtr:ik Jt Jl fTiJ nJ t>H -~ fi:JJ~t:;f-( fHft Jt.i ft at, ~ -t+ f1{J 

t\'.10lZ H ~W :i£ nffl!Jlj 1}; ft JYU 31t lYfi.l\ '>71 It U {E iM :Uli: Ii ~t I:W !fi!i" WJJ~ 5iliJ0 .ff1 Ii'~ Tl'J!. ;Ill tl{J J& iltl!ff! ti:r 
J{ -,j l~, B '!tnfJ tY.1f,, 
[ 0020 J ll:t )/,, nJ ltt m EjiL ~\fl{ fi~J §l 0W Yt nl::i~l ¥i 1~1 }K H 0W U :b% iJtM ll rn fil fr, )),_ ffli ;/tr :-tti'~ if!. n<; tt­
f!J1~\ f ~ t 11!, ;w.1% Hi%., ltl .ut, rh T· •:$: Y!i t~t ni: , fiiJ :►r tvt .unn tf W; J{ H t#d~ 1Jt i:Jc H rY1 :iiit ftt!-t ;fo tt 
~~~~~.ltl~~~tt~~~~~~Acm~.~~ill$ill%J~~ttffim~~~~~ 
fr=: ):-1gu fr w:ti i\1:A ,, it f(: ff~ tHm ,Q;,:@LH- '.~ ft 7t ti½ l(:Jl',f ~:J, lciJ ~1' F>1% mM~1 f, &':,jf 8~ ~mut' }f: Jl fi:. 
li1H11 r..l ft i"F .iili: ~ll fl~ !Ix)\ ( }ij~ <X' Wt!ZD {Ei';&}Lii:Y~~ rt1 ) " f0.! ~J:!' f}l*·H rn:m B- nJ Vt:iitY~ r:-:: T 
0. ?>mm, i'./i1:JUzt:/jl(-f 1mm, N-lfftJit};J kT· 2rmn,, 

[ 0021 J i*!,:% itH/LwJH:*: ~HW 1it32\l :;!;;fr H~ t1 wt r%&!. Fit< ttf ftwt ifU;iJ trJ :t:t :¥4 ,, .rt H • :M1 .:+-f1 l:t 
T :Jtfmi.U~-+1:rttftUJ'.JiM.filt F {t'.ktnt.uxifti~JJ f'(Jt:tiJ,+ JTIJ;fjjlj{} &2J<1 ° f§ljpp' {1rni~1*~)tHHtt-fdl 
;1./if"iHt?ftln'. 260'C n·1JH1}1CF'iiT 1Jmu)1 ,, DU;],, nHcr!KffJ''.trhFJtHfitiHffitliff1fJ:*tH{t(Et#itfHllf 
1g -F ME i;,i] 0 fr £ti; J~ ' A :U1 H 0[j; ' -m~tJg,: rx& ;it; fl)!, i~l.Uld'f MUW: Wf,jf fHfHJ :(E3¾ lr:~ ililL/!rFT~ f'2 ifrl 
i)]" II!Jt .. :t.1N Fl\tkf:l At11ft.ii~t-- -.f1i1 T:E1t\i1&*1 ruZi%JI-Fififz;0tilfriittlRc Aid,'· -H1(E.t§!8J 

illLHt;ffl Jijz}l)J ·F;,: &,;)Iti~iJ 8~tHfr, :Qi*j- ~Ht ftr~1J- • Hi1t 1j Jt ftl!.HHtth fr, }A 111:iJ,J'.g,m:tJ-:i: 

Eoo22J it1l:ttfHH~ i1r rJJgfffii-JHtlf:rJ}W<ttVJh~ fr:f11 0Ullf1-. tJ.NfrnH,:1>11i~t:+::nmttHPJ-12 
~~Q~~~fil•~" ~T~%tt~~R~,~~~~~~~%tt~Mttillff~llli:fil~~ 
L~{-tlli1%'{f"t:1'"'.n-~-H:f;HiZ.HM:tt[IDift:H'.JJUJlt1M'.0ilt~~ tj7 [j<Jf!fifs~" ft~ iM' ffLiJJfrt1%tW:fH(tWd4tJ~l{i 
t!lf t:JJ .£!:rm* ~t.,1&tV·1 ;+: if Mt, r.J. it J,A rj:i JrJ 1v. tV1 ;f( t& f'.l<J ill ft f'ic 1-J tJ fr J:.i2ttr-½.:¥ if £/1 ti~ iE .Y... BJ-M 
fl-" :i3:f+, liUf+ itt!,. it:jllJ l&\fQt1J1[Z fl'Ji~½ :'-,(:t-f fit;K; t-EJW. HI .w: H ft fl'J !;J, ,~¼f,fl: -~t fin. JA ffff.r:iTfJt £:'A: 
1% JltHt<J iW.ili: rt, ;x::?t rt& :KHHfff@JHt rt, fl1;J :;c f,liiHfJ t'.k-it: < ~t + Hi itt{tAY fTiJ ti~~¼ JMJM irr LG T ;fn _/ 
vx:z HLl" , i::i,i: ~" if!, Wt fl½ )j( H fU'. z. !YU Fl0 ·;'.t tit: l'tJ /n ~t ) ,, 14, tA ;,I{ F , 1~-w~ H nt HHiJ)j( if :"ff +t H iiJ t), 
:Jf(: !ii t1i PJ 81JH 14. HfiH~~i~:* tHWlt 'Vi 8{J----· itt ;ms 7]' ~{it}; :tUf; JiJ1-i%HWJJ:l:n''. i!¾f1t:.K tf Mt 
iiJ ~r:Jt -fr.T.: WU n·{j t i\1 Kf:¼'. L.'L.N>F FU fi'.J .Ifill tw .fn :RH$: f( -,J " {Fff PHft {)(. F, kf};)f(t:Hft ~tl'iM llli: ij' 
u.ui:ttit' N11Trt3&ff. Jt 91, ttr-93& 1~H0ltVii.14riJ.~ (:j<J .f& j}tj)Jt}f: f~rn. l~·ix:ftHJHlHJt I if{ 
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M*ff*~W%~m,W~½n~~~~m*~•-®~~WM%~0ffio «*~00~~ 
iik I~ n~: ff] it¥¥: ffr :'); ME Ji A q:i , ff fij -.% ~v,; ns ii:·½ -:{( H tit: fiJ l~, :'h .i::~ ll fl<:J [j fl] ;f;lj it! < k~ Wff' i:Jti~ ti½ 
,11::, rn T JLl n Hl Ht,~ wl 1b Ht rr m 1ir ii& rt ~·t ~u ;ft &1. ,tt( Y[_ tt, ti{111111l .ri 0r CT) rt11 ;tt HHt A{1 rl't 11 , hf 
fi'1~fr1Jifilf1JJH1!'0;iEJ~tifl{JffN~s<1tlfm,,, 
[0023J rntrnt:t£ x·,:1r t::.l:+uni i¼" mztlit ., ~p1i-tffMJ;., ffl.4#miJ tfJ~,½:t:tlffrhx:5t riJ t:J,I~:J\(EJk 
*1~ 1'l'Jl~ ·lJHW ttitH 'WI· i:r . tf~ 10-fl )SI* 'N. >tfHt1 W. ffJJ.ffr :i3U:&dL L ;~:*Oili ~1{JJlfni' yg fr) JL H~ 
!'l{J !Wi.ll1i M J:\· ' lilllt. it !M irr:L z>@ ft , rbJt1Vifil!: iJUi RfJi}t~( H tfh1} ,i{.t i:j:i tJ ;, rr-½ )f( H Ht~& B-, /~} 
JtlE ;~; 1W tJJ ~1-l F ;w, fr' f-t~ ,.ffi +-f~ tfif JH t& )=ifr Ht Wt Jt O Rt~ Iii' 'fiJ t.J, X.J' f¾: ;W J\" Ht fr rt JG ' I;)_ t~! ft 
~~~~AWN,*ilill·~~~~«A~#«MQ#R*~R~%ffi.~tl~ffl~~~ 
1}½7 n fl):_/\ &it* N Ml\ fll f:l-l :*: ~H ff!\ JJX j]' ft] S-1}3- tt ftt )t , {5; ill N~ L z: rft,: ~I(& ;1;l± l"f' fr ili ti'.J ftt'{ Fe '.M :11 ' 
n~.M*fffil~-~~~~*fffilfil~~~~~~~~~~h.~~~ffiffl~A-~~4 
}W Jtll .~. (J<J JL' lf 1[Jt ft 'i:iJ t.J, ff iW }\- Hf .It£ 1

") {L {~ m *. )t Jt f:tl T i-frr: it ,;t1J ±lli Jfi fl<J nr n ti<J l'il 1* Hr. 
w~~- ~ft.~~~iz~mill~M~m~~oo~~~~m~Rn~~fflR~fi~Q~ 
fii:,:fJ ~ 1~·£:(t:}?ilfiwt~ fl: fil1Wft1•1;I-1nJxk t:J.i&ti:tJi {T'.#f JfuiJtrntt, ¥Jli lH1, :HI ., wt:tJttL JtF: Jlfu\t 
tL. tU:i':11,, EST~e;i!ftiseH1i~J'(qYJltttJtlit il\!W'Jf~ff / ;ifzi\SrVUPTiYJ.l\·;jirj:iu:L?;,11t'.iij-nJL:.l 
?t IW f J'.f ~}[ Jl ll3J. #1 n'tf 1J ;i).;;, iE nT U, J,: JW, t~i j> PX: lt-Ai f ~ :(Ilf JUtt!.·f t •'}!: i')J Im, ~1 ?t J:1~! Wr Jtl:l W:. trU't. /''. 
1J :f fl17Tl'L ;£A+ 8,;J ~;8 ftrl .+JM-lii f{Ht ftllJ5u 1r Vdti: • H \ J tJ.ttt+~ flJI fB ji!Jti<J lttl , i)~ iiit 

~~&~ghJ*~~~FMM*m~~il.ilifilMfflf~~~ □ oo~~*~•½M*ff 

m~*m~~~~~ill .~~m~m~m~¥~~~*~~~~~~~~~~u~.n 
Jl Jt :ff t, :ftMlf~'-rn :@t'fJ ;JJiJll 'f"L, 
[0024] fJ;Jllt, XJY. 4',: tz f!rj nt:::trild!l i'',··t/i riff ff, 'H:Jlm:~ B'~}t, 11-½;ftHff!}llfr-{E fin" tru iffi@il 

m J+ ±;~-F 11 tJ& A~ H t:ri m a , JA ii'ti tr iJ I A .':X l};f 110 w tH m M * Jl rlb rJ aJ, r,'-iJ Ni-1G 1i'& -~~ r:+ Hr :1 i' tri 
:i1H;J' nt t. ;fi[ :WrSUlli ¥Nd: i:r 1?t m~ J1Jj ~Jlh ,:_; I /\_ i&dJ.-~ % H- t11 ,, N( ff z , :lill :tt{r +'. §JUtLL ?: i:r {}1 Ut 
1m ;frf, H MtH :t4, tµ1J it WH !~ ti ;W~ .;t h n- rifJ )Mir ~: :.fll M1 }Jif t7J if.dit:, l~, if m!lf Jili iim-f:\?: :,F P1 ntJ HMt: 
4~1\:z..fiijfi<J;li[·ilitcilJ\! ~j •::Zt@, JA tih ;}TJr&ffrit1rr trJ fj'i.)I);{fjfrj,j'2J O P1]t+Jtl1,. ij;1]J"tt1iiLlti:i\c'C§Yi.JJ 
tiz fj,;}ftr::fl[J, fJU2t?~ ;;t 11, f!.H>ili:I Z. « TIIT t HJ T :M: -f;JJJ; ~Ju1:iUt 1Wt*fff ttidif llJlt r:r !1JJ fl-~ )j(:ff £tit 
(fJ~:ifcrrt -~ )\,fll}~@!HL'M." W®>t}*rj]Jlti:p fl~l)(~f[ IU1~/]l:I, :f&.1J\frtrr½ *iHiJAtr-tVi :FA'}(flK{it 
iHH:til! Mi fl{j itlVt~ Ml Hr. ill iiH~fil µ}iu:t1 • /A 1[[] Wftff J·. :r&f&:Hi~U~ 1[ ~th ' 1lt )'~' .ru T l;i: [J fi{J tifJ ?]( {11:il'!¼ 
I~), Ht{l)kf,:fi rt1 ':~~~[\{Q~J{t.lili'fi(JW:1iLHt[ttf'.J§"i~/_l;[ ( [ji[':z?J<,:fll tJtffJfH{t, XJJt, jfr----· W-!:E5t-ff 
f1{J rg it!!.~~~ ntz JrJ :lili: T 2 rr-f1'. 111 ) :tn ·riJ Jft fl: urn ii:g i%" fEl ft. 1w tJ 01 (, f;Uili tts +;;~ ;!SJ 4£ i'E Fl Ut ~ fl mJ-¥ 
/J illi ti )J.. Y! m: 'Jf :Iii!, {E JL ·H: fiilli « JJi tH ~E it~ (JiJ J(J ~jJ tt , it 5i J, , W1 L Hf 1£. :i:E:t•:tT .:1J T !it JW f!'f :flJ 
+L h':!YJf6 :'#llRL+ittV0lkiis tLQli!Hl 11I-nJ Nf f1''.J;t~,Jt.tJ:: ,, 
[0025J ¼ Ff: fi{J i~ )t T ·z: !Vi IT~J----· fr/1 nit rj:i, -8 :J\l; t~ fitrr:l:W~ ~X i#U if!J fl'.JJl.TTJ.qf Hft{~ .~( Hft, Jt 
@,\\{91]frlli1Ht Tttf1}ilf:ft:h 50: 1 !f 10000: l 1Ji'fl{J7J( ( }!};)\. fti&lf~- a:M<J7}(, ffJ.HrnrnwfJf, tl1 
·1r lU,ft J+j J~1!h t'i]'j;J±ff ifu::ft:[ z:;;fnKxtt{@it!:Jt;f¾1.lt1~iWff1j, 12.Jt, ·(;71j:ftJJJ1flll;.,:j[,.f&ttii1 ) 0 :rtr-%1 
~ffit~*H$ilil~#/J~~~.~M*~W-%~~B#A~M*H•<~ffl~~A 
.IJiU'f,ftn,JNS#t;fL~Hit.t.: ft r:t:i-l,;l!;j';, {fh\J:1J/Az.HJ ~<Ji¢~ti.:.:tHftti(J~1'J'ilH~-V~ IJ rj:i :hflh~) ,, f-kt1 
Hi r:+1tr z 11%ttJff , vrntmt tHt iW!z * f:F t1tl11 t1t-1 * ?:T tit :"1 HfJN)l:k, L:J fl n s +i ff Ni· 1wrnJ1K tr 
Q~**~~~*ff~~~~*~mM~~~~~M-~£,~~~~~~M½~~•oo 
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Jt fllii('&)t~fHH:.fll IJ;\(J~½)t:2ffM!j£ ft ( fft3:&, lli:1/c·J2'.l(~Jiuw;~M:!t~lK >; nx!R ?t 0-<iVJ~fa~t4, j{:~tr-W1· 
fif/itJ if1JfUl~ * r:r Jm #~~fVAi·1> 6O'Cf10illl.!:\t. ~ fJU11°:f d:.- 70, Jj}fJC:i!11\j:., so it~;llil.t\?t, Jt q:iJtff 
:1t()\fttl'1·1J'!(:[;;j;tfffl,fiiijf;.fs:J:&ft~]<J~t;;,}'[ ( l~P, .:H]XJT 1}.::1:rtJtftElJ<Jitm:/'flJ!'.l{J $: !ill:. fffT l \'ii, ft15i 
+T 0. 1 % ) D 7,\'{frj, iM2:'lJ11;J;M(J5:Hn11¥~:iJ-i,f:>:zi'iW@lf {JJffL1L 2_)jj'htm1.{E'F±J:111t1:trnTLo vc& 
illf J4 ff ff ·fr :r, rttfL ~'J, NLlzl:ff· t&11Ui1tH~,, ft 1H:fJ tun1y- Jtt1tt1 fJ~ m:tt:1f'tHlili::ttsr¥L.i\H, Jt n fti9 TI. 
~ili~~tt~•*tt~.fr«~~•*H~~~~~~~.*RM*4~#trf~~~r:r 
1<ri1.ti: :k irnK Hf1H10 :& @ L ., 5:st:Y:, JJn A.r~ fmmt rHt itt* tH1'HtUt rti (tJ ~.s% fH1:UitJ ij•~ 0t :tl'; 
t1hl t&JK H HUi~ 1iu:. fii] .T'. }: tifJ JP, it Jl, t;J {'12 11\E i¥ l· NJ -fl+Htt, )t JUH [t T 1Y rt1 I'(,. 11~ tifJ f)l Jtl H 
1tffVH::.tt11J fl, 1'1tf i'frti:i::: :H'-f>FtJM ,, tY Xx . .HI! i1 :/0-Jit-i(: H MtlJr1Aff.1U31t ff ft H Mt rJ-Jit r:r , r1r tJ.-'5 r)q:Jt 
fj\J fJiJHL ff ftH tf:tt l JIUH tt ~ }½', rw fey ihf iid f '-iYUililf\ }A :{]! (t{J 'i,t }~ ri".J y Js:J JL g, 0 jfil i1 tit:_! :)ft t H{l\ ,fll 
~~*ff*~~A*+.~~~~~~+~R@~ □ ~.~~~~~~~·u~mff~m~ 

~11;:r T JtHLfr)l<.'F,, 
~W] ~ffi~0WM*ff~~0.*mill**~~A~~fil(~~+ffl$~~w~-~ 
rl·~HWA ((/ ff ,frJJ J:iW frJJilttlH/l,, Dlf1r0 h-f:911 ·+, f}lj';ip fr!\% r-i.:: (F(JUnfr in ier) Jiltfl\t/l, S'-1 fi~ SilihtHL 
(Inclined Wire) ,Jf?/ l@fi~ll,kiUJl (rotofonnerJ 7!JtiiW.) t'J'I.J.tJLJ: ti-r;. if iL~Jf.f'r:JIWA·nJ 
l~~A!ltl tf.tlL:-!Jc;i1Mf ni{1{~0U tHftfit/,t /li !4; O{J~iu AJt: P1 Wf t?".}tU tt~JJff :)t(HJlj;fl ,, :k T j_;k H nt Tiu~' 
ft:U:t+~·t:\tcfFfi£}'\'.:ij~,7}( (open draws) (HP, ,i.:;:st:t1'ifft~IJJtH1HR1$J 'l (f'.J.tJUJJ" iiHi~•;•YCF, iit?}( 
FUiT l:),lr]i1Jf'.<;:: i5-tik ( JU.t {:L1ahb-'·c,!k r:p h!lHiB<Jf.l>mt) )t~kJ1ilW, !f ~-b {U@Mi!lfrt&:l±HT ( t1P, 
;m:#.WJ lk½'--Lpfit?r~-- ·~1k T ) " x;J-J·fr1:5:ti1fo¥J\F:1\L, till ~,~itit1~Jiilitt\l>l1:lf:,12:,11!YJ, JtJtllrili!i; 
'AJJ'f!i. k 40 t I l'x (gauge) , !E tilil 1/:1 .fil k 80 1l l'tc, H Wi'~u:ifUili. f!f~F ti:. ur~ x'f!i. f:'1 tt'i W: !\Uk !f& f* 
Hr:fr11s.m.1~ c )tJttE·o-rtuPJtt:1Jim) _;fgt+M'J;;:, miJ.xJft~ ( j:i-HiAW.Jt) t'l·tJ'\%'.f@'.nJlJ:Y:dJ1iiYWWi: 
ffL, J;T::zk&Iel l1{J, riJEJ.>:.t-tl.L1.iltt:tY1 25 A~ 1, 500ft/'min rtHi1l*lpg, i;fj}tii+1-JrH"frl+}!j1 
so, llHlc:lili 7.;_/ l 00 ,, 

[0027] fMrf: ( nt .I\-) 'itHtJ!;tJ;f½:fj_\tfD '*Pkkx80ltlf J\' ~} A,. f-j\UMtr£ t:/:1 " riJr:l,:f:ijffj {fii:iff:;T,;fl 
fi{JTJ* fl:&, tJJfJJO !1,~A{1J1~/d;~Ett!1.~Fl,'i:P., lMmtl,~IiiLt1Mt1H 71<. ( 1&Jtftti,~tfl1J) li'i-.'.&mriWtf: 
11t itUJt. ffl.-+ HG m; !ii 1111# 14· * q ~11 ft IB!: ~aorJ D rn Jt, l& T-1#', itlJft rsJ ~1 ER tk r tt rn tr0 H n. ct 
))__ 1·W fi· W- .rt, lt fih f:B iJ JftAii M :H-tH ll ·f Jt {th .M .H- "i'iJ t.t i'E F~ ,J ti:! . .JE tt 7Y lliJ ffrH if 1li i% fr~ iihl Ht , 
Jt: B. Ii~ Pr M& fff . JJJl ~rw .~ ~'E ~M E,)2 ~i tiiJ $:M If kV, 1lf; tn:P JW. ttli xix Jt f tkl\z:, il)~j , 

r 002s J i+, .Lft. ;4,-u m WJ w fiT u m1 u * 1J,il ~ Jt -ft 1¥1. nf ~ti v-:1 tf'.J JW 1'.fil'. ;F PU , * -t1 a;rj :* ?-Z 11Jj r1~1 iti, ;:m 
1;~1 n~i fl\! Nr Ju:] tfl.11~ tt fig O gt+ rr1 DJ rt 11ft: •1~r ki fj\ J!1U@U1 -~ f:)J !i'J ;git itliJ jfu !Sil: frJ [ 6 ~!k't(ffij 1tic 
m.~~~~0~M~lliMm~roM~fl~ffMM~ffl~W~o ~T0~illffffig~~~ 
NJ-i+lu1B fj'~J)i)j~ ffi(l~JH/Hr, '.Mii&Mf nJ LlJlt -tf 1:E?t"{lH'LiJtll \f:1:1HL f:N!JJJ Jlj:klW i--}rillf ?UJf:f!: 
*~A!iffltto~W~IZ«~~~~~~~~*l~~~allifil$~~m~m~~W,&~ 
h~f,ajU%ffl~~Mfflm~~m~Mfflmfflffi=~Mm~m~ill* 0 ~~~.hJ~~ 
S{J !J [fJ' ·ti:1 JJ'ifd&, .ro1Jf!,H.'.f.l fit 0:tmH,~l¼Wrtbi)U5c ffll + y<>'. it ff PJfif1 m:~ (fJN:N1 ;~lllr'it #S{JJw 'f;;:, 
F!U ti~ "ri}'t:J, ?J:;1/ili ¥ t Hd.iUJ;; B* ,, 
[002sJ f1~1llt, 4<t£: 11JFiJ1· fW (:nAthHf1%fftHtJ ))f1t·nHJ, Y:vJvT 2:50 :j/f!z::;fC Or.i:~ fJ'J,T too i*-t%. 
1)!fiUlti1'1-T 501.~-*• :[;1:jf f:Jtiz~YFJ•T :1::; 'f,1:tf;, ~f:ftjt~.1sr+T· 2i':i 11,l)IC :/11U:JH:d~, 1:iT~t 

~~~~m~~m~.~~~$~.~~~~~m~~mz~~~~:~~~w&~nr:r~ 
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1t trJ !1t JL +:H~tl~ Y:-;; T j;bj;!J i;\ th-* fr!J 1ft ~ Hit O K<~ mr; It.!, ?fill% .Ht !1t Fl _JJ{ IE fftt rrtm:. ~jfi} I!J:.H Ni 
1t. )tt~ at i* r:r n1 Jt; 1th ht H 1;-r; '½" l'l(-J :n- }!H4nn L:JJx Jt rt, PYi 1:le #t ftr lfl fw¥ nu Nf ~r~: 1¥: "· ITT 1it , Nit# ii r1~1 
~~ffl~~*~$~~t1:TW~~~~ffio~rl*~~~M~~~~~$~ffl~~m~~ 

k{HJM. im 1ue :N ;tljj:l[l, ¾ T fM 11' JHl f,Jt, !Uy i~ UH\~"!_ B1TiJr WffL {:? flJ '1? '\ l;fi .h ft~~' ,Y, Ill} 1t:Kt l/Cl:z 
f~Jj ;]1± ml_ l:j [l ~ff -ff J+j lt ffti ·Hf fi';J ;Qt{f 1g flt tWi JJ~{ r1') :1:R tYt, r1:1 '1%'. J:tt rx jJ- fF 0 

[oo3oJ f¥t1iJJ,H,~ti:rvfUftft;.frHl~tW.JH1lrliHtlf\'):#11UrJJt·i1kWtfo1c1t,ffUilii\o/i\ (:tJ JJ'iL, ti!, }'iJ' PJJH 
T- iµrjj'p * '& fj]j fl~J i:g ;:1l!X1% Jff;t,, -- • t-1J Lt Jlli }AT; WiJ n(H~tf: tHfHf! iKU<'.: Hiitff Mi. itfH:tJJ:£1:T it 
.'.[{f •'81i'htf ft C JtfttLtifJ i¾:1:Tft8A11i-MfJ:!:1JjL, ::c Y... trfl [{~ U:~, *-'~ihL, "{in'lU~ (air laid)' N !~IJiL, 

~~- M~-~ffl~~~m*ttmAf~~~~M~U&~~~~**~~%k~m*tt 
mz~~~~~n~~~~n~~ill*· 
[0031] tJJ'.J~: L, ftwJJ3IJ-:l£, Jti:'f(:HifH~PlJUf;h\::it"' JL" 4':ft, }( I:LfJJt:KHfiiJ~;jt T· ikftBJif 
Ll LU,i:l~Q .J, Jt (fl n<JJ{ J. {E!:i 1'" H"t:RX./tf;1f liJ rj:i ;J:ili.:'1> ?i~:it* Ll:1:-1 fl\J.f'Ut£' ft: fJ:°tt1'" 'J.z11fi Wu tr 
vut. :tdvHJL@Hl'J futJ.!L )tJLIJt M .{E 1!~ ft{;( '/Wi iJ.JJ:* f{} :,r.: F'i1(:fHU~V¥ * T· ' ,iJ!15:11.Y. f{ ~11(:'¾:': ~ti)K tl 
01lt8;(J-Tt[~),(ff 0jtf1~Uif:!{ffii'~t 1~J.t Vlj'fi !WfJ,.-:i[:fq)iliNi-~20 rt, l11 {L i'i''.,, }Aifii', {91_i ~Q, /[:j['-iHilliiM 
;]:lli T 1-'!JJ{J;ifilfDrfr-®:' 30 % ~(J;1,½~:;:Hifi;,:<;j- 70 % f'(J~1½)1<:f'f i1Hi<J [t{?IJ~iHlUJt 700nm 7i:i 195nm {U:UM 
ill :fl H: _, iilJ .l O 9;; Wt )i( H Mt ./ 90 % ti½ ;f( H tfo QfJ JJl <t ),:'(j. tlt fJt:fr {'Z t:i 9.! ,j, Q.¢J fL ft fr ,{ff ( lJ .& Jt :rJ! 
;l:51 :~J fl1 Ri ml , W1J ft!J 2 30 nm Hi 130nm} ,. Fl! ll:t. :!fl JJ11l it N1 T; tif flJI fl- !¥J i';t; Hf , f:'.f-{~;Af Jtj fi i-iJ i:J, lf11 H: !Zll 

r~ Hr if t:r: rM Ja r:J:i it!: fr +g ' tj rm !!(1• r:1<1 ~'k ~rf wrr ~- f1J Wr wi :tt r:1(1 ,rL 111{ * ,_. i'iJ t~- x'}" ni: ;t}!J :m- fr:1 i¾: JL 11: ill 
1T$'.Qlj Ji:, [Ff~ +·:J::sJi:tr1:li:-fU7r', i/{ fJ5J;1tf.titlL1}";'iJ LJ.1j, f 2000nm, lt·f 11',·T l 000nm, 'filci&+· T· 
700nm' !1.LfJlm 1JvT- S00nnL 

[0032] ll:t 51~' r& :tJ lt Jh~ 0-tJ fl' ffi ffA;: 1/..i.. l~Jj 1t·1 g ;'.Z :j:;'f 1t{J. :;f'.: H rfUll n½ :;f( H ;qi; • ~l~ g IT fi') Jj\)}~ 

I¼°% JJt, HI 12 iiJ u, f~ ft ¥ HH 1l~ iii tiI fA •)'jJ , wt f~ ft - -HH * Ji ~1H 110 ~u rru !mi Jm M ;F1: ?f ,:b - -NI- Jt ,1tt!, :+ 
rnJYt~iM !YJ.:{ff, rfli'3S:f.J)tt;HM T fr1H:;W, aJJ 1:l':l-!a 1""'lk 11fj (t(J Hf JM r,s ., 
[ 0033 J fr ll:U9iifJJfJ 1'0: 1t ittdliikll(~ i~HfflJ.fu {fllfrT- ritU(- -;~k tt! ith ff JC: r:g r:11 /1h80 tt :{(, 3iJiT U, Jt1 
T~M%~~~fi~~~~~-~#ll*~~WB-~~~W~~R~~~W~"~@.~ 
i1 t:/ !Jilj ::t, V: lifj (:]<J :iA' :f1j1 j;Mj Ji~!~ IYHL 1f. r'IJ L;L ,Wi ·1t :!ti!, ~:;'.I: {tf i:K 11·~ }t'filJi{J f,j'ttffiJtt-1-::, Nl rg ,l}J ¥ . LJ)k Jt 
'flh/tflto 

!si1ffili~~Ji 
~~J ~1£™~tt*~m~~~~~~~M&W~~. 

[0035] [ll 2 fL:fvBHt;f::;'.[.ij;f(fH{Hf,ffUfil;frj !:fihl~,1%Htrn~J SEM W3&mU\'" 
[0036] ~~ 3 .f-ll[:'.tJ 4 J&?t,:/1:fffJi;:ti~tHH: / f1!;_1*fHitt,.fHiilitffrtf&JJ!MMt#i-l'i~ti<J -i'"i}HE(;lciili 
~,1;fJffi:1T:rtAU~ 1000 tn 2000 Yf8-¢J SEM HLii~-HmJI·" 
[0037] Ill 5,+11111 6 J{;;,t;. & WH~t)Kff-i'#! / f!IJ*H·t11+~tn:tfil:;f111~5ful~%JJ1Ml1J ftJ 5'J ·fM'?l 1Jc:iit 
*tiliil:TJ'\iJik ::i000 ,r!l 10000 f&f1'0 SEM ,1mfA\tftHJ"i·" 
~~J 007*~B~*~~~~~~~*~~~~~k~~~~%MOOo 

~~~1Jt!IJ~ 
[0039] fjftli fr-r· :'zt'rJ;J\1Jti ttfn :l~' G~! fM tttYJ ;4pfJ Ill ;fl! :O-~lJIB1:9ti W'rfflf~:1.£:;;t;:'.kz 1:Jj & rtiJt:U.t 
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~iiilifirt.tlfJHr·H%0Y!:" 
[0040] f~~*~Hfr]'llfy't>!Hfft(tf1(Jl+·/>'. 

[0041] f;t)] JJW~, t~t*tH1f:"nJ l±l fl Xii~~ ftt~ ( l'.&Jt;rn~f fr't1/.J) ;K,j,J~fili. ih:-!.f(fr'ttrtlA-fr jfil 
00~~?4ffi~~4~&~~~$*#-~&~m~ffi~~*~*ill~ff~~~~~h 0 

i6 t+ tfJ ff Mr: i 1l :Jzl: • ";:t; Ji, ff Jill :ctmt ff ftwc::.~ fl:J, t1 >t~ A( .5-1: Jf:!\ lA Hh i\~~ kJt -T fE '1}' fHm *11 mtt:fi! 
qi ;f;lj T f:!w}JE rYJ fHtt. (I Hl:W illf tn rYJ ii fJ ,, li ·tt (lj fffft Yir tJ f±I i:M ~DKH tHh ~'{( '¥~ UJ;li tf 'N'f i& tiJ 
f:f ' -KN rlffy '&} J: 1ttf 8f§ H ifo iµl]jft Jj Ii: iM fa ,, Lit }1~ , .i.t f:{c !I'] tHff; nJ 1:f ff fth rH fp )') xx i:& fr H Ht R. nJ 
jffijj_jf:- -}.})Dn [f32··s ff] [l{j k ,j,f[I i i&Jf.;)[}((Il~l> fJx:<!JEft, 1lfu1 nJ 91- ·t1] ;}~Ji!! ?f#l (split tab1 C 

pie fi ber s) , ;'f:J: ,% ff f:il, ')} ., .i8 tf l'f0 H fW rJJf&: lJJ J& it lffi !'it t~ IJUtJ T 5£ • tb )Jl'I T: , it: K .fJfbJ I J, 
T 50mm, glt.J,-T 2f-irnm, J:tt:tt1i~ 1J,,-T 12mm, .i;Kt+ fi"'.Jt:Hfo tr!)infliH~ l(: l:Ufr-f !.!t!rf G<J /Jilf ttDi'.: ~t: 
iWifl~~.liLJt, Jt-KH!KT· o. 5mm, KT· 1mm 1iX:Yt:1S.r(·f 2mniz, i~Ff:A%HtHtU1JJJtfiLJ;,t1l!:,,J"fJJ 
ff #trn£ 1f lLl tili.m ,fi~jfil:: i}~ l i"f~Uili' :fti 8{J f:Hfi,, 
[0042J .m -rt,:?.t lin ffJti.½A2Htff 'fiJlfili1Jt:M1r:iHr:t.trt-::1Mit, Wfi:/m;ife §~, rt£ ,t,Mtt, tbJhkt, 
}tfttz rx iH11 JXJHfft 1L Te i j in HJ Hi l 1 s i~D )19 iTJtt i'iT Ut:~ t'(Ht ,% ¥.l~ ·;ft fHft ji n ((/ ##: ,% 
W~:¥Ht@Wi·nNtrz¥J::h NanoFrunt f:ftfo, :tIF;~:'lii soo :'i\ 700nm l'I~J;Ztx{{1 ____ ~1:prrf1Z. :mt:tfiH 

Mt)" D.i(,nes ffl Fiber!Uo L~:f:Ji:12flJ?2i{/fJHd.t;fZtfHM1½;:,<:H0it~J1lilifijJ:%-" X:,rnofi Jt:iiJ 
f}ff fft fl 1'r rtl M1 F}if t7J wt Ji "r}J'ri f*-H A--: rk?t.Ll iili:" rt1 ;H: r=~ *· i"'~ tifJ *';·*Hf ft t~ ftJ 1W :n ®t Wf& JW, H \ 
fJr.H l'f~iM i%ifil 'i't, kl & ll htUt ldtJ10 1:i<J'l't fit ,. 
[0043] r:gfJ} trfr,q)t(:?f?il:ttJ 'tt: fB H:1:'II, E-Spi n Httit'.0;.%i, QXR Elma.rec, {f.}JlH: u (1{_11\ 

;;h'fHK'iM. L:':',tiil'fi" :Jtrnl ,t:-;f1Jw 6, 110. 588,6, 432, 347 tP 6,432,532 \H1 -2}:ff I ,YJ~Ultfi'Mt 
ffltfl0rr~f'¥iHft' ls: ;lei:; ;1:_-;-;f1J!};'H¥1JI Jfj T 1H:fl ;Jg~:~ 0 ti~ iff1 1Jif t)J 'f,JfJi¥ :7lHr. F"riJ rJ1 ;it;•/tt~fHibtt 
G-Ji{tl·fUW j)IJ~itJ)tU+Mt" Engt nwn)d FHwr f:Hz l]J 'ff:iji)j·; g El1TEC',;f~ t# [:1:1 JJH Hft ((J tHibt 
ff l p;j :t1J it~?tl nt i{11.i 5rrJJ<J ht*: ~HW ,, t11, Yir :illHt t1J;t1Un M; WJ f;JJ ;j( N ;Jm L ){UJl' -)y )JD T. {I fijjb: N~ n-1 
tl71)KH?ft L;J, 5t 711 tf fit, /A mY fft (Lit ·f1! J't Hi U i:Yt it :jf'jJ!;iJlttilJ Jm :i: .. , ff Ni~ rri11*l %AH!1 #.f:E 8~! tW 
i~;l F, ·nJ '}). -:t BX 1: 1).. 1:t.i! ++ (:f.J ;w; i}') tJ] ;IJ[l .T .. , 

[ 0044] ji] '7ft, fJ] UH Kf ft fM )Q rfJ wj 1( H iw fJfJ .j:~ "?[ l:t + M T ~J Jtt- tti jj' :rt; ( fr1) ::m, ;'.-14 S?1 ) fJJ /Ji'i iM 

:Jt:fµ/:1rr½*?H%ri0:t~~ !:t., xE-m-&-:f:um 6, 110, Fi88 q rr '1611&·'.i-~ Jf T ·tr/1.it::t+ tf:Jtt~ w; l~, lt 
~lt':H rn T1H:ft:1/;;1$i)·" f;f;l1H:, {C 1'tlti'4tiip);li!lih It:rJ:i) M;¥f;fN10(rfii'nt~ H:,kT l. s: l, i:Jc 
izi;f:T :>,, 0: l, ili{ititU:T fi. 0: L 

[0045] iE [t1 fm J.tt ·' iff MIT tW, wnmt11 }W M;Kf::HHt )tJt1i51tJIJ T t~ fJ tt~, ';'iT ~ f)[.;lJtmu+ ft fllri 
~Mffm.~w,~&*~mT~ □ ~~~«~~~~*~~~.~+mT~Mm-r~ □~ 

~~~~*◊Wtttt~~~*◊W~ffi~. 
[0046] l~ 1 .fil [;f] ~ ·fr )~lj tlt1Jt T U£ C()[ gard :JtJtH!fM)f:J-f;l1,t:[:.rriWl*HHl!'it!fHtt rti)ful;~?5Ht{ 
;t.J:fl rn J}t:Jt%/i,l'q OfJ }ff~i'.hi~,f.J:1r" {lt1Wi>t KE ntrJib:, Ce lgard ~\~nEo·IJ)jj;g/i{;JJ Ir:~ !h tHflJ,OfJ;fLH:, flJj 

,W, Yu tJ, i{I ti J1J ~n 01;J .Jf; :xi: .iill i1JltH:,l tH ,fn kl ?tr:« mf Mz x~ rfo JI!: .1& " it Jr; 11i!i fl~ iw- t~l 11±v1'.i. Ht rJ:111J1 it r:f­
ttt iJirJ Jill • is Jll ftl 1'1 H nt A. 1 J, rn n tI; FJ'J HJ - • tt It rin 1m Fl0 ,. ts :tt t01 ·* H 0m *:~fl h 01 r0 rH:iili frj Ki . 
ki~tMf;;[{Ebn :c f:ni& illjjJ lwJ 8¢L\~, ft,·;JJ1tj1,JfU~Jt-'l1:-;tf;1r£.tl''1, }/ g/E!°91'1:T f/JJ J-_ j-,~+JJ:J '.'.iJ" ll:VL 
frtV~i:kt+ s<J+J M· nJ t~±)J :::JJfu."1:Jffi, fU -tin !ftit-ikt+ 8{Jl;~~Ht\t})\ rtl rfu, Y!U f:/r ItiM jg r~ ~ff ,~:;_ITT 
mf x,t III .. 1~ 1, ·14:; ~l\\f!iifff -¥r i-l r:J<J JI; N~xr,~ JW!,, 1J Jt Hi fi. [Ii 1 IWi H% {Et~ PJ 1T l~J 1. ,W,_.JJ~ tH £-t-1 ~l?": t: t1'0 
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:1f.d:z ( JJ, iiW f:11'i: • •• i' Ji lfciJ t.Hf tH.Ht:4 l. :lH:fA I t&Witt tfJi.m J:'/J riiJ tr N1 ~liE!l. ; ·2: A 1~·~(1iJJJb, 
tH fDl ·H ll{E thlt ITIT'ii rwJ L RfJ'.bt jl:/1 l1liif ij / ·?J; ff~ , /A iiW tu Nf Pr .i&-!:E rg at m1J :Ufr \l.t rt, :J: ifo~ i~ HJ _:j !, ',W tJ:] 

xt §.lf:<l>- A.Aft !ttfi{J rt!.It~t~~~!lw-i-H4" 
[0047] ~1; :3 ,j;!l [¥1 4 r{'1 ~JMi\~{HH j:j·Jf;,:itK? :B ti(J?t;;?'J:.rlJ]ti HJ:ttif -1J.i:b:WS t :IW,frt~;f:/'" M1 ( Jr~ 
rurr P ·r#;hfrfl7U :~9) :;t<tT~fBJ t1·~fA!f:1 ◊ fttt>1tHHt:fnfr-½w~0rnHn1:iM.t1 ◊ti~1 • t-1M,-tf:1:Jc]it~ 
HiliJJ:rt:f(: EFTEcili A o 1 o A JYi tHt1Y1 ~it pq :l;t fNf HW= .. 11; Jt :ff J:.: .;;~ r:1(] tv~ *ff Ht: PJ .. & Y too rrJ1~)K 
i:Hft ., f-r-?:'E TJt----· tn<r tJ<J Wi ffHl-~ * H HJJ( (l M frM~tff'Hit rt; WlH it, 1±1 .8:i:\tH rJ. i/J1Jiu tJ<J fr: 
fHitnv'. J\-~T lil 3 .fcn thl -'I,. fl:,: Jg Mi-+,~ .tttfHfo nJ1i}t mfr¥ ftH tl-. ·nJ !~1! Jt; itJmj£- • tb 11&::f:.: 
fHtU~itt • tv (:Jtf tl½;.f.:ff ?W t~, :P;~ f{ilJ ."1f, tJUtdl:i fltf fl H: f11 Jt i&!. tt HJi " TTX f:'.i· • >iJttr-i,H+ !iJ ¥t fHtl fr:: 
'1 f: i.Hiikff:i 1g ill; t~itlJ% * fq,· ,, l11 f:i :fll [4! 6 rp f{'i ltj T if .un [\{1./Jn \R5U1~ t-rnt fl) ib: t¥- tJ'.J +w: f¾' ti'.J Wff ' L::.l 

F~W7Mm~~*ffffi~%ttm~~illtl~. 
[0048] 3-Cl l 

[0049] ·r:sti'f;m;:I%i*0lfft _/ t~.j*ffMtttJtii 
[0050] 

1M It ; g/c111° 1.17 
,t:fr..-f\l:l >Ji:£. :MP11 450 
~i', C.Pa 1.0 
·ti>**· % 15 
~!W~,t~*},t. mre 45,6.5 
~$'.'k#Jfl~-~.,t* ml !0~700 
BE't~m~. 1.1Ni 50 
OO~i¥-, % <2.1) •~*• m•~ 

[0051] WJ JJW-3&, lK.Vf n<Jff~ft?twi#ff ·Tf[Ut.Vf rn fti'Ll/fU q:i, /}, 11h iflj·f W, .A:i~IJrlrr::iJ~,j~:ffUJ::i: 
{Ji' ':f.?'i:17_~1:j:i. 

[0052J 4f,ff!jt +-- ,,.,, Jril:. 
[0053] 1~r: H\ ¥H4Hi 0- l'J J,% W>F !Bl N<lf [jj 1J::k}f41 r:& 5} ' f'.::U{i {IAD'· Wfftjl nlt:H- -pj 11. A. 1~ iLt/5ij Ju 
:r:2:.: 111 • Hf±/ill TAPPT ;((1]l-:1\J:.U2'-; T-205 H1U;'Jt:T-J'~ft~ (handshuet), ~:fc} TAPP I i:\iHH.it/iU~ T-205 11 
fHT Jt-f'J:::f.J:®i§· ( "Jff;'* J., :tzo LPH:;&, - 'i:S.:,Wt 1tfE 01f-'.}Wr&:iA, iWft~i:&f.1':£fflc1Jrj:iJL;'faJ tt'lJJ&.m 
·T;fiI itt:J:lrr rti fl{J i%@tJJ ff--f'l, :Jl t1 :h¼:tt::r1 ~Hit'' HJ-t,U {re r in i ng) ", filtf ;JtJ;§IfMtJ h'X 'l'.'t-T :;F: 

±mi<r& mr u fl!:Wi:ff1J J% ')} > " :'.t/1: JL -N(if: va tu fri: ,ir~ fi!itWkt++' £Utrill fli NHtJ ., i:¾:?YiL rt, 3llii1 iWJ 

~~*~~~#i:p~tt~~WM~.~MU~~~~~½+~~*~~ffi~~. tt~~lt 
,¥~Tt-:: 2,. 

~~J 005~006ili~~~L½f~rp~~~~39ffl*· ~~7~~t~ffl~tlC 
f:.i'i'Ji}'&;ftfHft,f[it):.rJ-,!'!{Jf1.½:)J(ff fii,), ff: H th/Ai3 ilJ.,'& i*tft?hJ\- rp iiE'.4.;{Ltt:¢f;;f/fli;J i:p{-f:{rffJfl~ 

*Hrft(ili :1.b ,. 
r 0055 J wrn m: {ff ti"ti .rv .1t 1+'. m 1:& 11 t1 [l<J J;. 11, ni 11} tk, n1 T ij 1 -1\. i,ii, ;r,,~; + h IQ IQ ~ib r:~1 " -~ 1m, z[ 

·ff:i~ lg t+ fi'0 U}'. A :t tlb'' 5t +fr Jt: itrn t}: lli ;::1_g 1;~* m~i t[i' 8~ :t+ M1 ri<J 15 j_fil fr Hi f'r,: Ir!. ittl f)M H(;~ tf * n<J K- f11 

tE.iV!" Jlt·····)l:, {r.* li;f:IJ':t*:+IJ C1:,lgard t~rW1 1efit-li:f1Hiia·fi£1lJ1l:tt'f.W1j :W!:t.@/ftIT! li;f:IJ 

7. l 12, 389 !i"J E[!.}ll!J%Htt1f])f(:ff-ti1${, Jt,11 A-T·tlt; fl 'JJJt'~ ; L),l.z~t,'.: H C<::,l gard (:]<] tt!,it~;\'fi/Jf}L. 
roosGJ '.4;:1wW1: 
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[0057] NUfl Engineered Fiber fl1± EFTECrn A--0!0·--04 Jfif'ffUffn:t1J\/[11Hftt ( %'&W:iHft 
tlliJ;½-;f(?:'ft{UJfJ?'.J:l.ft) ( ff:;11Jki¥fHit) :fil FihcrVisions T4'.W tHtL {H±@ TAPPl ;l1J1JlK/TU~ 
T-20S iMiili:')~½mW1] :16-51. nfi£ FibcrVi sions T:126 HHt:fAH.<":t 2 IL Krttnh~ Smm R0 f±=J1It: 
(i;_JfiiilH}1 ZJtr1:\:,'U;l.ili:OtxXJ&·5HHfL jf: JJll{r~l:SrVJ 17 tttW-: ( ff.:_;A;~~tntHft)" ;l'(-yt;)'.;:((E.~\i)D 

·1.:.· < ---· 25'C) P 22001}y _i ttl-t.)tJKtlJJJtT·i~f-tliiJiimtxJ{lt:t.1/U" :tf. 4 0frH\ J;t.'.iJlf,i1Jr1Z1 
1~HHt:'r1:J !;: , 'l') [i) tt?t;;cRfi ,fit)\' Hl ( wtFllt), Tz ,~M:-i{fS[tllTLlilJ{l~" tRml TAPP I T220 W1!J 

iA J i,1!1]·110~1¼{*)¥: I:, win·rw' t-U~\i:Hi.ffl;JJ1tj1/t. TAPP I T220 'JI HlT Jtfr:::f,r~::jy ,, 
[0058] :?-;( 2 

[0059] 1%H%YUw 
[0060] 

H 
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.ro 

1).49-J 

rn 

[0061J JLVi!Jt~i:q'NiWi, xJ •w. iTii'th rk; ti<1~·mu.½~i:~:1Wu H: 1~itt:i ,. 11 it:J~, Jl YT it Ff i% rn fti m. JmH 
±Wlinr)!Ly 1l!.iili8-¢J hTffJ :(}J*, j\j> r.ir;IJt:~L> 'AJ T jf ri::g,2: W:·%- ( itt:ful~Ieih/(!f ) [JJ,Q,;f,Q.JJJ.$Jt( 

+ffi~M~~~~~-~~~~~~½~~~~ffihffifflff*, M~~0hl-~0~rt~ 
,'/jr)i-iJ::;lf(ffiii!.fJf,\~Wdftf'i; 0(J l:tf5Jl, h½ ;lf(H·ii/: (:tJJ!tN, tJ,Zziilli1Hd.U: WH1.:itf~:f'i'?\ttJ;:t?/i.. f1JJ rYJI% 
fi~t i'.l{J JL 1;1Jt * " 
[0062] tjl, Hf.: Vi~ H~Ujt 4:; 'rt :Hf.lfl )\i[lj ii{ 
[0063] ;i~nA1Jj~fu1l:: 
[0064] HH1N·.ii:!h1 1ll rntii {tfiill:UYJX ff1 t,-;f;u 7, l J.2, 389 rp (tr HiL::r:i:J·JffLMt¥◊ fiL'th L.:1. % 

3J±fr·t~1 /J, JjjJJ,:;'kflV{ WwUf'-Vil ;i'tHtl ( Xi{r>hitl:,i:rn-J', hlf ~D rgif~l!!Il) Mtfd'fJf;Mgrn~:n::fH m1 
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[0065] fti;J:~itllj:1i1llntiifr;,iiJlt(nTAPPT ht/TiJT400iW1Jhl:;J-i}fU (Gurlt;y) "';':'(min~ 
i~)~1hV:1'.Jfi 81

~ {x.fu1 J& t&lLJlfl'\ l:'t~W~ 5E{x. (Gurky ncnsomctQr), iW I;J ,1110 ,, JJ T Jf rn1M 
t}~' f(- f+ rW1 ilB )\. ft lM TE {E Vi:~ "( ti£ iWIJ .IC.{:( !~J O tl rnr +t }:~_£ (Cy 1 i nck, r grad i (:Ht) jf 

100cc (100ml) f;{., 1tK1ft t'fHf?i;,Jt fJ1hr m: IL l25ti IOOcc ,":;,: 'tlilltt iM-¥:;ts<JR•J-i'1cfJ ( tUJ: 
d·) ,, tLtt1 ,.:1oocc tli ?1·r:0W, i~"Jlfre 100 ,1:lrNt*::~~LCtf'.i11iMllfJJ1r'r#H{JNft)]c, 
[0066] :ttHW ASTM E-1294 ltP "1tm !iP)Ji:tiHt-.-flllUt~ i:l ftJf\lMh:UltfriftHU1· k 1M~3,,]·H<Jfj; 
rfL\~j1:tt1Jfl~"iW~iA:~VJ)JI:f:tii:TLH~, Jtrt1 ~HJ Ht!t@ ASTM F'.1l f5 rn r'.:l #1$H{i:1JU~fl.,ftJll T:.:?ll1jHE~t~ 
{L[lyl{$ it-,, 1t~ tHt{JfH{f:r\l~ F(:Jtf Pr.irous Matrn·ia ls ff J5ft i~ i\J 'if;;/jfil i{J;JJ!tlht, 

~~] ~~~~~tt~~T~~~llihT~~-~~%rl~~®~mm~~~~*~ 
!iL {E ASTM D-72fH38 rj:i.j~j£Jik-i'·i:t:fiL 
[0068] :rl 3 

[0069] 1tfrJ1ttNi;fllT·BJiifil'&:1Lft:: 
[0070] 

94 {i,tl 

J7 tJJ;,l 

61 

51 

14 14 

65 

i8 

:!1 

:§.(I 

34 

16 
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[0011] ;:t:}t fJH *iffilf'.:{1}'~ tH-'1f:');1·,J, IYJ if .l::DfLH, «ijJ tti~t1~xt 1k ighl,,+l; {Jiff¥ ikf6 i2.A1 
.tt4 ,, lit '.i~. JL H: Ml #.: 1)½ )K H tit: h· rkt ~t &Hff H H tt fYL! 8\1 J~ it wff "~~ 1t, 13 :'& rJj f;,. *~ ft fr~ 8\1 ~t n ,, 
g ):~ fJ:fi])T,\l 1f H * r:t:1 Yi 1J tH }Al Fi1 *· iif t1t 1i1}, tA fih 1~ rn gt~ H *, !fl iit i)Jij jfu itH hf :r~ m~ ff )ftl ./fi 
F1 fl{J fi; At 3{b)~J ~-JL H': o [fl 1lt , ~~§ Jf!fhJ fl d· n; T l:i fr; rt!, Ti& rt at, 'f ;tin,~ Yi ii:!. * rt!Ht1i A :ff T~ F=/J 

lt/fr1'~J}J$TP-wU\!Fii\Ufi 0 

[0012] '.j;_u@{li~ fYrNt Hi t1~i'•L 1;j:l'ffU1fi )1: ?r ri'.iJ !BJ ttr:1{]. rip, Prr ff )J r~J-:H:l FlJ. tm Lfll M! wrH !2'J 7- 1WJ 

i§tfj' ;r-::[',:U ,, [tJQf>i1J.;f 1[j im L1J[bj (MD) ;fnt&Hff1JfbJ (CD) H(fitl '.lliU!t I& ~~:;r;; r;18~Jf}11jl,t'.+:Jw ,, - , 

mum H ' Jit ·J- ~½ }{( tf Mt O{J ifl ttE 1r1~ii l]t~ 1 I"- 'Ht ff0; !H~J ~ p~ Jt _, ·* _'.&_ l!/J [!'~ - t· f}t !h (:ET Jtfr!i 1lli [ff. ii ft 
i:f{Elllitl!.miJ:U!rrr if'tMmT' ttJ;fu'tE:':lr; l'fJi;i(tlf: ['.,lj}_{:[ ~g ;'.fu(if!Hj 91 f.1!)1nrnH:1,' k\1+l](J MD NfPiJ!J1 
/r£{1UllikT 25kg/cni2, ~J1.f:;lf.j1i;J.::-J· f:iOkg/cm", J?HH,i~)(T lOOkg/cm", x;J'T CD JO:r.1'11:J.ttUif~:HJS 
5K!etiff:, '(:,1t3l);;: T· lOkgicm\ 1££ i:iU~ k T· 25kg/ cm\ /Edit±&J..:: ·r 50kg/cm8 

., 

[ 00 7 3] Wl JJW it ' ffz g .;fl.i ~t~df i1t:{tJ;N T WUK tHW fYJ 11 ff\}~1 :Im ;J,}HJ;{e;J> .t1, i¥ :i1>: .t>ffL ff' MI 
£ill-W.~~*~~~U*~~~W~@~m~~-MaAffiffifilt~~W~~-~~ 
}~·/ti'°" ( :?{ f:n tiJ' FJgt+%T i)fl. [{~)tHffttU)ili ) , li1:it±trh1 twJE i[~1;Jf,W,t, 

[oo74J :it-w;tn,-1 t': 

[0075] 1:E:t\\~!il1i<i.Jt>fl~t1LJ:ilii.iftM-N1.:ftfL mt- -, xJT:);h1EW1J 52, A Fi% EFTec A-(HCHl 

it 259;; 0. 5 fl. _/ ?LJ'(l}Jf& Kif 6mm O{HfLH}Jt :q:i ~'t!Z., Jif~~ (PET) tHHJtil]li\L w; :, X}T 

-¾'.hili{f1j 5:3, fJ] TT. 5::>ii EFfoc A--010---,L::J.7. ::;·\:I EF1\ic L--0J0--4 t11VH&K/S£ timm (:j(J 25''l,, PET 

H #f: f/llJ .1&" :HJ H Mt :.f';J f 1- .It! Mi ,ig tJJ iii f;- :tf L -•n- fi'.r, H tJ, i®i it** !'.tr J:j 71<.. '?!t -f1, ~-~ fD fis }\ .. it \1. lffll M 
fYtHJLtliJf-ff, ;t:j r&i¥ ;~ J] 20 Ji /m78\J;W J¾' }t:{1JJ\~;'.':Lt:ftUrn 1:j:i T·J!~t, t!Jfifr:{¥!, frJ'rrtE 325 ~Fu, 
2 200 WJ / ti!. tt _i;t ,J i:tt {T fI lili , 1W· :ff1J Jlf: tft Y-;; • - 4 o i~:~ ::¥~ Fl~J A% • ¥tq. J\' lii 30 Wl :;f'.: ti<T$ : IW rt o :fE 

90 C, l:J0T>fn Hi(rt:,·r iITTUffll:tlxtW$ :7.H¾1rn1Ut.rm.r:f!J:11&11U7Yf/-iJ ff112" Krt, .J/l.B- ·TJ,Wrfi n-.:(:E 

;J/lj Ji: iliU:i T H~ll 1 -+flt, fl ¥f {;: ;c@) ii: l( 19:. ,, Wt %l ,~f,~ ~ ,!-'[i x,t-T rw Mt k.ll trJ Cl fi 5t It:& it fYJ l( 
tft l'.l{J ~ft ~Ir O IW J~- O¢J'!J:_ /ITT.;];; ·Ff i±:& ,L_ 

[0076] :f< l 
[ oo 77J iW fl~ tUill 
[0078] 
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I ff-,~ 
20 ! ~ti {JlS) $" 

1 iL~· <••·•--''<••···-·--··~, .. ,"_'·"-~""";:,«--~60----V-~ ------

! 
if-·~ ,;t ,f lLtl 

M:O ~~ * @ 1JO C/1 
iJx!Jt 

TO ilk.~$- @l!;t!Cfl 
,J~!M' 

.!\>ID ~l~* @ 16H.:✓l 
,J~!J1' 

to i!:t~-$---@!9(1Cfl. 
,J, 1M' 

I 
{ MD ~-~ 4't- @19'1! Ol 
I ,J~ 1M' 
! 
1mllJ1 

05 

2 

4 

5 

1 

0.5 

-0 

2 

2 

I Ml>!il( !<g'<m' 19() 170 ! 
1.___·--~_1f_*_*_, ________ % ____ 4~-:~ ____ :J 

[0079] "i:iT Li t'l· f1J, A if TJ'J :t~1 i~ fHfi; (EFTcc A··O J0···4) ;fir 1K ~ >j~ H· 0{i; 0 ynccl l) (EFlec 

L ··O 1 o ---U H fl- :iX ·1w 'Af· B½ :H ll /:E 1t% il1A T ~'iI 5j~- 11\ 01 ~' )J1; BL H tl0 tt fr.ft " fy1) :1-m, it- :t b Wfi fi(J ir41 }Vi nt:i 
t¥1JJ:4 tH I~ L'.i:i\ifMJIT, Jt tr 13s "C ·r :J:t1lLJl~1:rMV:t 11 o"c rH ,m;s~ tH itfJ Ht 1'rbtltt:ra ,LJx H:J tf~ r;J #t1+1Ll 
X&, Jt;{t 1 fJO"C "Fkrf.t:tf:-{Eitriti 1:w·c1H HR:*rH 1yJJi~ G9~khil" :fr_>!k 1:j:i Etnti(J-····t· fnJ_~l!lJit, )t 
J.t M nJ .m T IQ z;,j tr-: 1w; ti{1 f;; wi IQ rt!l, r:1:1 T ~ 2i T iw; iHA _r;; 0{1 firm, ,n .!iR. I~(* m~ f.c fitI mu of? -1:1'. IQ Hi /E 
;ta%H1kJJttifli!11, m li:X.-'.r,Jz Jrt Ji: H ·tiJ 1itm /Jx. ''.}{ AH'!: (fl :l'.H:lli :~ ., )tl: ifff tr li}!Ht" 44 ff ?}t i&1 H:. IE ft (:J<J 

~~rnjtf:r.lckg;~I-F±tt rti .1£ !Jr1?Y .. '.~, ft it~ k Fl<J tfiitk tU, lift rg}tl!a rE_ i%rYJ fn:2:~:J-'.:11~/lJ ., {ft:® tYJ r1% HR 
'rf"RE'. i'i]TJ-{E l3tl"C ·, 160'CYX: l90''C1'Eimi"·1JrbJ J· .. JlHf,T I 0% 8)(1.%\~i{. tltiit;;J,T· 6 g;; ITJlf:z 
#il$Hlt1'&iitii\11J' T 3 (> 0 ti<J !l'zfiil*" Jlt 11,' f1T L) HJ A YT r#i-&if.d :iE't'lB(J r& :&i:X·fui * t¥:c)f H#t' )1.. 

.irrf'Hfi, Xf7} rIHt!, iWJ YH~tf}h:IDUl;ft[1SH{UtUlili:fWi½rt~, }Alrff :'1'i }j Ji; ftl1AJtlJ[';J~t ilH\·fHITT1( f,1[:-(4},( 
18 
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t1~2P11tt/1 *. ~n~fjfil!f1J .s::i rr nr·::f:" 
[0080 J !M ft -l~ fwJ RfJ JI Pi 'ffz fl F tJ{J 1;H tin ?t »ill Wu Jl ~Y!U i:r\'. ., -!:E ~i~; :Rt~ Ji% vill tst ti (Hert y 

Foundatic,n faciJ i ty) t'l·1J:~/•:;!Wlll~xJ1>t[£tJLJ>!~JJ:iliHL J~@}1 27'!-<~ EFTcc A-010-011t1#b\~32 

fl-~:iZHN~, G:3 % EFTec L--010--04 *'# ;Ff~il:WfFtitfn 20?,,:; o. 5 JJ / Ji'.kti(JtJ.JJilt ::imm K/!.f WJ JRtm 
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Microporous laminated membrane and method for producing the same 

Abstract 

The invention discloses a microporous laminated membrane and method for producing the same. The microporous membrane 
exhibits excellent air permeability with no generation of needle holes and has a high smoothness on the surface thereof, and is 
disposed on at least one side of the nonwoven-fabric substrate. The microporous membrane includes a multiplicity of 

interconnecting micropores. The micropores have an average pore diameter of from 0.01 to 10 [mu]m. The microporous 
membrane has an arithmetic mean surface roughness Sa of 0.5 [mu]m or less. The microporous laminated membrane has an air 

permeability of from Oe5 to 30 seconds. The microporous laminated membrane has a tensile strength of 4.0 N/15 mm or more" 
The microporous laminated membrane does not undergo interfacial peeling between the substrate and the microporous 
membrane as a result of a tape peel test 
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Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

Technical field 

The present invention relates to a porous film laminate having micropores and handling strength and a method 
of producing the same. More specifically, the present invention relates to a porous film laminate in which a 
porous film having a plurality of micropores having connectivity is laminated on at least one surface of a 
nonwoven fabric substrate, and a method for producing the same. 

Background technique 

As a porous film having fine pores, for example, Patent Document 1 discloses a porous film composed of an 
amide imide-based polymer or an imide-based polymer. There is disclosed a porous film characterized in that 
the film has a thickness of5 to 200 µm, an average pore diameter of the micropores of0.01 to 10 µm, and a 
porosity of 30 to 80%, and the gas permeability indicating the connectivity of the micropores is The Gurley 
value is 0.2 to 29 seconds/100 cc. 

Further, Patent Document 2 discloses a laminate in which a porous film is laminated on a nonwoven fabric. A 
porous film laminate in which a plurality of micropores having connectivity and a porous film having an 
average pore diameter of0.01 to 10 µmare laminated on at least one surface ofa nonwoven fabric substrate, and 
The base material and the porous film did not have a porous film laminate in which interfacial peeling occurred 
due to a tape peeling test. 

Further, in Patent Document 3, a separator for drainage is disclosed as a laminate in which a nonwoven fabric is 
used as a base material and a porous film is formed on the surface of the nonwoven fabric. Examples of the 
nonwoven fabric include cellulose fibers, cellulose acetate fibers, polyester fibers, polypropylene fibers, and 
polyethylene fibers. As a most preferable combination, polyvinylidene fluoride is disclosed on a polyester fiber 
nonwoven fabric. A laminate of a porous film of ethylene (PVDF). 

Further, Patent Document 4 discloses a filter for an air cleaner in which a sintered porous sheet of ultrahigh 
molecular weight polyethylene and a polyester nonwoven fabric are laminated. The method of manufacturing 
the filter includes the following stages. 

1. The ultrahigh molecular weight polyethylene powder was filled in a metal mold, placed in a container, and the 
inside of the container was decompressed. 

2.The heated steam was introduced into the vessel, and heated at 160 ° C x 6 atmosphere for 5 hours, and then 
slowly cooled. 

3.The obtained cylindrical sintered porous body was cut into a sheet shape and then stretched to obtain a porous 
sheet. 

4.A hot melt adhesive is applied to the porous sheet, and the polyester nonwoven fabric is bonded to the 
laminate. 

Prior art literature 

Patent literature 

Patent Document 1: Japanese Patent No. 3963765 

Patent Document 2: International Publication No. 2007/097249 
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Patent Document 3: Japanese Laid-Open Patent Publication No. 2010-221218 

Patent Document 4: Japanese Laid-Open Patent Publication No. 2006-257888 

Summary of the invention 

Problems to be solved by the invention 

However, in the case of the porous film described in Patent Document 1, since the fine pores having good 
connectivity are provided, the strength is extremely weak, and care must be taken in handling. Therefore, there 
is a problem that the use is limited. When the film is processed, a roll-to-roll operation is often used, and there is 
a problem that the strength of the operation cannot be ensured. 

Further, in the case of the laminate described in Patent Document 2, since a porous film is formed thereon by 
using a nonwoven fabric as a base material, sufficient strength can be secured by the nonwoven fabric. 
However, since the nonwoven fabric has pores in the structure, the method of forming the porous film by 
casting the polymer solution into a film on the nonwoven fabric has the following problem: the polymer solution 
is impregnated into the pores of the nonwoven fabric, and is porous. The surface of the film becomes convex or 
concave, or the nonwoven fabric portion is exposed, or pinholes are generated, or the gas permeability is 
deteriorated. Further, there is a problem that, in general, the pores of the nonwoven fabric are significantly larger 
than those of the porous membrane, and are extremely uneven when viewed microscopically, and therefore, the 
amount of penetration of the polymer solution varies depending on the position. As a result, the thickness of the 
porous film also varies, and the air permeability as a characteristic thereof also varies. 

In the case of the laminate described in Patent Document 3, the porous film resin layer is provided on the 
surface of the nonwoven fabric substrate, and a part of the porous film resin layer is embedded in the inside of 
the nonwoven fabric substrate. Therefore, the same problem as described above is caused .. Further, there is a 
problem that the degree of opening of the surface of the porous film is extremely low, or there is an uneven pore 
structure having a large void inside the porous film resin layer, and therefore, the gas permeability is still 
deviated depending on the position. 

Further, in the case of the laminate described in Patent Document 4, there is a problem in that it is difficult to 
reduce the pore diameter and reduce the surface opening ratio by the production method. Further, the 
manufacturing method of the present filter has a problem that it takes a lot of work as described above. Further, 
there is also a problem that the porous sheet and the polyester nonwoven fabric are bonded by a hot melt 
adhesive, thereby impeding the gas permeability. 

For this reason, a porous film laminate which is excellent in gas permeability, does not cause pinholes, has high 
surface smoothness, is flexible, and is excellent in workability and moldability, and a method for producing the 
same are required. 

Accordingly, an object of the present invention is to provide a porous film laminate which is excellent in gas 
permeability, does not cause pinholes, has high surface smoothness, is flexible, and is operative, and a method 
for producing the same. And excellent in formability. 

Technical solution for solving the problem 

Therefore, the inventors of the present invention have conducted intensive studies in order to achieve the above 
object, and as a result, have found that the surface of the porous film is convex and concave, and the nonwoven 
fabric is partially exposed by using a general nonwoven fabric substrate. , pinholes are produced, the gas 
permeability is deteriorated, and it cannot withstand use. In addition, it has been found that by laminating a 
porous film on the surface of a nonwoven fabric base material by hot melt adhesion, it is excellent in gas 
permeability, does not cause pinholes, has high surface smoothness, is flexible, and is excellent in workability 
and moldability. The porous film laminate has completed the present invention. 

That is, the present invention provides a porous film laminate in which a porous film is laminated on at least one 
surface of a nonwoven fabric base material, wherein 

The porous membrane is provided with a plurality of micropores having connectivity, and the micropores have 
an average pore diameter of0.01 to 10 µm. 
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The arithmetic mean surface roughness Sa of the surface of the porous film obtained by the following 
measurement method is 0.5 µm or less. 

The value of the air permeability of the porous film laminate is 0.5 to 30 seconds. 

The tensile strength of the porous film laminate is 4.0 N/15 mm or more. 

The base material and the porous film did not undergo interface peeling due to the tape peeling test described 
below. 

(tape stripping test) 

A masking tape (manufactured by Teraoka Seisakusho Co., Ltd., trade name "film masking tape No. 603 (#25)", 
width 24 mm] was attached to the surface of the porous film of the porous film laminate, and a roller having a 
diameter of 30 mm and a load of 200 gf was used. After pressure bonding, T-type peeling was performed using 
a tensile tester at a peeling speed of 50 mm/min; 

(Measurement of arithmetic mean surface roughness Sa) 

The surface roughness was measured by measuring the surface shape using a non-contact surface measuring 
system VertScan 2.0 (manufactured by Nippon Seisakusho Co., Ltd.) using an optical interference method, and 
the measurement region was set to a range of 250 µm x 188 µm, and the measurement conditions were set to 
Objective lens= 50 times, lens barrel= 0.5 x Body, continuous zoom lens= NoRelay, filter (wave length filter) 
= 530white, measurement mode= Wave, field of view size= 640 x 480. 

The arithmetic mean surface roughness Sa is preferably 0.4 µm or less. 

The arithmetic mean surface roughness Sa is preferably 0.3 µm or less. 

The arithmetic mean surface roughness Sa is preferably 0.2 µm or less. 

The value of the gas permeability is preferably from 0.5 to 20 seconds. 

The value of the gas permeability is preferably from 0.5 to 10 seconds. 

The value of the air permeability is preferably 0. 5 to 5 seconds. 

The polymer solution is a mixed solution containing 8 to 25% by weight of a polymer component, 5 to 50% by 
weight ofa water-soluble polymer, 0 to 10% by weight of water, and 30 to 82% by weight of a water-soluble 
polar solvent. 

The porous film contains at least one selected from the group consisting of a polyimide resin, a polyamideimide 
resin, a polyetherimide resin, and a polyethersulfone resin. 

The nonwoven fabric base material is a polyolefin-based nonwoven fabric, a polyamide-based nonwoven fabric, 
or a multilayer nonwoven fabric in which a part of the nonwoven fabric is a polyolefin-based nonwoven fabric 
or a polyamide-based nonwoven fabric. 

The average open porosity (porosity) of the inside of the porous film is preferably from 30 to 80%. 

The thickness of the base material is preferably from 10 to 500 µm. 

The shape change rate of the porous film laminate in the high-temperature placement test described below was 
5% or less: 

(high temperature placement experiment) 

The shape of the laminate integrated with the porous film was adjusted to a substantially rectangular shape of 
about 5 cm x 10 cm, and the lengths al and bl of the substantially rectangular vertical sides were measured, and 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 142 of 297

the temperature was adjusted to 140 ° C in a thermostatic chamber. After the laminate was placed for 30 
minutes, the laminate was taken out, and after cooling to room temperature, the lengths a2 and b2 of the 
substantially rectangular vertical sides were measured, and the shape change ratio was calculated using the 
following formula. 

The shape change rate(%) is determined from al and a2 = {la2-allfal} x 100 

Similarly, the shape change rate(%) obtained from bl and b2 is the average value of these values as the shape 
change rate in the high-temperature placement experiment. 

The porous film laminate is preferably used as a gas, liquid, solid filter; a separation membrane; a separator of a 
battery or a capacitor; or a part thereof. 

The method of laminating the nonwoven fabric base material and the porous film is carried out by hot melt 
bonding, and the glass transition temperature of the resin constituting the porous film is determined by the 
melting point of the resin constituting the nonwoven fabric. 

The porous film was obtained by casting a polymer solution onto a substrate and forming a film, and then 
introducing it into a coagulating liquid, and then drying the individual film peeled off from the substrate. 

Effect of the invention 

Since the porous film laminate of the present invention has a porous film having a plurality of micropores, it is 
excellent in flexibility and excellent in gas permeability, does not cause pinholes, has high surface smoothness, 
and the porous film is lining the base material. Therefore, even when it has a porosity, sufficient strength can be 
exhibited, and it is excellent in folding endurance and workability. According to the present invention, a porous 
film laminate having the above properties and a uniform film quality can be stably produced by a simple 
method. Since the porous film laminate obtained as described above has the above characteristics, it can be used 
as a gas or liquid or solid filter and separation membrane, a separator for a battery and a capacitor, or a part 
thereof. For example, it can be used as a liquid separation membrane, a solid separation membrane, a gas 
separation membrane, or a part thereof. 

Specifically, a bag filter, a dust filter, an air conditioner filter, an automobile filter (air purifier, oil purifier, 
indoor purifying filter, external air suction filter, etc.) may be mentioned. In addition, it can be used as an 
electromagnetic wave control material such as a circuit board, a battery separator, an electromaguetic wave 
shield, or an electromagnetic wave absorber, an electrolytic capacitor, a low dielectric constant material, a 
cushioning material, an ink developing sheet, a test paper, an insulating material, a heat insulating material, A 
wide range of substrate materials such as a cell culture medium material, a radiation masking material, and an 
oil absorbing material are used. 

DRAWINGS 

Fig. 1 is an electron micrograph (SEM photograph) of the surface of a porous film produced in Production 
Example 1. 

2 is an electron micrograph (SEM photograph) of the surface of the porous film produced in Production 
Example 2. 

Detailed ways 

The porous film laminate of the present invention will be described in detail. 

[Tape peeling test] 

In the porous film laminate of the present invention, the base material and the porous film are not peeled off by 
the tape peeling test. 

The tape peeling test was carried out by attaching a masking tape [film masking tape No. 603 (#25)] 
manufactured by Teraoka Manufacturing Co., Ltd. having a width of 24 mm to the surface of the porous film of 
the porous film laminate, and using a diameter of 30 mm and 200 gf. After the load roller was pressure-bonded, 
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T-type peeling was performed at a peeling speed of 50 nnn/min using a tensile tester. That is, the base material 
and the porous film were laminated with an interlaminar adhesion strength which does not cause interfacial 
peeling in the tape peeling test. 

As described above, the porous film laminate of the present invention has a structure in which the base material 
and the porous film are directly laminated with a specific interlayer adhesion strength, and therefore has 
flexibility and excellent pore characteristics. On the other hand, it has an appropriate rigidity, so that operability 
is improved. Further, since the polymer component constituting the porous film can be widely selected, it has an 
advantage that it can be used as a material in various fields. The interlayer adhesion strength between the base 
material and the porous film can be adjusted by appropriately setting the physical properties of the types or 
interfaces constituting the raw materials of the respective layers. 

[Nonwoven fabric base material] 

The porous film laminate of the present invention has a structure in which a porous film is laminated on at least 
one surface of a nonwoven fabric substrate. 

The nonwoven fabric base material may be a single layer or a multilayer composed of the same or different raw 
materials. The multilayer may be a laminated multilayer nonwoven fabric or a laminated film laminated at the 
production stage using an adhesive or the like as needed, or may be subjected to a treatment such as coating, 
vapor deposition or sputtering. 

The nonwoven fabric base material may be subjected to roughening treatment, easy adhesion treatment, 
antistatic treatment, sandblasting treatment (sand layer treatment), corona discharge treatment, plasma treatment, 
chemical etching treatment, water cushion treatment Surface treatment such as flame treatment, acid treatment, 
alkali treatment, oxidation treatment, ultraviolet irradiation treatment, and silane coupling agent treatment. 

Alternatively, a plurality of the above surface treatments may be combined. For example, the substrate may be 
first subjected to a corona discharge treatment, a plasma treatment, a flame treatment, an acid treatment, an 
alkali treatment, an oxidation treatment, an ultraviolet irradiation treatment, or the like, and then subjected to a 
silane coupling agent treatment. Method, etc. Depending on the type of the base material, the above treatment 
may be intensified as compared with the separate treatment of the silane coupling agent. The silane coupling 
agent may be a product manufactured by Shin-Etsu Chemical Co., Ltd. or a product manufactured by Japan 
Energy Co., Ltd. 

The thickness of the nonwoven fabric base material is, for example, 10 to 500 µm, more preferably 10 to 300 
µm, still more preferably 10 to 200 µm, still more preferably 10 to 100 µm. When the thickness is too small, it is 
difficult to handle, and on the other hand, when the thickness is too thick, the flexibility may be lowered. 

The basis weight of the nonwoven fabric base material is, for example, 2 to 250 g/m 2 , more preferably 2 to 150 
g/m 2 , and still more preferably 2 to 100 g/m 2 , from the viewpoint of strength retention and flexibility. More 
preferably, it is 2-50 g/m□ 2 □. 

The density of the nonwoven fabric base material is, for example, 0. 05 to O. 90 g/cm 3 , more preferably O .10 to 
0.80 g/cm 3, still more preferably 0.15 to 0.70 g/cm, from the viewpoint of ensuring appropriate gas 
permeability. 3 . 

The air permeability of the nonwoven fabric base material is preferably 30 seconds or shorter, more preferably 
20 seconds or shorter, and still more preferably 10 seconds or shorter. It is to be noted that the measurement 
limit of the gas permeability is about 0.1 second, but the base material also includes a base material having a gas 
permeability ofless than 0.1 second. 

From the viewpoint of improving the adhesion between the nonwoven fabric base material and the porous film, 
it is preferable to subject the surface of the porous film substrate to the surface of the porous film side by, for 
example, sandblasting ( Appropriate surface treatment such as sand cushion treatment, corona discharge 
treatment, acid treatment, alkali treatment, oxidation treatment, ultraviolet irradiation treatment, plasma 
treatment, chemical etching treatment, water cushion treatment, flame treatment, silane coupling agent 
treatment, etc .. As the silane coupling agent, the silane coupling agent exemplified above can be used. The 
surface treatment may be carried out in combination, and the silane coupling agent treatment and other 
treatments are preferably carried out in combination depending on the nonwoven fabric base material. 
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(nonwoven) 

The nonwoven fabric refers to a concept of a sheet-like substance obtained by arranging fibers, bonding the 
fibers to each other by a bonding force of the adhesive or the fibers themselves, or a force of intertwining with 
each other, and also includes so-called paper. The nonwoven fabric can be produced by a generally known 
method such as a papermaking method, a meltblowing method, a spunbonding method, a needle punching 
method, or an electrospinning method. 

The type of the resin constituting the base material of the nonwoven fabric can be selected in accordance with 
the melting point, chemical resistance, and the like. As the nonwoven fabric, a commercially available product 
can be used. For example, a polyolefin nonwoven fabric ( trade name "FT-3 30N") manufactured by VILENE, 
Japan, and a polyolefin nonwoven fabric (trade name "06HOP-2" and "06HOP-4" manufactured by Hirose 
Paper Co., Ltd. can be obtained. "HOP-lOH", "HOP-30H", "HOP-60HCF", "HOP-80H", etc. In addition, two 
layers of non-woven fabrics (trade name "0SEP-50", "15EP-50") manufactured by Hirose Paper Co., Ltd., etc., 
can be obtained. 

The nonwoven fabric is preferably (the glass transition temperature of the resin constituting the porous film) □ 
(the melting point of the resin constituting the nonwoven fabric), and is not particularly limited as long as it is 
the nonwoven fabric as described above. A polyolefin nonwoven fabric, a polyester nonwoven fabric, a 
polyamide nonwoven fabric or the like is preferably used, but two or more nonwoven fabrics and multilayer 
nonwoven fabrics thereof may be used. More preferably, at least one selected from the group consisting of a 
polyolefin nonwoven fabric and a two-layer nonwoven fabric can be used. 

At present, as a generally available nonwoven fabric, a nonwoven fabric composed of a polyolefin resin 
(polyethylene, polypropylene) is often used, and a two-layer nonwoven fabric (for example, a 
polypropylene/polyester resin) is also included. Laminated product). These nonwoven fabrics are various and 
are inexpensive, and therefore are preferable. 

Since the nonwoven fabric is used as the base material of the nonwoven fabric, there is an advantage that the 
porous film is laminated on the surface of the base material by a method such as thermal fusion bonding, 
whereby an excellent interlayer density can be obtained. The strength is laminated. Further, it has flexibility and 
excellent pore properties, and on the other hand, it has appropriate rigidity, so that the effect of improving 
workability can be obtained. 

[porous membrane] 

The main component of the porous film is composed of, for example, a polymer component. The polymer 
component is not particularly limited as long as it can form the porous film, and can be appropriately selected 
depending on the material constituting the porous film. Examples of the polymer component include a 
polyimide resin, a polyamideimide resin, a polyether sulfone resin, a polyetherimide resin, a polycarbonate 
resin, and a polyphenylene sulfide. Resin, liquid crystalline polyester resin, aromatic polyarnide resin, 
polyamide resin, polybenzoxazole resin, polybenzimidazole resin, polybenzothiazole resin, polysulfone resin, 
fiber Plastics such as a resin or an acrylic resin. These polymer components may be used singly or in 
combination of two or more. Further, the copolymer of the above resin (graft polymer, block copolymer, 
random copolymer, etc.) may be used singly or in combination. Further, a polymer having a skeleton (polymer 
chain) of the above resin in the main chain or the side chain may also be used. Specific examples of such a 
polymer include a polysiloxane and a polyimide containing a polyimide skeleton in the main chain and 
containing a polysiloxane. 

In addition, as a preferable example of the polymer component, those having a heat resistance, chemical 
resistance, and electrical properties and having a polyamideimide resin or a polyimide resin as a main 
component are exemplified. The polyamideimide-based resin can be usually produced by a reaction of 
trimellitic anhydride with a diisocyanate or a reaction of trimellitic anhydride chloride with a diamine, followed 
by imidization. The polyimide-based resin can be produced, for example, by obtaining a polyamic acid by a 
reaction of a tetracarboxylic acid component and a diamine component, and further imidating it. When the 
porous film is made of a polyimide-based resin, the solubility is deteriorated when the imidization is performed. 
Therefore, the porous film is first formed in the stage of the polyamic acid, and then imidization is carried out. 
Amination, chemical imidation, etc.). Other preferable examples of the polymer component include a 
polyetherimide resin and a polyether sulfone resin as main components. 
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A polytetrafluoroethylene (PTFE)-based porous film is also known as a material which is made of a resin and 
has heat resistance, and it can also be used in the same manner. 

The thickness of the porous film is, for example, 1 to 100 µm, more preferably 1 to 50 µm, still more preferably 
1 to 20 µm, still more preferably 1 to 10 µm. When the thickness is too small, it is difficult to manufacture 
stably, and on the other hand, when the thickness is too thick, there is a problem that gas permeability is 
deteriorated. 

The porous membrane is provided with a plurality of micropores having connectivity, and the average pore 
diameter(= average pore diameter inside the membrane) of the micropores is 0.01 to 10 µm, more preferably 
0.05 to 5 µm, still more preferably 0.1 to 2 µm. When the average pore diameter is outside the above range, the 
pore characteristics are inferior in that it is difficult to obtain a desired effect for satisfactory use. For example, 
when the size is too small, the gas permeability may be lowered, the cushioning performance may be lowered, 
the ink permeability may be lowered, and the insulation or heat insulation may be caused. When the size is too 
large, the filtration performance is lowered or the ink is diffused, and it is difficult to form fine wiring. 

The average open porosity (porosity) inside the porous film is, for example, 30 to 80%, preferably 40 to 80% 
and more preferably 45 to 80%. When the porosity is outside the above range, it is difficult to obtain desired 
pore characteristics satisfying the use. When the porosity is too low, the gas permeability is lowered, or the 
dielectric constant is increased, or the cushioning property is lowered, or the ink is not impregnated, or The heat 
insulating property is lowered, and even if the functional material is filled, the desired effect cannot be obtained. 
When the porosity is too high, there is a possibility that the strength or the folding endurance is poor. 

The opening ratio (surface opening ratio) of the surface of the porous film is, for example, 48% or more (e.g., 48 
to 80%), and more preferably about 60 to 80%. When the surface opening ratio is too low, the permeation 
performance may be insufficient. Further, even if the functional material is filled in the pores, the function may 
not be sufficiently exhibited. When the surface opening ratio is too high, the strength and the resistance are high. 
The folding property is easy to reduce. 

The surface roughness (arithmetic mean surface roughness Sa) of the surface of the porous film is 0.5 µm or 
less, preferably 0.4 µm or less, more preferably 0.3 µm or less, and still more preferably 0.2 µm or less. When 
the surface roughness is too large, the smoothness may be lost. When filtering, for example, a liquid, the bubbles 
are easily adhered, and the portion loses the function as a filter. Further, the fine particles which are caught ( or 
trapped) during the filtration are unevenly stuck, and the efficiency of filtration may be lowered or the filtration 
speed may become unstable. In addition, the surface roughness (arithmetic average surface roughness Sa) can be 
obtained by measuring the surface shape by a non-contact surface measuring system using an optical 
interference method, and based on the method described in the examples. 

The porous film may be formed on at least one surface of the nonwoven fabric base material, or may be formed 
on both surfaces. 

The porous film may be subjected to a treatment for imparting chemical resistance. As a result, chemical 
resistance is imparted to the porous film laminate, and in various ways of using the porous film laminate, when 
it comes into contact with a solvent, an acid, an alkali or the like, delamination and swelling can be avoided. It is 
advantageous in terms of dissolution, deterioration, and the like. The treatment for imparting chemical resistance 
includes physical treatment such as heat, ultraviolet rays, visible light rays, electron beams, and radiation, and 
chemical treatment such as coating a porous film with a chemical resistant polymer. 

The porous film may be coated with a chemical resistant polymer. In such a porous film laminate, for example, 
a chemical-resistant film is formed on the surface of the porous film or on the surface of the micropores, and a 
laminate having chemical resistance can be formed. Here, the pharmaceutical product is known as a drug which 
dissolves, swells, shrinks, and decomposes the resin constituting the conventional porous film, and lowers the 
function as a porous film, and is based on the porous film and the matrix material. The type of the constituent 
resin is different and cannot be generalized. However, specific examples of such a drug include dimethyl 
sulfoxide (DMSO), N,N-dimethylformamide (DMF), and N,N-dimethyl Acetamide (DMAc), N-methyl-2-
pyrrolidone (NMP), 2-pyrrolidone, cyclohexanone, acetone, methyl acetate, ethyl acetate, ethyl lactate, 
acetonitrile, dichloromethane, chloroform, tetra a strong polar solvent such as ethyl chloride or tetrahydrofuran 
(THF); an inorganic salt such as sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium carbonate 
or potassium carbonate; an amine such as triethylamine; and an aqueous solution in which an alkali such as 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 146 of 297

ammonium is dissolved. Or an alkali solution such as an organic solvent; an inorganic acid such as hydrogen 
chloride, sulfuric acid or nitric acid; an acidic solution such as an acid aqueous solution such as an organic acid 
having a carboxylic acid such as acetic acid or phthalic acid; or an organic solvent; and a mixture thereof. 

The chemical-resistant polymer compound may have excellent resistance to a strong polar solvent, a base, an 
acid, or the like, and examples thereof include a phenol resin, a xylene resin, a urea resin, a melamine resin, and 
a benzopyrene. Heats such as amine resins, benzoxazine resins, alkyd resins, triazine resins, furan resins, 
unsaturated polyesters, epoxy resins, silicone resins, polyurethane resins, and polyimide resins Curable resin or 
photocurable resin; polyvinyl alcohol, cellulose acetate resin, polypropylene resin, fluororesin, phthalic acid 
resin, maleic acid resin, saturated polyester, ethylene-vinyl alcohol copolymer, A thermoplasticized resin such 
as chitin or chitosan. These polymer compounds may be used alone or in combination of two or more. Further, 
the polymer compound may be a copolymer or a graft polymer. 

The porous film laminate comprising the porous film coated with the chemical-resistant polymer as described 
above does not completely dissolve the porous film even when it is in contact with the above-mentioned strong 
polar solvent, alkali, acid or the like. , or swelling, deformation, etc., or the deterioration can be controlled to the 
extent that it has no effect on the purpose or use. For example, in the case where the contact time between the 
porous film and the drug is short, it is only required to impart chemical resistance to such an extent that it does 
not deteriorate during the time. 

In addition, since the chemical-resistant polymer compound has heat resistance at the same time, the porous film 
has heat resistance as compared with that before the coating with the chemical-resistant polymer compound. The 
possibility of reduction is small. 

The functional material may be filled in the micropores constituting the porous film. Examples of the functional 
material include ferrite fine particles, metal fine particles (including metal-containing fine particles such as 
metal oxide fine particles), carbon black, carbon nanotubes, fullerenes, titanium oxide, barium titanate, and the 
like. 

The filling condition of the functional material is not particularly limited, and it is preferable to perform the 
filling by the decomposition energy of submicron particles to micrometers, thereby suppressing the loss of the 
pore characteristics originally possessed by the porous film, and improving the ease of adjusting the functional 
material. Processing and handling properties such as filling amount. When the functional material is filled, when 
the micropores of the porous membrane are too small, it is difficult to fill the functional material, and when the 
micropores of the porous membrane are too large, it is difficult to control the filling of the functional material to 
the sub micron particles to the micron unit. The average pore diameter of the micropores is preferably within the 
above numerical range, and the maximum pore diameter of the membrane surface is preferably 15 µm or less. 

[Combination of nonwoven fabric base material and porous film] 

From the viewpoint of the adhesion between the nonwoven fabric base material and the porous film, it is 
preferable to use a combination of the nonwoven fabric base material and the porous film to exhibit good 
adhesion. (Affinity) material. Specifically, the porous film contains a polyimide resin, a polyamideimide resin, a 
polyetherimide resin, a polytetrafluoroethylene (PTFE)-based porous film, and a polyethersulfone resin. In at 
least one of the nonwoven fabric base materials, a polyolefin nonwoven fabric, a polyester nonwoven fabric, a 
polyamide nonwoven fabric or the like is preferably used, and it is preferable to contain a two-layer nonwoven 
fabric selected from them, and a multilayer nonwoven fabric. At least one of the cloths. 

Further, the porous film contains at least one selected from the group consisting of a polyimide resin, a 
polyamideimide resin, a polyetherimide resin, and a polyethersulfone resin, and the nonwoven fabric base 
material It is preferable to use a polyolefin nonwoven fabric, a polyester nonwoven fabric or the like, and it is 
more preferable to contain at least one selected from the two-layer nonwoven fabric and the multilayer 
nonwoven fabric. 

Further, the porous film contains at least one selected from the group consisting of a polyimide resin, a 
polyamideimide resin, a polyetherimide resin, and a polyethersulfone resin, and the nonwoven fabric base 
material It is preferable to use a polyolefin nonwoven fabric, a polyester nonwoven fabric or the like, and it is 
more preferable to contain at least one selected from the two nonwoven fabrics. 
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When the porous film contains the above resin, the content thereof is, for example, 80 to 100% by weight, 
preferably 90 to 100% by weight, and more preferably 95 to 100% by weight based on the entire porous film. 

When the nonwoven fabric base material contains the above resin or fiber, the content thereof is, for example, 
60 to 100% by weight, preferably 80 to 100% by weight, and more preferably 90 to 100%, based on the entire 
nonwoven fabric base material. weight%. 

[Porous film laminate] 

The porous film laminate of the present invention has a structure in which the nonwoven fabric substrate and the 
porous film are integrated with excellent adhesion, and therefore has high mechanical strength. Therefore, in the 
case where the total thickness of the porous film laminate is, for example, less than about 100 µm, it is 
advantageous in that sufficient strength can be exhibited. 

In a preferred embodiment of the porous film laminate of the present invention, one or both surfaces of the 
nonwoven fabric substrate are coated with a porous film, and a plurality of micropores having connectivity are 
provided, and the average pore diameter of the micropores is 0.01. A porous film laminate having a porous film 
of ~10 µm, the porous film having a thickness of 1 to 100 µm, a porosity of30 to 80%, and a nonwoven fabric 
base material having a thickness of 10 to 500 µm. The porous film laminate as described above can be produced 
by appropriately setting the material, the thickness, the production conditions, and the like constituting the 
porous film and the substrate. 

The value of the gas permeability of the porous film laminate is from 0.5 to 30 seconds, preferably from 0.5 to 
20 seconds, more preferably from 0.5 to 10 seconds, still more preferably from 0.5 to 5 seconds. Since the gas 
permeability is in the above range, high gas permeability can be maintained, and the porous film laminate can be 
used for a gas or liquid filter, a battery or a separator for a battery, and the like. In addition, the value of the gas 
permeability of the porous film laminate can be measured by the method described in the examples using a 
Gurley gas permeability meter type B and JIS P8 l l 7 as a reference. 

The tensile strength of the porous film laminate is 4.0 N / 15 mm or more, preferably 5.0 N / 15 mm or more, 
more preferably 6.0 N / 15 mm or more, and still more preferably 8.0 N / 15 mm or more. Since the tensile 
strength is a certain value or more, the strength and flexibility of the porous film laminate can be maintained, 
and the workability is good. In addition, the tensile strength of the porous film laminate can be measured by the 
method described in the examples using a universal tensile tester. 

The shape change rate of the porous film laminate in the high-temperature placement test described below is, for 
example, 5% or less, preferably 4% or less, more preferably 3% or less. When the shape change rate is within 
the above range, the shape is maintained even at a high temperature, and the short circuit of the electrode is less 
likely to occur. As a result, the safety is improved, and the porous film laminate can be used for a separator for a 
battery or a capacitor. 

(high temperature placement experiment) 

The shape of the laminate integrated with the porous film was adjusted to a substantially rectangular shape of 
about 5 cm x 10 cm, and the lengths al and bl of the substantially rectangular vertical sides were measured, and 
the temperature was adjusted to a temperature of 140 ° C. After the laminate was placed in the laminate for 30 
minutes, the laminate was taken out, and after cooling to room temperature, the lengths a2 and b2 of the 
substantially rectangular vertical sides were measured, and the shape change rate was calculated using the 
following formula. 

The shape change rate(%) is determined from al and a2 = {la2-allfal} x 100 

Similarly, the shape change ratio(%) was obtained from bl and b2, and the average value of these values was 
taken as the shape change rate in the high-temperature placement experiment. 

The porous film laminate of the present invention may have a porous film laminated on at least one surface of 
the base material, or may have a porous film on both surfaces of the base material. Further, the porous film may 
be filled with a functional material, and in the case of having a multilayer porous film, the same or different 
kinds of functional materials may be filled. 
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The porous film laminate of the present invention can be used as a filter, a separation membrane, a separator, or 
by directly utilizing pores of the porous membrane or functionalizing the pores of the porous membrane with a 
functional material. Used as part of them. 

Further, in order to impart desired characteristics to the porous film laminate of the present invention, heat 
treatment or film formation treatment may be carried out as needed. 

The porous film laminate of the present invention has the above structure, and therefore can be applied to 
various uses in a wide range of fields. It is particularly suitably used as a filter, a separation membrane, a 
separator, or as a part thereof, and can be used, for example, as a liquid separation membrane, a solid separation 
membrane, a gas separation membrane, or a part thereof. In addition, it can be used as a circuit board, a heat 
releasing material (heat sink, heat radiating plate, etc.), a battery separator, an electromagnetic wave shielding or 
an electromagnetic wave absorber, an electromagnetic wave control material, an electrolytic capacitor, a low 
dielectric constant material, a buffer material, and an ink. A wide range of substrate materials such as a 
developing sheet, a test paper, an insulating material, a heat insulating material, a cell culture medium material, 
a material for a radiation shielding layer, and an oil absorbing material are used. 

Specifically, it is suitable for a bag filter, a dust collecting filter, an air conditioning filter, a filter for an 
automobile (air cleaner, oil cleaner, indoor clean filter, external air suction filter, etc.). 

In addition, it can be used as a circuit board, a heat releasing material (heat sink, heat radiating plate, etc.), a 
battery separator, an electromagnetic wave shielding or an electromagnetic wave absorber, an electromagnetic 
wave control material, an electrolytic capacitor, a low dielectric constant material, a buffer material, and an ink. 
A wide range of substrate materials such as a developing sheet, a test paper, an insulating material, a heat 
insulating material, a cell culture medium material, a material for a radiation shielding layer, and an oil 
absorbing material are used. 

The nonwoven fabric itself can be used in a filter, a separation membrane, and a separator. However, even if the 
pore diameter is the smallest, it is impossible to collect fine substances of several tens of µm or more. 

The porous film laminate of the present invention can be preferably used as a filter, a separation membrane, or a 
separator. In order to form a porous film on the nonwoven fabric base material, the base material can ensure 
sufficient strength. Since the porous film has a high porosity, it can be used for a porous single film for 
applications requiring insufficient strength. Examples of the filter using the porous film laminate of the present 
invention include a filter for filtering an aqueous solution such as water or a solvent, or a filter for filtering a gas 
such as air; and a filter for treating waste water capable of removing foreign matter of at least sub micron 
particles; A filter for filtration such as blood separation such as separation of red blood cells; a filter for an air 
conditioner such as a body of dust, pollen, mold, or cockroach separated from the air. The porous film laminate 
of the present invention can also be used as a base material for an oxygen-rich film used in an air conditioner. 

Further, for example, it can be used as a filter for an inkjet printer. In the ink jet printer, various filters can be 
used depending on the purpose in order to stably eject the ink from the fine holes of the ink jet head without 
blocking. Various names are used depending on the manufacturer, and examples thereof include a small dish 
filter, an ink filling filter, a main body filter, a nozzle protection end filter (Last Chance Filter), and an ink bag 
(filter ink bag). , bubble suppression filter, straight-through filter, etc. 

Further, for example, use as a filter used in a medical system or the like can be cited. In the medical system, 
liquid nitrogen or the like can be used for frozen storage of blood, storage of germ cells (sperm or egg), cultured 
cells, biological samples, or raw materials. Liquid nitrogen or the like used in such applications requires removal 
of foreign matter such as viruses. Since the virus is about 0.1 to 0.2 µm, the virus can be removed by filtering 
the liquid nitrogen with the porous membrane laminate of the present invention. 

Further, the porous film laminate of the present invention can also be used as a test paper. The test paper can be 
widely used for experimental use, medical use, etc., and examples thereof include pH test paper (for example, 
litmus paper), water test paper (for example, ion test paper), oil test paper, moisture test paper, ozone test paper, 
urine test paper, blood test paper, and the like .. The ion test paper can be used to study metal ions or anions 
qualitatively or quantitatively. Urine test strips can be used to study urine sugar, urine protein, and occult blood 
in a quantitative manner. Blood test strips can be used to quantitatively study blood sugar levels and the like. 
The measurement methods of these test papers are simple, and therefore the use opportunities increase year by 
year. 
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Since the porous film laminate of the present invention is in close contact with the base material, sufficient 
strength can be ensured in operation. Further, the porous film can adsorb the indicator used in the determination, 
and therefore is a preferred medium. Further, since a sample such as a solvent such as water, urine or blood can 
be retained, it is preferably used in these applications. 

The porous film laminate of the present invention can be preferably used as a separator for a battery. Battery 
separator Separating the positive and negative electrodes requires excellent electrolyte retention and good ion 
conductivity. In addition, various properties such as heat resistance, flexibility, and strength are required. 
According to the porous film laminate of the present invention, these characteristics can be exhibited in a 
balanced manner, and therefore, it is very useful as a separator for various batteries. 

In order to improve the safety of the battery separator in the past fire, automotive use, or industrial use, high heat 
resistance is required. From this viewpoint, the porous film laminate of the present invention is also useful. 

In the porous film laminate of the present invention, a water-resistant nonwoven fabric can be used as the base 
material, and therefore, the swelling of the nonwoven fabric base material can be prevented. 

[Method for Producing Porous Film Laminate] 

The porous film laminate of the present invention can be produced by laminating the porous film on at least one 
side of the nonwoven fabric by a method of thermal fusion bonding, for example, by polymerizing the porous 
film. The solution is produced by casting a solution onto a substrate and forming a film, and then contacting the 
coagulating liquid to make it porous, which will be described in detail below. 

(Method for producing porous individual film) 

The porous film can be produced by, for example, casting a polymer solution into a film shape on a film base 
material, contacting it with a coagulating liquid to make it porous, and then peeling it off from the film base 
material and performing it on the porous film. Dry to obtain a porous film. As a method of contacting and 
coagulating the coagulating liquid, a method of obtaining a film by a wet phase conversion method (for 
example, refer to JP-A-2001-145826) and a dry phase conversion method (for example, refer to International 
Publication) A known method such as a method of using a solvent-replacement-speed-adjusting material, and a 
method of using a solvent-replacement-speed-adjusting material (for example, refer to JP-A-2000-319442, JP­
A-2001-67643). 

The porous film can also be produced by a method for producing a resin porous film typified by a polyolefin­
based porous film. When the method for producing a resin porous film is roughly classified, there are two 
methods of a wet method in which the porous film is formed in the extraction step and a dry method in which 
the porous film is formed in the stretching step. As the former method, for example, the method described in JP­
A-58-59072 can be cited. Japanese Laid-Open Patent Publication No. SHO-58-59072 discloses a production 
method in which a plasticizer or the like is kneaded together with a resin and melt-extruded, and a plasticizer or 
the like is extracted and made porous in an extraction tank. 

On the other hand, as the latter method, for example, a method described in JP-A-62-121737 can be cited. JP-A-
62-121737 discloses a production method in which a layered crystal is formed on a melt-extruded original film, 
and the layered crystals are cracked and made porous by longitudinal uniaxial stretching. According to this 
method, unlike the wet method, the extraction step is not required, and the process can be simplified. Further, as 
a method for producing a biaxially-stretched porous film using a dry method, a method described in 
International Publication No. 2007 /09833 9 can be mentioned. A technique of transversely stretching a porous 
film obtained by a known longitudinal uniaxial stretching while relaxing in the longitudinal direction by heat is 
disclosed in International Publication No. 2007 /098339. 

A polytetrafluoroethylene (PTFE)-based porous film can also be produced by the same method as the 
polyolefin-based porous film. 

As the polymer solution to be cast, for example, a polymer component which is a material constituting the 
porous film, a water-soluble polymer, a water-soluble polar solvent, a mixed solution of water as needed, or the 
like can be used. 
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The polymer component which is a material constitnting the porous film is preferably one which has solubility 
in a water-soluble polar solvent and can be formed into a film by a phase inversion method, and one of the 
above-mentioned exemplified materials or a mixtnre of two may be used. the above. Further, a monomer 
component (raw material) of the polymer component or an oligomer thereof, a precursor before imidization or 
cyclization, or the like may be used instead of the high molecular component constitnting the porous film. 

The addition of a water-soluble polymer or water to the cast polymer solution can effectively make the 
membrane structnre porous into a sponge. The water-soluble polymer may, for example, be polyethylene glycol, 
polyvinylpyrrolidone, polyethylene oxide, polyvinyl alcohol, polyacrylic acid, polysaccharides or the like, or a 
derivative thereof, or a mixtnre thereof. Among them, polyvinylpyrrolidone is preferred in terms of suppressing 
the formation of voids in the inside of the film and improving the mechanical strength of the film. These water­
soluble polymers may be used singly or in combination of two or more. The water-soluble polymer may have a 
molecular weight of 200 or more, preferably 300 or more, particularly preferably 400 or more (for example, 
about 400 to 200,000), and particularly preferably 1,000 or more. The void diameter can be adjusted by the 
addition of water. For example, when the amount of water added in the polymer solution is increased, the void 
diameter can be increased. 

The water-soluble polymer is very effective for making the film structure into a sponge shape, and various 
structures can be obtained by changing the kind and amount of the water-soluble polymer. Therefore, it is highly 
preferred that the water-soluble polymer be used as an additive in forming a porous film for the purpose of 
imparting desired pore characteristics. On the other hand, the water-soluble polymer does not eventually 
constitnte a porous film, but an unnecessary component which should be removed. In the method using the wet 
phase conversion method, the water-soluble polymer is easily removed by washing in a step of immersing in a 
coagulating liquid such as water to carry out phase inversion. On the other hand, in the dry phase conversion 
method, the component (unwanted component) which does not constitnte the porous film is removed by heating, 
and the water-soluble polymer is removed by heating without using the wet phase conversion method. As 
described above, the manufactnring method using the wet phase conversion method is advantageous in that a 
porous film having desired pore characteristics can be easily produced as compared with the case of using the 
dry layer conversion method. 

Examples of the water-soluble polar solvent include dimethyl sulfoxide, N,N-dimethylformamide, N,N­
dimethylacetamide (DMAc), and N-methyl-2-pyrrolidone. (NMP), 2-pyrrolidone, a mixtnre thereof, and the 
like, and a substance having solubility (a good solvent for a polymer component) is used depending on the 
chemical skeleton of the resin used as the polymer component. 

The polymer solution to be cast preferably includes, as a material constituting the porous film, 8 to 25% by 
weight of the polymer component, 5 to 50% by weight of the water-soluble polymer, 0 to 10% by weight of 
water, and the water-soluble polar solvent 30. '""'82% by weight of a mixed solution or the like. At this time, 
when the concentration of the polymer component is too low, the thickness of the porous film is insufficient, or 
it is difficult to obtain desired pore characteristics. Further, when the concentration of the polymer component is 
too high, the porosity tends to be small. The water-soluble polymer is added in order to make the inside of the 
film a homogeneous sponge-like porous structnre. However, when the concentration is too low, a large void of 
more than 10 µm is generated inside the film, and the uniformity is lowered. In addition, when the concentration 
of the water-soluble polymer is too high, the solubility is deteriorated, and when it exceeds 50% by weight, 
problems such as weakening of the film strength tend to occur. The amount of water added can be used to adjust 
the void diameter, and the diameter can be increased by increasing the amount of addition 

When the polymer solution is cast into a film shape, the film is preferably held in an atmosphere having a 
relative humidity of 70 to 100% and a temperatnre of 15 to 90 ° C for 0.2 to 15 minutes, and then introduced 
into a non-solvent composed of a polymer component. In the coagulation solution. By placing the cast film after 
the above conditions, the porous film can be made homogeneous and highly connected. The reason for this is 
that moistnre is intruded from the surface of the film to the inside by being placed under humidification 
conditions, and phase separation of the polymer solution is effectively promoted. Particularly preferred 
conditions are a relative humidity of 90 to 100%, a temperatnre of 30 to 80 ° C, and a relative humidity of about 
100% (e.g., 95 to 100%) and a temperatnre of 40 to 70 °C. When the amount of water in the air is less than the 
above conditions, there is a case where the surface opening ratio is insufficient. 

According to the method for producing a porous film, for example, a porous film having a plurality of pores 
having connectivity and having an average pore diameter of0.01 to 10 µm can be easily formed. As described 
above, the diameter, porosity, and opening ratio of the pores of the porous membrane constitnting the porous 
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membrane of the present invention can be determined by the type or amount of constituent components of the 
polymer solution, the amount of water used, the humidity of the flow delay, and the temperature. The time and 
the like are appropriately selected and adjusted to a desired value. 

The coagulation liquid to be used in the phase-conversion method is not particularly limited as long as it is a 
solvent for solidifying the polymer component, and may be appropriately selected depending on the type of the 
polymer to be used as the polymer component. For example, the polyamideimide resin may be used. The solvent 
for solidifying the polyamic acid may be, for example, water; alcohol such as monohydric alcohol such as 
methanol or ethanol; polyhydric alcohol such as glycerin; water-soluble polymer such as polyethylene glycol: 
and water-soluble coagulating liquid such as a mixture thereof. . 

In the method for producing a porous film, a porous film can be produced by introducing into a coagulating 
liquid and forming a porous film on the surface of the film base material, followed by peeling and direct drying. 
The drying method is not particularly limited as long as it can remove a solvent component such as a 
coagulating liquid, and it may be dried under heating or naturally dried at room temperature. The method of the 
heat treatment is not particularly limited, and may be a method of hot air treatment, hot roll treatment, or 
introduction into a thermostatic chamber or an oven, as long as the porous membrane can be controlled to a 
predetermined temperature. The heating temperature can be selected from a wide range of, for example, room 
temperature to 600 °C. The atmosphere during the heat treatment may be any of air, nitrogen, and an inert gas. 
Air is the cheapest, but it can be accompanied by an oxidation reaction. When this is avoided, nitrogen or an 
inert gas may be used, and nitrogen gas is preferred from the viewpoint of cost. The heating conditions are 
appropriately set in consideration of productivity, physical properties of the porous film, and the like. By drying, 
a porous film can be obtained. 

The porous film obtained as described above can be further subjected to a crosslinking treatment using heat, 
visible light, ultraviolet rays, electron beams, radiation, or the like. By the treatment, the precursor constituting 
the porous film is polymerized, crosslinked, and cured to form a polymer compound. When the porous film is 
composed of a polymer compound, crosslinking or curing can be performed to obtain rigidity or resistance. A 
porous film having further improved properties such as properties. For example, a porous polyimide film can be 
obtained by further subjecting a porous film formed using a polyimide-based precursor to thermal imidization or 
chemical imidization. The porous film formed using the polyamideimide-based resin can be thermally 
crosslinked. It should be noted that thermal crosslinking may be carried out simultaneously with the heat 
treatment for drying after introduction into the coagulation liquid. 

(Lamination of non-woven base material and porous film) 

The lamination method of the nonwoven fabric base material and the porous film can be reasonably produced by 
heat fusion bonding or the like. In this case, (the glass transition temperature of the resin constituting the porous 
film) □ (the melting point of the resin constituting the nonwoven fabric) is preferable. 

The specific manufacturing method will be described. A porous film is placed on at least one surface of the 
nonwoven fabric base material, and is heated from one side or both sides of the porous film by a heat source to 
slightly melt the surface of the nonwoven fabric base material that is in contact with the porous film, thereby 
obtaining a nonwoven fabric. A laminate in which a cloth base material is in close contact with a porous film. At 
this time, in order to protect the porous film, the nonwoven fabric base material or both from friction or the like, 
it is preferred to carry the protective film on one side or both sides. The heat source may be an iron, a laminating 
machine, a heating roll, or the like, or a laminating device, a heat sealing device, a calendering device, a roll 
pressing device, or the like may be used. 

The reason why (the glass transition temperature of the resin constituting the porous film) □ (the melting point 
of the resin constituting the nonwoven fabric) is that the porous film having micropores is almost or completely 
unaffected by heat, and only the nonwoven fabric base material is slightly Melt. The heating may be performed 
by melting the nonwoven fabric and adhering it to the porous film, and heating more than necessary may cause 
clogging of the pores of the nonwoven fabric, which is not preferable. The heating temperature is preferably 
between (the glass transition temperature of the resin constituting the porous film) and (the melting point of the 
resin constituting the nonwoven fabric), and is preferably (the glass transition temperature of the resin 
constituting the porous film) □ (heating temperature) □ (the melting point of the resin constituting the 
nonwoven fabric). The heating temperature at this time is the temperature at which the porous film and the 
nonwoven fabric base material are in contact with each other. For example, a polyolefin such as polyethylene or 
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polypropylene has a melting point of about 130 to 165 ° C. Therefore, the heating temperature may be about 140 
to 170 ° C. 

In the case of a general nonwoven fabric, the air permeability measured by a Gurley gas permeability meter is 
0.1 second or less of the measurement limit, and therefore, even if it is thermally deformed by a part of the heat­
fusible polyolefin nonwoven fabric, it is breathable. Degree has almost no effect. However, it is not preferable to 
maintain it for a long time (the melting point of the resin constituting the nonwoven fabric) or more. The 
technical focus of controlling hot-melt bonding is heating temperature, moving speed of heat source, pressure, 
etc. It is important to properly control these factors. 

The polymer solution is cast onto a substrate to form a film, and then introduced into a coagulating liquid. Then, 
a separate film peeled off from the substrate is dried, and the thus obtained porous film and nonwoven fabric 
substrate are thermally melt-bonded or the like. The material is laminated, and it is preferable that the glass 
transition temperature of the resin constituting the porous film is the melting point of the resin constituting the 
nonwoven fabric. 

A porous film laminate in which a porous film having excellent pore characteristics and a matrix material are 
directly laminated can be easily obtained by the above method. 

According to the method for producing a porous film laminate, a laminate having a porous film coated on one or 
both sides of the base material by the porous film can be easily obtained, and the porous film is provided with a 
plurality of connectivity The micropores have an average pore diameter of 0.01 to 10 µm. 

Example 

Hereinafter, the present invention will be described in more detail based on examples, but the present invention 
is not limited by these examples. Tape peeling test, measurement of average pore diameter, measurement of 
average open porosity (porosity) inside porous film, gas permeability test, high temperature placement test, 
measurement of arithmetic mean surface roughness Sa (surface roughness), tensile strength The measurement 
was carried out by the following method. 

(tape stripping test) 

(i) The following tape was attached to the surface of the porous film of the porous film laminate, and the tape 
was pressed against the bonded portion by a roll described below to press the tape. 

(ii) T-peeling was performed under the conditions of 50 mm/min using the universal tensile tester described 
below. 

(iii) Observe whether or not the interface between the porous film and the heat-resistant nonwoven fabric base 
material is peeled off. 

Tape: manufactured by Teraoka Manufacturing Co., Ltd. (trade name "film masking tape No. 603 (#25)", 24 
mm width) 

Roller: 30mm diameter, 200gf load 

Universal tensile testing machine: manufactured by Orientec Co., Ltd. (trade name "TENSILON RTA-500") 

Further, the average pore diameter and porosity of the film in Example 1 were calculated by the following 
methods. These average pore diameters and porosity were obtained only by the micropores observed at the 
forefront of the electron micrograph, and the micropores observed inside the photograph were not targeted. 

(Measurement of average pore size) 

From the electron micrograph, the area of any 30 or more holes on the surface or the cross section of the 
laminate was measured, and the average value was defined as the average pore area S ave . Assuming that the 
hole is a perfect circle, the value converted from the average hole area to the hole diameter is set to the average 
hole diameter using the following formula. Here, x represents a pi. 
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Average pore size on the surface or inside [µm.]=2·(S ave /x) 1/2 

(Measurement of average open porosity (porosity) inside porous film) 

In Comparative Example 1, since the porous film was embedded in the inside of the nonwovenfabric and 
integrated with the base material, it was difficult to directly measure the porosity inside the porous film. 
Therefore, a PET film (trade name "HS74AS": 100 µm thick) was used instead of the PET nonwoven fabric as a 
base material, and the stock solution was cast on the easy-adhesive surface of the PET film, and then immersed 
in water and solidified. Next, the porous film obtained by peeling off from the PET film and dried was 
measured, and the internal porosity was calculated by the following formula. When there is no base material, it 
is calculated directly by the following formula. 

V represents the volume [cm 3] of the film, W represents the weight [g] of the porous film, and p represents the 
density [g/cm 3] of the porous film raw material. The density of the polyamideimide was 1.45 [g/cm 3], and 
the density of the polyetherimide was 1.27 [g/cm 3 ]. 

Porosity [%]=100-lO0·W/(p·V) 

(breathability test) 

The air permeability was measured using a Gurley type air permeability meter type B manufactured by TESTER 
SANGYO CO., LTD., based on JIS P8117. The number of seconds is measured using a digital automatic 
counter. The smaller the value of the gas permeability (Gee value), the higher the permeability of air, that is, the 
high connectivity of the micropores in the porous film. It should be noted that the air permeability of the base 
material and the gas permeability of the porous film laminate were evaluated by the test method unless 
otherwise specified. 

(high temperature placement experiment) 

The shape of the laminate in which the porous film was integrated was adjusted to a substantially rectangular 
shape of about 5 cm x 10 cm, and the distance between the two sides a and b on the vertical side was measured 
to evaluate the change in the shape of the sample. First, the initial distances al and bl were measured. Next, the 
sample was placed in a thermostat adjusted to a temperature of 140 ° C and left for 30 minutes. Then, the 
sample was taken out, and after naturally cooling to room temperature, the distances a2 and b2 were measured. 
The respective rate of change of a and b was calculated using the following formula. 

Rate of change of a after high temperature placement(%)= {la2-all/al} x 100 

The rate of change ofb was calculated in the same manner. 

(Measurement of arithmetic mean surface roughness Sa (surface roughness)) 

The surface roughness was calculated by measuring the surface shape using a non-contact surface measuring 
system VertScan 2.0 (manufactured by Ryokan Corporation) using an optical interference method. The 
measurement area was set to a range of250 µm x 188 µm, and the measurement conditions were an objective 
lens= 50 times, a lens barrel= 0.5 x Body, a continuous zoom lens= NoRelay, a filter= 530white, a 
measurement mode= Wave, and a field of view size= 640 x 480. The arithmetic mean surface roughness (Sa) 
was used as the surface roughness. 

(Measurement of tensile strength) 

A test piece having a size of 15 x 150 mm was taken along the MD direction (flow direction) at the time of 
sample preparation, and the distance between the chucks was set to 100 mm using a universal tensile tester, and 
the test piece was stretched at a speed of about 200 mm per minute, and the test piece was measured. Tensile 
Strength. The unit is expressed in N/15mm. 

[Manufacturing Example l] 

Add to 100 parts by weight of a polyamideimide resin solution (trade name "VYLOMAX (HR) NNl l" 
manufactured by Toyobo Co., Ltd.; solid content concentration: 15% by weight, solvent NMP, solution 
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viscosity: 20 dPa·s / 25 ° C) 35 parts by weight ofpolyvinylpyrrolidone (molecular weight: 55,000) was used as 
a raw material for film formation as a water-soluble polymer. A PET film (thickness: 100 µm: trade name 
"HS74AS") manufactured by Teijin DuPont Co., Ltd. was placed on a glass plate as a base material, and the 
easy-adhesive surface was placed thereon, and a stock solution kept at 25 ° C was cast on the PET using a film 
coater. On the membrane. The flow rate was carried out with a gap between the film coater and the PET film of 
51 µm. After casting, it was rapidly held in a container having a humidity of about 100% and a temperature of 
50 ° C for 4 minutes. Thereafter, when immersed in water and allowed to solidify and washed, the porous film 
was naturally peeled off from the PET film. 

The porous film was obtained by natural drying at room temperature. The thickness of the porous film was 
about 23 µm. The porous film was observed with an electron microscope, and as a result, the average pore 
diameter of the pores present on the surface of the porous membrane was about 0.5 µm, the inside of the porous 
membrane was substantially homogeneous, and the microporosity having an average pore diameter of about 0.5 
µm was present as a whole. hole. Further, the porosity inside the porous film was 70%. The air permeability of 
the porous film was measured, and the result was an average of 4 seconds (measured value of 3 times, 4 
seconds, 4 seconds, 4 seconds). Fig. 1 shows an electron micrograph (SEM photograph) of the surface of the 
porous film obtained in Production Example 1. 

[Manufacturing Example 2] 

Polyvinylpyrrolidone (molecular weight: 55,000) was added to 100 parts by weight of a polyetherimide resin 
solution (manufactured by GE Plastic, Japan, trade name "ULTEM (1000)"; solid content concentration: 18% 
by weight, solvent NMP) A stock solution for film formation is prepared as a water-soluble polymer in parts by 
weight. 

A PET film (thickness: 100 µm: trade name "HS74AS") manufactured by DuPont Co., Ltd., which is a base 
material, was placed on a glass plate, and the easy-adhesive surface was placed thereon, and the stock solution 
kept at 25 ° C was cast using a film coater. On the PET film. The flow delay was carried out with a gap of 51 
µm between the film coater and the PET film. After casting, it was rapidly held in a container having a humidity 
of about 100% and a temperature of 50 ° C for 4 minutes. Thereafter, when immersed in water and solidified 
and washed, the porous film was naturally peeled off from the PET film. The porous film was obtained by 
natural drying at room temperature. The thickness of the porous film was about 24 µm. The porous film was 
observed with an electron microscope. As a result, the pores present on the surface of the porous film had an 
average pore diameter of about 1 µm, and the inside of the porous film was substantially homogeneous and had 
micropores having connectivity having an average pore diameter of about 1 µm as a whole. Further, the porosity 
inside the porous film was 73 %. The air permeability of the porous film was measured, and as a result, it was an 
average of 4 seconds (3 times of measurement values of 3 seconds, 4 seconds, and 4 seconds). Fig. 2 shows an 
electron micrograph (SEM photograph) of the surface of the porous film obtained in Production Example 2. 

[Example l] 

The polyamideimide-based porous film of Production Example 1 was laminated on a poly olefin nonwoven 
fabric manufactured by VILENE, Japan (having a thickness of about 250 µm, a basis weight of about 80 g/m 2 , 
a density of about 0.36 g/cm 3, and a gas permeability of 0.1 second). : The product name "FT-330N" was 
placed between the PET film (manufactured by Toray Industries, thickness: 100 µm: product name "lumiler 
S10") and placed on a table. The temperature setting of the steam iron (product number: NI-R70) manufactured 
by Matsushita Electric Industrial Co., Ltd. is set to medium (about 150 ° C), and the polyamide film-based 
porous film is combined with the PET film at the set temperature. The side is heated. The moving speed of the 
steam iron was set to about 60 cm/min. 

By the above method, a laminate in which a polyamideimide-based porous film and a polyolefin nonwoven 
fabric are integrated is obtained. The total thickness of the laminate was about 313 µm. On one side of the 
polyamideimide-based porous film, the glass transition temperature was about 300 ° C, so no change was 
observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interface peeling occurred 
between the nonwoven fabric and the porous film. The laminate was observed with an electron microscope, and 
as a result, the pores present on the surface of the porous membrane had an average pore diameter of about 0. 5 
µm. The air permeability of the laminate was measured and found to be 4 seconds on average (measured values 
of 3 times, 5 seconds, and 4 seconds), and the same values as those of the polyamideimide-based porous film 
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before lamination. It was not observed that the prepared laminate caused deterioration in gas permeability and 
there was almost no deviation. 

Further, in terms of the rate of change after the high-temperature standing, both a and b were 1.0%, and almost 
no change in shape due to the high-temperature placement of the laminate was observed. It was confirmed that 
the laminate was excellent in shape stability at a high temperature. 

[Embodiment 2] 

The polyamideimide-based porous film of Production Example 1 was laminated on a poly olefin nonwoven 
fabric manufactured by VILENE, Japan (having a thickness of about 250 µm, a basis weight of about 80 g/m 2 , 
a density of about 0.36 g/cm 3, and a gas permeability of 0.1 second). : The product name "FT-330N" was 
placed between the PI film (manufactured by Toray DuPont, thickness 25 µm: product name "Kapton (1J"1 ~ ~) 
lO0H"). The temperature setting scale of the laminator (product number: LFA341D) mannfactured by IRIS 
OHYAMA Co., Ltd. was set to 13 (about 150 ° C), and was heated from both sides together with the PI film 
while reaching the set temperature. The lamination speed of the laminator was about 47 cm/min. 

By the above method, a laminate in which a polyamideimide-based porous film and a polyolefin nonwoven 
fabric are integrated is obtained. The total thickness of the laminate was about 249 µm. Since the surface of the 
surface of the poly olefin nonwoven fabric is thermally melted due to heating from both sides, the smoothness is 
increased. On one side of the polyamideimide-based porous film, the glass transition temperature was about 300 
°C, and therefore, no change was observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interface peeling occurred 
between the nonwoven fabric and the porous film. The laminate was observed with an electron microscope, and 
as a result, the pores present on the surface of the porous membrane had an average pore diameter of about 0. 5 
µm. When the air permeability of the laminate was measured, the average value was 5 seconds (measured values 
of 5 seconds, 5 seconds, and 4 seconds), and the value of the polyamideimide-based porous film before 
lamination was almost the same, and there was almost no variation. It was not observed that the prepared 
laminate caused deterioration in gas permeability. 

Further, in terms of the rate of change after the high-temperature standing, a and b were 1.4% and 1.5%, 
respectively, and almost no change in shape due to the high-temperature placement of the laminate was 
observed. It was confirmed that the laminate was excellent in shape stability at a high temperature. 

[Example 3] 

In Example 2, two layers of non-woven fabrics ( one having a thickness of about 105 µm, a basis weight of about 
50 g!m 2 , and a density of about 0.43 g/cm 3 ) made of a wide paper made of rayon paper were used. Air 
permeability: 0.1 second: Trade name "0SEP-50") As a nonwoven fabric, a polyamideimide-based porous film 
was laminated on the polypropylene side of the two-layer nonwoven fabric, and Example 2 was used. In the 
same manner, a laminate in which a nonwoven fabric and a porous film were integrated was obtained. The total 
thickness of the laminate was about 135 µm. Heating was carried out from both sides, but the melting point of 
the polyester was about 260 ° C, so that no change was observed on the surface of one side of the polyester 
nonwoven fabric. On one side of the polyamideimide-based porous film, the glass transition temperature was 
about 300 ° C, so no change was observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interface peeling occurred 
between the nonwoven fabric and the porous film. The laminate was observed with an electron microscope, and 
as a result, the pores present on the surface of the porous membrane had an average pore diameter of about 0. 5 
µm. When the air permeability of the laminate was measured, the average value was 4 seconds (measured values 
of 3 times, 4 seconds, 4 seconds, 4 seconds), and the values of the polyamideimide-based porous film before 
lamination were the same, and there was no variation. It was not observed that the prepared laminate caused 
deterioration in gas permeability. 

Further, in terms of the rate of change after the high-temperature standing, a and b were 0% and 0.5%, 
respectively, and almost no change in shape due to the high-temperature placement of the laminate was 
observed. It was confirmed that the laminate was excellent in shape stability at a high temperature. 

[Example 4] 
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In Example 2, two layers of non-woven fabrics ( one having a thickness of about 93 µm, a basis weight of about 
50 g!m 2 , and a density of about 0.42 g/cm 3 ) made of a wide paper made of rayon paper were used. Air 
permeability: 0.1 second: Trade name "15EP-50") As a nonwoven fabric, a polyamideimide-based porous film 
was laminated on the polypropylene side of the two-layer nonwoven fabric, and Example 2 was used. In the 
same manner, a laminate in which a nonwoven fabric and a porous film were integrated was obtained. The total 
thickness of the laminate was about 131 µm. Heating was carried out from both sides, but the melting point of 
the polyester was about 260 ° C, and therefore no change was observed on the surface of one side of the 
polyester nonwoven fabric. On one side of the polyamideimide-based porous film, the glass transition 
temperature was about 300 ° C, and therefore, no change was observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interface peeling occurred 
between the nonwoven fabric and the porous film. The laminate was observed with an electron microscope, and 
as a result, the pores present on the surface of the porous membrane had an average pore diameter of about 0.5 
µm. When the air permeability of the laminate was measured, the average value was 4 seconds (measured values 
of 3 times, 4 seconds, 4 seconds, 4 seconds), and the values of the polyamideimide-based porous film before 
lamination were the same, and there was no variation. It was not observed that the prepared laminate caused 
deterioration in gas permeability. 

Further, in terms of the rate of change after the high-temperature standing, a and b were 0.4% and 0.5%, 
respectively, and almost no change in shape due to the high-temperature placement of the laminate was 
observed. It was confirmed that the laminate had excellent shape stability at a high temperature. 

[Example 5] 

In Example 2, a polyolefin nonwoven fabric (having a thickness of about 13 µm, a basis weight of about 2.6 g/m 
2, a density of about 0.20 g/cm 3 , a gas permeability of 0.1 second: trade name "06HOP-" was produced using 
a wide paper. 2)) A laminate of a polyamideimide-based porous film and a polyolefin nonwoven fabric was 
obtained in the same manner as in Example 2 except that the nonwoven fabric was used. The total thickness of 
the laminate was about 38 µm. Since the heating is performed from both sides, the surface of one side of the 
poly olefin nonwoven fabric is thermally melted, and the smoothness is increased. On one side of the 
polyamideimide-based porous film, the glass transition temperature was about 300 ° C, so no change was 
observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, the nonwoven fabric and the porous 
film did not cause interface peeling. The laminate was observed with an electron microscope, and as a result, the 
pores present on the surface of the porous membrane had an average pore diameter of about O .5 µm. When the 
air permeability of the laminate was measured, the average value was 5 seconds (measured value of 3 times, 4 
seconds, 5 seconds, and 5 seconds), and the value of the polyamideimide-based porous film before lamination 
was almost the same. It was not observed that the prepared laminate caused deterioration in gas permeability. 

Further, in terms of the rate of change after the high-temperature standing, a and b were 1.6% and 0.7%, 
respectively, and the shape change caused by the laminate being placed at a high temperature was only curling. 
It was confirmed that the laminate had excellent shape stability at a high temperature. 

[Embodiment 6] 

In Example 2, a polyolefin nonwoven fabric (having a thickness of about 13 µm, a basis weight of about 2.6 g/m 
2, a density of about 0.20 g/cm 3 , a gas permeability of 0.1 second: trade name "06HOP-" was produced using 
a wide paper. 2)) A polyetherimide-based porous film and a polyolefin non-woven fabric were obtained in the 
same manner as in Example 2 except that the polyetherimide-based porous film of Production Example 2 was 
used as the nonwoven fabric. A laminated body of cloth. The total thickness of the laminate was about 39 µm. 
Since the heating is performed from both sides, the surface of one side of the polyolefin nonwoven fabric is 
thermally melted, and the smoothness is increased. On one side of the polyetherimide-based porous film, the 
glass transition temperature was about 217 ° C, so no change was observed. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interface peeling occurred 
between the nonwoven fabric and the porous film. The laminate was observed with an electron microscope, and 
as a result, the pores present on the surface of the porous membrane had an average pore diameter of about 1 
µm. The air permeability of the laminate was measured, and as a result, it was an average of 4 seconds 
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(measured value of 3 times, 5 seconds, 4 seconds, and 3 seconds), and was the same as the value of the 
polyetherimide-based porous film before lamination. There are deviations. It was not observed that the prepared 
laminate caused deterioration in gas permeability. 

Further, in terms of the rate of change after the high temperature standing, a and b were 0.2% and 0.6%, 
respectively, and the shape change caused by the laminate being placed at a high temperature was only curling. 
It was confirmed that the laminate had excellent shape stability at a high temperature. 

[Comparative Example l] 

Add to 100 parts by weight of a polyamideimide resin solution (trade name "VYLOMAX (HR) NNl l" 
manufactured by Toyobo Co., Ltd.; solid content concentration: 15% by weight, solvent NMP, solution 
viscosity: 20 dPa·s / 25 ° C) 40 parts by weight ofpolyvinylpyrrolidone (molecular weight: 55,000) was used as 
a water-soluble polymer as a stock solution for film formation. A PET nonwoven fabric (thickness: 130 µm, 
basis weight: about 90 g/m 2 , density of about 0.69 g/cm 3 , air permeability of 0.1 second: trade name "MF-
90") of Japanese VILENE Co., Ltd. was placed on a glass plate. The stock solution held at 25 ° C was cast on 
the nonwoven fabric using a film coater. The flow time was carried out with a gap of51 µm between the film 
coater and the nonwoven fabric. After casting, it was quickly held in a container having a humidity of about 
100% and a temperature of 50 ° C for 4 minutes. Thereafter, it is immersed in water, solidified and washed, and 
then peeled off from the nonwoven fabric, taken out from the water, placed on a paper towel, and naturally dried 
at room temperature, thereby obtaining a nonwoven fabric and a porous film. Integrated laminate. The total 
thickness of the laminate was about 147 µm. 

The obtained laminate was subjected to a tape peeling test, and as a result, no interfacial peeling occurred 
between the nonwoven fabric and the porous film. When the laminate was observed with an electron 
microscope, the porous film was adhered to the nonwoven fabric, and the pores present on the surface of the 
porous membrane had an average pore diameter of about 0.2 µm, and the inside of the porous membrane was 
substantially homogeneous and had an average pore diameter as a whole. 0.2 µm micropores with connectivity. 
Further, the porosity inside the porous film was 70%. The air permeability of the laminate was measured and 
found to be 136 seconds on average (measured values of 142 seconds, 170 seconds, and 96 seconds in three 
times). It was found that the gas permeability was extremely iuferior to the laminate samples of Examples 1 to 6, 
and the variation was also extremely large. 

Table 1 shows the values of the surface roughness Sa of the laminates of Examples 1 to 6 and Comparative 
Example 1. It was confirmed that the surface of the laminate obtained by the hot melt bonding (heat sealing) of 
the present invention has a very small surface roughness, but the surface of the laminate obtained by the coating 
of the comparative example has a relatively large surface roughness .. Further, it was coufirmed that the 
laminate of the present invention has a smooth surface and high gas permeability, but in the comparative 
example, the porous film of the laminate penetrates deeply into the nonwoven fabric, thereby impeding the gas 
permeability. 

Table 1 

The results of the high temperature placement experiment are summarized in Table 2. Further, for comparison, a 
high-temperature placement test of a separator (thickness: about 25 µm, product model 2500) manufactured by 
Celgard Co., Ltd., which is a commercially available polyolefin separator, was carried out, and as a result, the 
separator was particularly oriented along one side after the test. Significant shrinkage occurs, which in turn 
produces curl. It was coufirmed that the polyolefin separator has very poor shape stability at high temperatures. 
On the other hand, it was coufirmed that the laminate of the present invention has shape stability at a high 
temperature. 

Table 2 
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Table 3 shows the measurement results of the tensile strength of the laminates of Examples 1 to 6 and the 
porous films of Production Examples 1 and 2. The tensile strength of the laminates of Examples 1 to 6 was 
increased as compared with the porous films of Production Examples 1 and 2, and the workability was 
confirmed to be improved. 

table 3 

Industrial applicability 

The porous film laminate of the present invention is excellent in porosity and surface smoothness, has heat 
resistance and flexibility, and is excellent in workability and moldability. Therefore, it can be used as a filter and 
separation at high temperatures. Membrane, separator, or as part of them. 
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CN104999745A Microporous laminated membrane and method for producing the same 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

l.A porous film laminate in which a porous film is laminated on at least one side of a nonwoven fabric base 
material, wherein 

The porous membrane is provided with a plurality of micropores having connectivity, and the micropores have 
an average pore diameter of0.01 to 10 µm. 

The arithmetic mean surface roughness Sa of the surface of the porous film obtained by the following 
measurement method is 0.5 µm or less. 

The value of the air permeability of the porous film laminate is 0.5 to 30 seconds. 

The tensile strength of the porous film laminate is 4.0 N/15 mm or more. 

The base material and the porous film did not undergo interface peeling due to the tape peeling test described 
below. 

(tape stripping test) 

A masking tape (manufactured by Teraoka Seisakusho Co., Ltd., trade name "film masking tape No. 603 (#25)", 
width: 24 mm] was attached to the surface of the porous film of the porous film laminate, and a roller having a 
diameter of 30 mm and a load of 200 gf was used. After pressure bonding, T-type peeling was performed using 
a tensile tester at a peeling speed of 50 mm/min; 

(Measurement of arithmetic mean surface roughness Sa) 

The surface roughness was measured by measuring the surface shape using a non-contact surface measuring 
system VertScan 2.0 (manufactured by Nippon Seisakusho Co., Ltd.) using an optical interference method, and 
the measurement region was set to a range of 250 µm x 188 µm. The measurement conditions were as follows: 

Objective lens= 50 times, lens barrel= 0.5 x Body, continuous zoom lens= NoRelay, filter= 530white, 
measurement mode= Wave, field of view size= 640 x 480. 

2.The porous film laminate according to claim 1, wherein the porous film is obtained by casting a polymer 
solution onto a base material and forming a film, and then introducing it into a coagulating liquid, and then, 
from the base material. The separate film peeled off is dried. 

3.The porous film laminate according to claim 1, wherein the arithmetic mean surface roughness Sa is 0.4 µm or 
less. 

4.The porous film laminate according to claim 1, wherein the arithmetic mean surface roughness Sa is 0.3 µm or 
less. 

5.The porous film laminate according to claim 1, wherein the arithmetic mean surface roughness Sa is 0.2 µm or 
less. 

6.The porous film laminate according to claim 1, wherein the gas permeability is from 0.5 to 20 seconds. 

7.The porous film laminate according to claim 1, wherein the gas permeability is from 0.5 to 10 seconds. 

8.The porous film laminate according to claim 1, wherein the value of the gas permeability is from 0.5 to 5 
seconds. 
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9. The porous film laminate according to claim 2, wherein the polymer solution comprises 8 to 25% by weight of 
a polymer component, 5 to 50% by weight of a water-soluble polymer, 0 to 10% by weight of water, and A 
mixed solution of 30 to 82% by weight of a water-soluble polar solvent. 

10. The porous film laminate according to any one of claims 1 to 9, wherein the porous film comprises a 
polyimide resin, a polyamideimide resin, and a polyetherimide resin. And at least one of polyether sulfone 
resins. 

11. The porous film laminate according to any one of claims 1 to 9, wherein the nonwoven fabric base material is 
a poly olefin nonwoven fabric, a polyamide nonwoven fabric, or a partial nonwoven fabric is a poly A multilayer 
nonwoven fabric of an olefin-based nonwoven fabric or a polyamide-based nonwoven fabric. 

12. The porous film laminate according to any one of claims 1 to 9, wherein an average open porosity (porosity) 
of the inside of the porous film is 30 to 80%. 

13. The porous film laminate according to any one of claims 1 to 9, wherein the base material has a thickness of 
lOto 500 µm. 

14. The porous film laminate according to any one of claims 1 to 9, wherein the shape change rate of the porous 
film laminate in the following high-temperature placement test is within 5%: 

(high temperature placement experiment) 

The shape of the laminate integrated with the porous film was adjusted to a substantially rectangular shape of 
about 5 cm x 10 cm, and the lengths al and bl of the substantially rectangular vertical sides were measured, and 
the temperature was adjusted to 140 ° C in a thermostatic chamber. After the laminate was placed for 30 
minutes, the laminate was taken out, and after cooling to room temperature, the lengths a2 and b2 of the 
substantially rectangular vertical sides were measured, and the shape change ratio was calculated using the 
following formula. 

Shape change rate(%) obtained from al, a2 = {la2-all/al} x 100 

Similarly, the shape change rate(%) is obtained from bl and b2. 

The average value of these values was taken as the shape change rate in the high temperature placement 
experiment. 

15. The porous film laminate according to any one of claims 1 to 9, which is used as a filter for gas, liquid or 
solid; a separation membrane; a separator for a battery or a capacitor; or a part thereof. 

16.A method for producing a porous film laminate for obtaining the porous film laminate according to any one 
of claims 1 to 9, the method comprising: a method of laminating the nonwoven fabric substrate and a porous 
film The glass transition temperature of the resin constituting the porous film is determined by hot melt bonding 
□ the melting point of the resin constituting the nonwoven fabric. 

17. The method for producing a porous film laminate according to claim 16, wherein the porous film is obtained 
by casting a polymer solution onto a substrate and forming a film, and then introducing the solution into a 
coagulating liquid, and then The separate film peeled off from the base material is dried. 
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9. :tmtXf:Lli~:R 2 rfl .WiM~f10 ¥·flf!!;lj} ,/Jfi-¥' Jt 1J1 , tifii:f Mi5t+#ri&Jt:-Git~Mi5t+&x·ft 8 --
2fi m. §': % , 7J<if?lt tt: fr1tt, s -- ✓ so m: -w: % , * o -- ✓ 1 o m: -W:9-:~, zt 1t(nr1t Fi-It ir¥ )1u Jo ---· 82 tn: 

~: % (tJ iffi {>;- ;ff 7,31_" 

10. l,flt{flj•'J.Q-::;j( 1 .-,_ 9 r! 1 tE· -Jw!Yd&fl~ J::.fLJlft,frfil·ft' 1t 1!1 , rR.i& J;fU~tf~ ;tilt(] }W'.iltt 
\[E)kr!Rf>1J11' }lffiUJJJCTt;\:1lEH:&?~¥1.f:l~, ltmHWt\ll'.rJ&~+:-tmi, & {f ~lllifxl?~¥1.f:l~ 111 rt; 7i\j;-···· N1 ,, 

l l. ~11.t.ZtlJ !~ )J( 1 ---- g 1j1 {l-···· :rtiPfd:f 1'(0 ¥ JUIMJ}h?:!4'' Jt tjl' /:)If j£ 7dh {ji/[ ·f,t;H M ;:kJ i1 

'./l,ij ·l'L:10 }c;ifj:fff, }~ !~U& ,jt £ tJJ' ;{r_f ~ I&:-ms frf: iJ]tfj },JI~ 'i<ni :K '.1i! Jeth ;f!i' , Wt filf,H:& J.'.:'.}dh A:i !tJ ;f Jl 
)c 0'i .:fri " 

12. ~!l{,J JIJ 'U ::;J< 1 ---- 9 1t1 ff----- J\ijJYi)£1'1~ ;J:: -fUU;1JHJIW. lt 1!r, Nr if t: JLWMJ'.J rkJ g.i; f1½ f .ViJ 

ff-JL4J. ( -flltfrt~ ) Yi 30 --- 80 % ,, 

13. ~u ti l!J Jg: >R 1 --- 9 i+1 f:E • rw Pfr ±£ (:J{J ¥ fL m~t:it .Fil it, Jt if1 , Eh :4 Jit 14· +:J ll- r:i<:1 Jrf rt f,1 

2 
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1 0 --- 500 µ rn ,. 

14. -~11.tZ:fUJt-~R 1 -. 9 ~t1ff • Jvl.f:1/r i2iHlt J;{UJ!jtfi}IH.¥, Jt+1, ·l.-i£1iii"1Mlixt«-.:,t~KA1 Hi-:\£ 
~R~~m~~m~~~~~a¾~~= 

;jtJ 1J ~t-fUtt ~·fi.Ht l]fj r:&Jtt :fil:,l}H,t; flt .ff;.:l}(l}tJ!t :):1tb 5cm x 10cm ffJ :.,(;t\tL( );011, x-rnlh£k 
f,r I<'.: Jj)fS ((Jildfa}Ji iiu1<J KJli'. al , b J. it± t'T WW )l:', rtJ ilil..lt V~ P3: h 1 •WC ~/J 'ltiJfil..1llf V,J :f1VdWi-H1 
H~·l*, QZ.El 30 5+t1 Jfi. fi'x.HJPfftB:!lh}i*, (1 §t,◊ tlJjf'.f{ildJD, xJFYY-:ttAii'& K~/J Jf;WJ 1ft :ti!W.izl 
tl'~JK.l'.~ n2, b2 illfn.t1Jfr:, {iI.'JH Fs.til<~lli'I~IKJlft$., 

l·i-1 aLa2 :RlHffJJf;;J(~~f-t$ (%) = ( a2--aJ: X 100 

1;:;Jt++±r:t~ bJ., b2 AtH1Jf.tR.,1?2ft;.$1. (9;;1), 

~~~ffi~~~ffi~~*~filttX~~~~~~~~~. 
15. ~ut:x:Tf'~:R 1 ··- 9 rt:1 H- ·J11!Yifrif fj~;~JLIJhlfl(-tt, JUHfr::-~d4', WHt, lWI ftff(frtiJ.1? 

l-h~ ; ·fr1112;Mt ; thimwt 1!_:_1. ::-f?:?~ ttJ l~\Hffe :i$t'2 ff J fi{J -m; fr" 
16. ·f1l1 ¥f'Lt%JI!i(ft(1)ttU:rifr):rrL I JtJfi-T·NJLltx.:f-Ll.WS At 1 , __ D 1!11+ -r;rnrrl£ ¥ fUJAJt: 

hI i4;. i:~ /:T i"t:;E Ji'f = Ji}j-5£ £Ni {j:i )'[ !,t, H ft fl:¥ .fUlR [j{J {} h~ 7Yi1dJll H ;~t:l:'.frWiiU: {; , tJJ hx .:t {U!f4 
1HM flij (I\! JJ}J~Ht H' "1J2 iitllJt >-\'ig .f&:iciJ11'ff 11t f.,t f ~ (tJ :tW l-\i: ., 

l 7. HtlJ 5&:R 16 f:i'rH~ffJ %JL.Mt:i"!Ji! ftr:i<Ji!Fliili:)JrL, Jt 1t1 • f:Vrif %JL.Mt~u Ff:J::1JJ :~*J-r% 5t 
·I·i#n~;\t;i£fEMif:if;Hl'1-LJi=.ff;nV;.11JHfa~Jjj, 9)'-1~J\\UMML 1t1 , XfUE:i, M.JAJHt,:;f-fWl- tJ1f{f£-F:-fE 
t'1<1 lf'1. 11! ll'J JI% Jt!: fT Ffi ,. 
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:rl*~±f 
[~1] *~~WR-~~n•n~~*~~~%R~~fil~LlA~~~~~-~~~® 
a , if.& • *111 tr f,.:f/j iii t,t. N; M 'N (1\/ <ii ,J>. - iliI L :it)f! T .H- ?f-Jl {J :iilfil ti: !'10 ¥ ·-t-t~ fl ffJ t TL m4 
!i'li J~\ !YJ ¥-fUlM::11:U! W .& Jt iJll.! :V&:.,'f it, 

w·IHi* 
[ 0002] ff., /J J41fff{HHHU1½ ,,t JU]tL Wu tin fE *) Jflj X1t~ l r[i !~' JHT Ft.f ~;\:fj\'i~t;[E~1dl~J;K{;-!j';l,rn\c; 

r1t;lEJl'i~W~fd!o.tfJJi.Q['.1{JtJLfL!Jl1" t~fHf----- -M1f;ft-l"Ul~, Jtr.HiE*'J<?iHf. J·. Jl 1¾Mt~YJHrr:tr:f1 
5 ,__ 200 11 m, 1WHUt0 T B.Hlt:~.J'.I o. 01 "-' lO v m. :YLl]Ff~:'I~ :30 -- 80 % , .-}t~t~HU1<JxU!:fdt(1~ 
mJuJa~ 1frf11tm: d'Y1 o. 2 ,._, 29 tv / 10ocl:., 

[0003] !iJ t~,-fr:: t;-lLl _:trM 2 1J1 2:ff1J!:E£~'f:fli L:t'tN.i-ff tflf$'£fi1iih~1t,, i~Jfff:'l;{E:J::; 
M~~~MMm¥&-OOL~gnA~A#~~tt~~~~~-il~~R~f~R*~ 
0. 01 ~--- HJ 1ll1l 1'1~%:flH!)tfflJ.fi~Ji-jJ;JLJJr;;,tlHP!i¥, Jl}Ji*Hllfllf,fL.fj~;'.9.:tf f±l-THP:wilJir&I{tt~!~ 
iM '.& ,,t Jr-11trwn~· t'i~J t: ILWH1: nff f.t" 
[0004] Ji: fl.' -tr t·;f:!] Y.:i}d: 3 1+1 , ftcJj k),)ci/f {ff :1'.IJJft-HH 'Jl{E}dh {]Jfj~:R!lif+lff:t{UfrW 
(10 tHf! «~ .• ·1:}Hi J':l 7Y rn j-} m; mt, fr:: jg Jc fJH!i' , ",'iffij :$ ?Hit~t ?Hir- ::::: L l'1i8Hint~ t>H[t, v~ ~hl 
tHH;' l~ l'.1} Ji\'J tHft' Wt L :Kit tHft ' fl: filf¼ 1:Jc ¼ I]{] m 0-' i':;· fHf -tr;{{ f~t~ H nt f}li] :Jr"J/j tf J J-. Jlif ~tt 
[r,1rl~ Z3m (PVDF) rYJ t JU1~11111 h!Z ll':J J';, )l~ it, 
[0005] _l}/;r, (±: {i·;f:lj .:tri1R 1 rfl ·2;:ff ff- -Ni \!""{mrAfi m L!:itt{tR, Jt J}fif. ff J11li% 1t-:Y-®:W2 
ZJnHi-~:ttfA°FJLJ~· ti! :i¥Ut1 }ct1J{ff" i/{:tl;)J\;.:f.~ (:]~ mt.ili:Jnt§M· l\l "F (:j<Ji;fr·f{\:' 
[0006] L ~fi-!ITI1w15:tf ™:½1 LJ:~H:frA-Ut\foT ittM1 f&Ut, Ji:ff!tAffli rJ 1 , ;H'ff ~tr\1 H-.J:fi' i~l!k~ 
[0001J 2. rlu?lfu~1½ W:At11~l~ 1J~;;~ 1c.t:F. 1t1o·c xn 'tJJTJJnjh fi +AaJNi,fllt~'.i"ttfJ" 
[ ooos J :1. ttr· iitU hx l'lfJ @J H~ ;[R r:n it¥: W1 t, fl f¥ l)J v~rJ r-& J'r ti( !i;- , i:& r f( f:r:1, ~J f U ¥ fl J \· o 

[0009] ,1. {f ¥1Lli' J:.wt t1i1l~'kfrM··frffU, JH~hff Wt\llrifdlf:{tiHWJt±BJJiH!:" 
[0010] IIJil,fr:ftf:) .. Jljf( 
[0011] t?:flL\t1tt~ 
[0012J 'i:¥1J \c1w~ 1 :f 1 ~¥ t:·:lu1¾ :i90:11ss iJ 
[0013J 9-f'U).:M~ 2 :Lfi!µ:ff;·;2dff¾ 2007/097210 q 
[oo14J t:+ux,tt~ 3; 11-4,:int 2O10-2212rn 'i}z'}iK 
[0015] t-fti>Ci~K 4: H -**t-Jf 200G-25.,88H iJ-1:1fi 

~)l~~~ 

[0016] t:zr91 WlfMitft(rb f,1.~! 
[0011] f!Uk. t-:tlJ >C~I~ 1 rj:Jii:'.lff'fJf,{LMU'tJt/;-;1,CF, RT'Jft{rit~ttft:f-l'l(Fi.W"HdHL, P;-Jilt5l11 

rt :\ [-;\~- :i/11 , (E-1#! ff J·. r,¥, 1t~~ ft x':\ , lkl Jt, ff- tE t:E m :ii tl.: iU rs~ (t J i\ij /j!fil" ;(:E i1l n Jt~ (f_J hn L !H, }-:: .t 
½Ufl ~{tx;J!gl t¼ ff::, :ff ITJ':fr-(E:-f 1Jt-riJu ·(Jifri:2 %\J !&. ljfNJ 11:: 1'/0 ~iilf"ttf l1i] ~.ill,, 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 165 of 297

CN 104999746 ;\ 

[0018] 5} Jj,, N· flj x1M 2 r}JtcvtffJ:it.Ji!1tlYJt;N;:}l·F, it~-T li}cfJ'j:{fj{ti i:J}f~f¥:HN, {fJt J·_ 

Jf;f&l;JUJJ~, tflJ}t, r:iH~,lLlJfr:.tf/i1tHmDkJt:frr:ttH.liU~,, ffl.JiL 8 Yxt.1f{fff:Hif.i1J J:.Jl1HL Ii;] 
Jl:t. :j1j 1\1J·ft-+nJH!Z{[jcf/j :fo Li~E:filr&H~#\li'O JfJJ& '.,1;-fLHijfn}J;'}~{f {E!ZJl "F fl"1J ~ : itf :fr+l@if~ 

f9J~T:Jcf:/J:{jiffJ.fL r½. $.fLH!ltt<. lll] .1&}-:1 ,' 1
1 r111.1,t:fcf/j :{11 rw:ri Ji&-tH. Yoxt·,t:.1t{L. n'QHz"( ']tJE 

1t" lfrf JJ , {<:: (E t:m ·F (riJ ¥ii : • -mt j)W a , x f:;1· :{Ji" P- ff fJ;_j -fl l:j J'.: 1LWt P- ff fJ;_j -fl fU rt rlj:j Hf $1 k , }A Wt 
xi~ J· xi~ ti at ,i [:·-?ff:+ :l::'.J ~'] , [~] llt, m.i J} ·f' l'ri i& ;jt 11 ~: [~] fr .Tu~ 1~ HJ iiiJ ff im .'& , r\1{ §.fl , t- -fl H~l ((J /'l 
Hi. tiz H{,~:'.2. ft: 'hlt*1'N: r'f'.J :t,/TJEl: tJ:q_:ff fi :!J!. , 
[0019J tilLl X:i\§~~ 3 111 ii::.1f&:riJ>'/iflHtft.J'l/!rt5( F, T:ExYi {J:i1itf.~Hl4-ff~:1i: lTui J]; ff :t1lJl~.J:xt Ji~ 
!iI , .t {Uilt:MJJHii flt l'f~ ••••• Hl5 ;J IK A }d:/i ;{fN~ tt ;,H· n-nu r½ {/[5, lkl lit. :ti- {E-'j L if r,u t+ !lJ f PJ H] 0 51 
:,+, N-:r:E~11·F 1\u mfl : .t-fUlttt.· trnr:i<.1JF1L.1Yi.:WK,.Kt. vx:1:r 1-HUKH:xt ,1mrA v1 rn:Jtfr +Ftr ti.A~;:,~I;t 
£!) :.:r ~;.;J Jfft 1lh'r!12J , [t] Jlt, ;\:ff 1{fl{ {I:,~& IIl Ec ff.+: PU i(ij tf-fmd'li ,, 
[0020] Y11i', t·>tiJ SCtfik r}l 4 ic!i&1}(j i~Hlft i'{Jt/ft~, ·r, n={E:tl!! F fti] JjlJiI :Am LUffii:i;/irJXa}Y~);:t 
?Ji:~ ,J,JL{i>, L)Ji i)@/J <ti Iliff u * 0 Y1 y~, ¥ itilflfil s<:nM JZ: }r ;\tdm Lm jfA'::.{Cj ~'. )t' ~'fW{L)-:;: [HJ 
f1jJ fill O 3/j j~, ti? {T{f Wl Fi\~@ :J;JLJt ft] }ft·~~}cfh ftijfil;d},1~'.k'.itt8 ft lfiJli'ti Wi fr' [I;jJf~PllAflm"( 
tt,, 
[0021J rtut, rffi'Jf;@'tttfJtJt, +{t/0 +.ll·JL,:«m1:+w1-tt;f;;, H-1f 1:+'.JX'!"t, WrIJJ.t¼fµ'/tLt 
l& m )m T: -rt ft ff (:VJ¥ {Ultt{tf:if f* /{( Jt !'/JIJ jj/j: )f u~" 
[ 0022J tkl Jt. ¥ '/3:. 1v1 1:tJ [! i't11±:-T, 1fHJt - -H1 •_:t :;uittdJnn 1-¥Hr.. n 1t1u ifil fiit, NrJ& (f-:. ,fL.Jlfk:ft:t:. 
{4;_i~lt/HK}i~, +;,ft/''. 1+.-tl·JL .. :-& ill:f:OY.;W·t-t;tJ;, H {f,*:'fktt, liif JJ1~1t·rt1:z..1&ff;fmLYHKH" 
[0023J ftJ Tf~!l ;)u'11J /ili(J{JJ_z;f:fr~ 
[0024] fJ,Jll:t, ;i,:'{zf~j A.Y,JTi±i:ii1JJj£ fJ f.fUjltfr Tii'ff'l'Ai.lf 'f{,, tti 1){K:fYl :ili}tfl'. m- ·Axrnxth 
:fff lfW H ltiffi Hi'.J>fri tM 1-t: frU ¥ lUttit.11; it mrir , :r; 1Ul~:« mu1 r11 u1 . }d:J'111n1t 5H't 1u , t~ ~t 
H {L, i!V{ n: ':f.L&: ' f:7r: + .tl.t 1:tJH ' 5H'!· 1-str-m' ififrt:.f 1JJfJ {Mff tMr }dfi.:tfi tHtH }fj. ri<:1 $dill. t·. di 
IT~ i JL m~, ·nJ :NJ 1H1 ii lt ti tt w:, >Ft: * H -fL, :11 w :r nt tt i®;, J41r ,_t t,: tt:, ifo JU#, ft: ti: xi f& lf:-
1m T. 't"-t.·fh'J\~ rn it- -fl@%}f )lf ft, ½:J& T :4;: '.& i'ljj ., 

[0025] H[J' ¥it.. f:/]{~fl ·;f~•¥1Ull%:rt.lZ• j.{;. Jt{T:)ct/i {J:i1!if*:tJrl-ffJA~: j> • tEJJ:'.t1:h~ff,1':-
1UJiiI, lt 1!1 , 

[0026J r1r·i&¥-IU1ffiUlfirJHrt!UJ1H'U1)¥-t-1W&➔l. i?tttHLt{~ \v t\1JLH: 11 o. 01 ---- 1 o µ m, 

[0027] HiFi£1Jrn'ir:.,"hL:;J<)Hr'tJ¥1UJlf~&rnf1iJJL-tt:'FJ:ifft11lJ".rf:ltlililt1:'. Sa 'J-J o. 5 µm i_:;,·r, 

[002aJ J;,JLHtt1t.11:f;¢:f1t;.1Lur!'1%1Jg o. s --- 30 t>, 
[0029] ,,tJLH~:'ti:hlfi(tH(;:fit1%Ur:h 4. ON.i 15mm U t., 
[ 0030] Wr:i£ lit H,i:i'f4 ;fl: NI·:;;£¥ JUJt.1>f~ 0 8 ·T T 1£ Wi ,ffri~lj ;@; ?t %t mY ',~j_ 't. W- rnf if]}~' 

[0031] UL~w:ffeUN1\'J;~fi'. ) 
[ 0032 J 1:E;t :r L ,&1:t J} hUt.: r'l<:r JHl 11~1 ~0, mtJ:J!:i ~Ui ill[;~ wi m: c M~ :i't~ i+ ,~!r rxHJj1Jft, m· m1Hi!i· , lffi M, 
.g ''film masking tape No. 603(#2,3) '\ ~.Ii 24mm], Jn.Jlf{f.'. 3Omm,20Ogf f\fi'JitffD~-riFE:~Vi!D, 
1~JlE,7.·l1t11:itu&tJ1YJ, 50rnm/ %tttf11Jfljµ'15jfiHft11:tfJ· T tWJflJµ'Z ; 
[0033] ( J1:.f,•-,y:xf.t:-l1I'Nli'.t1)i Sa (fJiDlli: ) 
[0034] f~JH ~K .rn I )t ith'J:~ f1<Ht0 tidl~lutW [nj i:1· iWu J~ t:i'c VertScan2. o ( t¥ :i\ cf:Ht::ttft 
Sys tum tM:U!i:) ~~rnfr:«mJ Jf;;cf-~, NdM n:m T:titWUHiL/JL @1hEl><JiX l9:1J 250 P mx 188 µ m fr'11[ 

5 
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[ll' iYWXeffd'V{tl14'.}1hl = 50 fft- t~H:'I] = 0. !'i X Body' i'1if§?zfM~::Yc.; = \0Reh1y, ;)t;}\::i;i (WUV(c'. 

l(mgth filter) = 5'.:\0whi te, il~JEHU:t= WaH',t111.H/fJ~ ,J- = 640 X 48(L 

[0035] Nrkt)lf;>ffiJzfrnS:t[H1ilil£ Sa {k,i;ZE;:J::J 0. 4 Fm LJ F ,, 
[0036] Ni:1&:Jl;ft 'F:Y'J -<<lHWHitl'.Q S,01 {lt52\lJ:-J 0. 3 µ m PFF o 

(0037] }:'}r'iftf ;f::TJjr« ffl1*!H51Ui Sa 1:ltifo.70 0. 2 11 m tr1-· C 

[oo3BJ lWi:£it,'Uf H'JfrltJUiliJ1 o. 5 ,__ 20 1':'P ,. 
[0039] FYY-i£j~"U~£i~frr1Jt~:k;o. 5 -" 10 .f:b,. 
[0040J !WJ&JlFU.ft(r%HJt½.ti:1 o. 5 -•• 5 

[0041] iVri:£ i% 5-}·f~W~W.Jf'0I;J i% fr·f J&·5t 8 -._ 25 xKm;:'.%, 7J<#f M~l"R it't:)J 5 - .so m.W: 0 n, 

* o •··-· 10 zRi:°"<hf2.7J<iWtt{&ttmi1u ::io ---- 82 :m::ti:%f:t{Ji·hlfrWiH1.:., 
[0042] Nd£¥ 1Lmt~ ;t;Ut (j ~¼t~t;IEJ'.l.i:1t+1f H~' iR~1H'&filtt \JfE:&;~f'tt t]~' ?t2.W[ftillt•lEEicYtM H8' 
lkWtfl'ifij.Rt}~f:111~8 rf:i (:1<:J'i\ 1J.>- • .f111 " 

[ 0043 J .Ni· :1:f Jc fiJ -rff )~~ 14-, :l,i fl J; JW trt Ki: /tt Jc i/i .:fff, W-i ri:1 Hi; }.! fc th .:fli" , Tilz -tr!S 5} fc th .:fli" Y;; :W~ ifr; 
:hi~% kilt 11i, Wt 6%fik7R XJJ:j :fri 1'1~ t .Wl fd/i .f1:i ., 
[0044] Nrit"J;-JUJhHY:JF½W:!'l<.JTl)3f-JUfi. ( 1LITijt¥) 1JL~};; 30 ---, 80%,, 

[0045] PbJ.?1itWi'HJh1t }ff{[.ft-1Jt:i&):I JO "-· :500 i1 JJL 

[0046] F.if!f1'1iMhtr\Y.~-~£u11 Hf-if SfUl~V8:hrfi:(fJJf~;UUtft¥~faJ 5 $,{, r}, I~! : 

[Oo47J ( M;J£.hlc~:A;%;r) 
[0048] *'j-Lj f::1lMi- •t'f;ftffff f&(J<:!}lNH*(tJJf;)j}(l}t]~:~JfZJ ficmX JOcm fl~ ki~ K:ff tf, J0"fili 
J£ki't K:"/f Jf;({<Jifu lTw:f:i!nY.JrdSt al, b 1 J!t1h1iij~, rtJill.!¼. ~r~l ·li'f h 140 "C 11<.J{HiM.-t\W F½ t2 A.fW 
1£:ilh!fi, t/1.:'§_ :10 5Hrr.!d, rrx tL rri-J£:ilJlH.fi:, (1 tt?tt-1:fJi'i.'{t~tA.JiJ, xJp1f :U.U:rx K "lTJf:i 11t1ftll 

fj\JJHJltlftJ kftt a2, b2 ;iil:i'f~\11~ '.c, -ffHlF :A: il<l\J:Jfr;[}~;~:ft$., 
[0049] EB al, a2 )R IH ·HftK':~{ttf ( % ) = I a2 al • X 100 

[oosoJ l1UHJlJ.u:l::§ bLb2 

rt 11rJff;;tf{Jt{t¥" 
[0051] Wr:\f J;JLH~~tr:flR--W·f:Jc:li~JH fr/{ u~, 1:xit, tM f¥t(JH;)r:Rt : frlESIM ; 1l!;1fu~1n1~J:? fi(j 
w:i Hz ; vx t: ti fr:1 • -rn~ +r ,, 
[ 0052] fir·;££ ffj ~'Ii Jt ftltllfll $ JU% tfJ ti JR ii iJ.jill it 1h J:# Wi Jt 1-r . +r1 .f& ¥JU]~ fr1 M Htr rJfJ 

.f}~J;ii~ 1tl&/izzg1:fl > !':\I 1&7i::t/j i'ti r'tJ t4 .rn (:1<J JH l-1:" 

[ 0053] NrJ& J;, JUJHaf F Nf iU : ;j'{} ~lj Yr ;f m }& ~lr[ 01 ?'E1iH,$: f1" 'M-J:. Ji: J-f; n.\Uff~ :!fUFi , ¥r ,,,\ H~ ~I 
WJi12'. 1!1• l~ki, xJ}AJJHi:tJN ti/1J;c1:S·F:;K(fJA1i.11((:1<JH~:.e±1-f Tj¥::,. 
[ 0054J ?J:. rJJ r'J'.J 'X:tW! 
[oo55J 4;:1/tLtf] llJJ';~fUJi;ifr:tfH;Jt -~ H-H t t~wt~~ftr.10itJL.H~t, ttJJJ:t, *t.x:,1·t·OtH~, 11uu,t:l:~1t 
t!JJL\f-, -l~i'"'':.t.fffL. 't<WPF-)i'"tt if::i, iiJJ HVJ/G{LfiiHJ¥&+lr-T¥dtlt'l4} .. fRUL HP Hf{EA{T 
::;::l~t:$-0<:!tN;Jt T •. , ili ·riJ U.J 1z H'ft: 1t tf~ ,Jm.1tr, lfiJ1fr/t:, Ni! ft~ttcl\c:/Jt{Jc n:" JNJA\l 4,:t;:_ 91 ., wJ ~:tJIJ ftJ 
M t'lfJ Ji ildt. '.ii: Jct!, lLl :Ult Jl ff J: 3£ q;r,tt , mi rm -~\] Nt r/J ¥ fl®Lt~ H! i¥ ., -~11 J-JWlf ff!, i;Ll !'JfJ t: f L N4 >§: 

h! WA T Jffl" J: i£1~i' tt , lil lit, nJ U Jli ff""{ j* 11x Bl t}; Llx l\m W i'l0 Hi~ m~ lJ 5t rt£ lM, rg i!l!.JH fl 1[! 

'.f\£ i'rn l'lt PM tri, l'!x 't:: 11'1 (:j<J • • rm 5} " M Pn, iiJ ~J fl Y"il j/f f{. ·5} 1±.~ Hfi, WI ti 5} /@J" mt, ·'{ f.:¥ 5} rti JJ1, I!x't:: 
li'H)t • -m; 5} ::f.'~ -etrn ,, 
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[ oos6 J J'cl f:t: ifif if , "iiJ k), y U qt :tb\: HZ1.~: #i, [i:i~ 4?.:ti;)JtlM , :;~ iJIJJi1 i!fil l§ , Ye ;'H1.fJ i'.UJ..t~t ( ~~!-'\ 
;Ji-tfi, H1 n1-u,>J ,:ttv~1 tt1ftH:1f:fM:, '.>'~tzrvtAHi1;tm~-w) 0;., 1t11,, ·i'1J ~Jft::Y-J thJt rn JJt&, 
rt, )tl:\ Fl] !lM Hz' rti_ B& ~&:}ff~ Dx rg fo~ })_:z 1r&_ t]5[ M:: w rg ij;11 f&-}i HJiJ tJ l;J , lfi mlf- lti, t'J. -~ ' fo(; * ~h Rt iv: 1'1" 
f~, tfN1 :t-:ttl- , ilh ,~, !& 12U;r , w\'. ftL t@Mt;rJ:M-, t;JH!H'i f+-, f:m t:l@J11.Jf::Jkf¥ ,Hll-, 1}11}J-t:tJillJ&if~)i 
.m M H , 11N. ~ftrH 14 q1 r • m: :i~ ti(; JJ tiz :Hl+tU Jtj V 

m rE tJtafl 
[0051J rtl I JCM:i:ilift~_i t 111:Mf'Fr1t:t-fLJJtt&11tfrttr111,-+M1t&Himu\· (sEM tm;t·)" 
[0058] [112 J&HtUifili;,'~i 2 r[:imrJft:!'Jt?,{UJtt«tnHJtfth·TNtiti'.itrn~tH (SEM ~HJt)" 

#11Jf~~1nt 
[oos9J ;J * 111 M: ?;t 11j !'t) ct {Lf$t,tJ}l f.¥ill :ff Wtrn tili i;~2- l~IJ ., 

[oo6oJ [ H1w/4~1Jf11~%'1. J 
[0061] ¥U l:Jj fr) ¥fUl~tfi~fa(·ftrt1PJrtil lllitt¥l:fl;.j:[i)}rtil ¥fUWFF i':: [-t-1-J·Wri::liH.~;/WA11Jiffi*­

.1<-r: HiJ JtUt. W- [ill' :Wl r~s ,, 
[ 0062] Pb&tb: w :1t1J i'ffi '.{( !Kz ~11 Fit± U : fE .ot JUi~ &HJ¾ W (J<.1 $ 1Utf& lllf M IJ!b 24mm "ft!: .1rn11 .w: 
:it0-iJ.:/t!/Jilii.ift,JWnJrjji!i_·!'11ilftA?Z!rXm' [ g1rlrWiWtm No. 603 (:#251 J, rl!Ilff :iomm,200gf Nrm:i'f'.1 
iti:UB:17 I Jffr~.lr"i, {~flJ1"1.1tl1ht%~.trL l'..l 50mm_i 5-r 1M-1 r:1<1~i1J"{f.§:cr£t,tJ!fT T :'ti:¥~~\- o HP. NiJ&M~1;-t:H 
N :fll f'fh:f .t: -fl f!W l'J + ,ft -{E J-: i;f IJ; )jj :f1J NW::{(: !J;~ 1t 1 'N. l:f'._ !ii~ iliJ >f\l] }hi ffJ cf:!? t\f riJ Ii f'Eil Wi-f;- £iii it± ff 
f ,11PD,, 
[0063] 7111 L Nr:i£, * t2 f!rj fl')¥ ·fL{0L½1: Jlt w ~ ff )Vj-if ¥ f¾::H ,+:J, ;tn Nd£ ::t 1Ult1 u i>ft.5±: ll') Jl~ lhJ 
0&: it gtir!f. n tKill tT T ':tl ffi- It1 iA fiJ, ttl Jlt , JJ: H ,f lt;i: tt ;f-11 it n: tl0 '.~~! fL ;\1} -rt., H • -Ii lW , J+. :.ff :i£ 
:'Eclfl<:1[11]·/tt, /A rfli'Ji,ft'l''tf}l rf{" Wff JJ, Yir LJr i£filii&;;jff1J r&¥{LMt8<-Jl!i f}-:f r&:5-t. [J;]Jt, Jt:frYiT 
~~h%#~~~tt~~m~mA.m~~~tt~~m~%~d~~~**~~~-~Btl 

~~~~~~~m~tt~#~~w~~~~~rt*~~. 

[oo64J [ )·ctJ'i friB!iiitHl+ J 
[oo6sJ -*~'l r1J Fil t-fLf!tJ1k~ H; H-1ff T:E£r./f rtiAtU:lJll-1'10.fri 1> - • trri Li§". U(1ff .t- fLWlti11\1 
,(1J,, 

[oo66J JWifxf/1 {JiJkf::ts:H:r.+·nJU,tPt!.fJ~, furiT U, 1J rt:11!ll fi11i1c£:1~PJ t'tJ);)lf+t;tJr&fitJ t-.lZ" Nr 
~*&~UhW~~~~mM~M~mfi~hl¥mX~~.~±~~~~ill~7~&~~ 
hllf1t. tlLijJ ~J*bfil1/4tH! ,JAt1~, ;TQUJ-ntH±HfrnHUf1J., 
[0067] II} Pf X;J'fj/1·11.dckh 1]! lrti::t;tt .>H ?t ]J'tfifrl f.UzJ:I~, g lli if 1.tfi' ~fh'i11 f:Q)zl:I~, [Jfiti.b !l.tHJ!. 
( Jt_!; Ykll~ :\ll::JW.) . rh•ttltz rti.11:::fW., ty{}"t;+H;!LtJ~, ·1t"'1:t:tt1J:zi::fW., J](!i11.f:f !LtJ~, :J<. '.lti.~:fW., M!!zl: 
J-ffi, M&:Rb Hf , \\ 1tktJ-ffi, i~ 1), &:tr.iii iH 71 f!TI, frt'J:~ 1/~ ltffflJ :<ztrm_ 0r« llff::71: JJ" 

[oo68J YH1·. ili r:iJ ~JJ'd fr¥ t- Jjf:-:&:tfa-:zU\fi W11Jl ff· V Wiltm. 11r ~:.l::fiJJ!J X•i"Nr:l&M,; l¾:,Hll t\' 9c 
:x); .!Wl rt, '.¼il: ht 1g !z.t :£' , 1l} '{}t;-+ 1¥ !z.t :£' ' )~ '~'-:1 ,_2l Jg ' ffi) /lt :ffg , i£ ._tzt Jlf, ' (Wt ·ft :!zt JWo ' it 'J~ i& mt 1J-._f<l:;tf 

'¥Hf- -fr/1 :'ztJfll , r.UD , ;ill: tT!ilJ;t fr! If( Jt1J:71:Jfl"H1~r./f i;,(tq: , tfsHWJi :i:£)11; i4">tH4 1'<1 Ni :1rT~ PJ , L :i£ 
}:nt fflH J]{ttt,"t·f/~l[~jfLl1'1t11q1t!z.Uffi.tl:l tt, :zt f[fHYJ J:iiJ1BHt' ft: 7::1 i)rlf (iJ:t1r f{fHf(M' "nJ ttvu titU:i 
;~iU}/::[,[H:+tMitIIlt Japan 0n0rgy H: ( > -v 1 ', > :r:. ~r -::,:--ft) fM M, ,,. 
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[0069] Hr-H~J:ffrfriJ1&i$1H-lHf1A\lz-(9uyn;-J 10 ·- 500 µ m, r~(;!t,ifu:1/j JO"✓ :mo jJ m, iJi-i}f;:Qf 

:h lO ·- 200 1.1 m, :H±- ):VtJ.:£-f:.JUt:'½ 10 ~,, 100 11 n1o )ct{l1fH~1Ifl}t, JfiXU¼fl:, t_r)- • HillL !Wllit 
!ffFH, tf Wt j1:ttf:1-: pit{[,, 

[oo7oJ JA•1sll:ftf¥:-t'pfn ,J~!i:J:tl: 1/1},1A:l'.( 1H .'fx. Hi-if xtJ'] MI& f.¥¥JHl1!J ~tt-:r. tili rY! tH l;\'l:ft1Jt1 'h 
2 -,_. 250gim'\ !lit}tizk:Ai 2 -,_ 150gim\ 1l!t}Uzt:AI 2 -- JOOgim\ )ft• -g,"it{}U.'.:iJ:! 2 -, :30g/m'v 

[0011J .1-A M~ w~jlt /'1 tf'Jit 1( tt ff0 &~ A1: tH 12, 1W:Lt1201 :ttI 1t-tt.M:M rtJ\'.t:i tll wu tin/Jo. 05 ,._ 

o. 90g/cm;. 1Et.Li>t:1:J o. to "-- o. sog:cn/, :ill- ).lY1tt,ti!:/J o. 15 -- o. 70g/.cm:;" 

[oonJ JWibtJhfl:i -M~-f*lfM-fJ<JJ1FUft{}t:i1 i1 :w iH::L F, \t::i3tiit J::i 20 t'.t El 'F, j£- )b1;lti:t 
:r-J 10 tb tJ F" f\W!~iSiHJJ r:1:;;Jl, it'tf!?f f(J~fll~ %::N~\;!i-J;J o. 1 tb .!i.::fi, {ftfrJJr.i:BJi\ i-t¥;JtlrJ 1 , J:ti.O., 
:h\JGJ~"C/1.-flt-T- o. 1 tttf'.Jlitftti'll·,, 
[0073] JJ,Jft: ,~rNr1£:tiJJtfL+{~ H;+H:J. tll Uf 3£ jqLJhtt 1WJ fj~ Wfu ·rt !'iJ :~IQ /{1: Hl 1}J.., tJti&}{ Eli)£ 
tffl~4~UttOO~lliffi~%R~-ru~~@~~~~~~~~(@~lli~n),~~~ 
It!, }zl:Jffl, j~f ::ttl: f~ .. {~x~ Jffl, , \tt ft )l:J!fi, t~ 'irf& mt M .~ Jffl .. :"fi7Eii ,:f {;4' .'£t Jffi, 1t ,y: th Ju !Ii Jffi. , 7J( Ir~ HI 
ki Jj[ , ,Jdfl 71: f:'n , trJJt{l}J Wt fU :21: Jill "Jhtt /1 fr):#® :0:: :Etr , fr' 7J Uri£ fil ;~tf1~H½iVU , !'iJ l:?J 10~ ffi J:.j:£ 
~~~~ff~~~~-*~*®~~aj~filft~~%~,m~mru£M~~WMtt~+M. 
filft~~m~u~~~mki~~~B*~-
[0014] ( :fdh{fi ) 

[ oo 15 J Jc tii 1tI M: m-F Ji titf :~ : 1:1! H tw rn, J1J .. ui H *i; n:: j111 Tix r:+ tit f'i M l'/1 '.1ra11i tJ IDtt□ rr fcW t¥: 
~h~tt~ffiRN*M~~~~~~M.ili~MMm~*-ffi~£~~ajLlffi~~~.ffl~ 
)k , f:J'J Wi ;L , 1:l wu ,:t , 1l!-+ ~i1 H· iL tt;- • c );11 (i<J ii iL Ji( ;t,J :@ ,. 

[ 007 6] +i~ f&;tf}J :1'ff t1<.J ;t;; f:¾:,.j,;J.:j(.;j. [f,,J t~.nm t1<.J :fil1 ".J: t'IJ L1)t! 1M J& lX s& 11rr;J' FI 1V, tt ftltt 1·niUf. fl, .79 

JVrlLJctiJfo, ·riJ U:f1Jm itHHi"'~ M: ., w11ta1, !'iJ' t.JJHtJ H * v ILENE tt:1111; r~1t ~i1:i1;1:i}d:irfri c itt.i M,;g 
"FT<}30N "), r· iWwflJLlft\H: i/il)irrfl'J~WffiJ})c.f:J'j m ( ITT! M1•:t'i "06HOP 2 "," OGHOP 4 "," HOP l OH,,, 

"HOP-'.WH", "HOP-f:iOflCF'', "HOP-80H'·') tf 0 J}t;Vi,, HJ' UH~WJJ''ift;#uf'r£H:IM:U11'ttW:fN¾:kUJ.f1r 
( Ht J~ -'6 "05EP-50 "," 15EP-50 ") ti}., 

[0077] ff);;Jci;Jtff, f)l;)lt ( }il1&;¥JL@rn•:3tqmiH'J½±.}}I¥41t!ffJt}llli.1ft) > ( tJJJJx3d/j:{fiff'.HJl 

mrr ri:J :trr /( ) , H •,u IL 1~n L Ni .i£ 8~' Jdh :ftI , ~Jt N: :Jff '{# )11] 1;R 1M ,, ou± rt nj ~i :1:i1; ttJcJ/r •fri , w~ t\~fdh 
tli', l\{ ltUJ:& £ f/J ta-W. f!J HfnJ tJ,Y;;"t? 11'1 f'tJ ii1~ YA £Yi :fli , ~ Hl-:3::fh M ,, tfi: tUifnJ lJ.1-IJ .m m !'J l\{ 

twr{,;tf/Ji'ti, M'!Z £t11 ill' r11 t'f~ <i\d>- • l 1[1 " 

[0078] fJ iH, ff 7-J' - (;jQ:.iiJ1f fJH1~ Jd}Hff, ):~ ¥ .Alrh lWUiH~';\~HJijij ( w~ Z.Jr~ 'Wflfi'.ltti ) t,iJf&: 
fifLJcffi:fri, 1lt1i', 1J.~.l'.!iM·fW}ZJi::#htti ( WuroiJfifriNh / WU1i~~~MHJ\'i'r:/J&1JZ81),, J:s·½b~}d;jj;{jj{f 

$ l•P . ;& .:;f,:.: tr?- flft 1:fr. 111 it i:Ott" 
[ 0019 J fB T {1! Hj Hi: 1£ f.l:Y x f/i :fW 1t .JJ Wr i& 76 iJJ 1tr M; f* i,Jl+, 1:1:;1 lit, Jl :ff ~ri F 1Jt l~ : ;lffi H ;f;U 
m~IB~~EM~$~~~M«~~~MU~M.~~~~~~#~BM~ftill~ill~~ 
t} " Y1 Y~ , J4 n l~ tt tt f11 ft n r:1g t'. 1L t# -ri:, 1} • -)Jt111, Ji tf :it t'1 tru l1 u -rt, ~A:I Jlt, wJ ~:.i. ftf ;:;1J tf½ Mi 
tlk {le tt (l~ }ttf~" 
[ ooao J [ :f. .fUl% J 
[ooa1J ,Ph£:t{LJit4rY0~tJXJi£'1}0Vw1 rt! ritiYtf i&5}-riJJi£" f'fc,hWh.£ rifi 5} f r&5}. HJX Hf kl 
}f; r-&FID& :t IUitL Mt iQ {f *r J3iJ [lthi'.. 'iiJ n wrn11 :ttrnxJR ;£ :1H'Ul% !'Jt :j-.,Hl h[ ~1

[-1 .i=!!:1-:T· J.;_}df" 1-t: :'./;; .Ni· 
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i& ittfr·f htft . ·t;:r y,j ~ f91J tn : ~~r t~dEJltJtH>B Hm , ~HYtfr!,JifilEJl&J'it:\\JJllil , t~ M!Tif<l.~1H?1' H~ , I1tlli'r~½= 
1ll~Jl?,7t txJ-Hfil, ff~ ii~t ~\11 m:i Y~t4 .rm , WUP~ ~lt:1tM Ha , if! J~ +it }\-H%:i/#=t1J mB, ~ ·f1} !xJtl@Jt ~;;i:-JtM rm , 
~inHk*tltfj\§, w~ }'.~ Jj: 1:gwf~ 1~ f-11m , ;~;? ]1· ll;f fl'1~ ;_'.( M Jm , ~tL!it Jt: [~ UN1(1ttxf Ji\§, {i {iN ~ f-1 H~ , ff 
?:it JK ?~ M .mfr , i"S t~1 lfi ~ J:>1 Jlfg ?$1~ H 1$ <• it Jf~ i'&i" 1r} f !& ;-)- ti.r U Jj:I_ tJt ,(;~ HJ , !& M t'11 L:L L iii {; nr 
.m, y~ 1t)·, J:iB:t4·rJri(frJUl41J ( J!{t~ Wt.fr{;¥, tiK&JtI¼'l)J, Jc%tJ:l~ iitm ~y) r:iJ tJl('-1~I-fif.f+j.wl;tfl 
1tft.m" .vl· -j,·, t±~,tif 1:'JH~fl] :ttr1wt{~~Tof L ftH J·.if ft{Jj~((J'¥?W~ ( !t2ittmtr1) (/1 1ff ft'.fi1,, fµ 

~~***~~~~~.m~~*"~~W±~L*~*M~~*~il*~~~~m~* 
,rnt,wnL1r,,, 
[0082] 1{ r11 , 11::f;Hrif i~]; 5}-J·J&·fr(:J<:JtJt:izt~WIJ' riJ:Vr.!~J'l tfiffit:fl~]'t, 1fiH:PJ1W1M~, rc11qiftf}G 
-n- n u 1

~ rn1: mt®\: \JfrJ& JttM .1m vx: ?Vf ®\: \JfrJ& JttM tti :J:1 :t IJJf r:& 1J-ff1 tt2 HH ,, i~ mrnr~l 1w Jl?c:'.1!-ttnit Jffl 
'NK"riJ t.(-f;tn·r tLl:Ul.t :fiJJ!J Hru:!it ::::,t~t!Iff fll •••~.)1~ t~tlWim fi~ I:zr-,:r, 1!X {.~)tt::::: jtf fH~( fttz1;f;11 :E:&fJ'.JJi 
ht !2'+)~ft' {~t Jfi. iH:1:rnt 111'.RtJt ,; ~{t!1il>W:WiJ:J:MtJm ·rir [Jjfil.ii-Wu 1,r1;flj}fj !!ll i~Y/f;.v& :B<-NL~fk.r& 
+r r:i<1 &hiN fu w~ nt8't i~1, xJ JU£ -iu ill: fi' wt;1ri:& -ruuftrJ.it ~ tE rt1 wallftiJEf:& :.7:2 M nti +1~ i&: :r TL 
ijytJf.l'tWi5c-F, .ltt1"YtltilrntitnJ, if'f liW't'.L1L'it, f);) lit. k. t ('.f Ycfr tW.mt!PirWrr11~f1' f.l{Jf,h~:t{Ul½ 
~*ff~~~~<~~~®~,~~~~~~~>- ~~m~~*+~*~~~~~~~ 
'flill' i'iJ";fiLl }'if ~;J IWtffi'f!litW.E:t,;:: Mtfm' 1i.¼"liir#~1J~f;t Hi78 JAffiX:7tt1Mz!H1t 0 

[0083] fr,:~\,:j:lf Hfii!;:J .f&: tl_A fT:1Mtl~-r!~tYJ:t:11./w, lli2 1!JlffJ~ !!4_%'(L:1~1 (PTFE) :~¥fU],~!, Jt ·tf/; 
'ff t), j'i1].:t+Jiliftrfl 0 

[0084] N1·l£ f .. fLfJtHi-tJL;C)f,(9"1JYJt>\I J. -·" 1 oo l! m .. _iJltJt±'&; ·'f, 1 ··- rso um, tt~{Jti;t};J 1 20 i., m. 

;(tt- ·;J; !ILfJlm:'J::1 I --- 10 1-, m,. ftff!t:l:tN!-tH, .4! PJf.fftAE.tilii/Jr):lk, )!i· ·Htm. fEPlN£i11¥-nJ, #{E 

m ''t ttJEff r:1(11Yu r@,, 

[0085] l}r-.i:f J;1tnti-A%-A {Tit)illltfl"{J + i'-1ti&{L. (%tt~1Lfr~:YHJ1L{i~ ( = U4r"J-m;(1t T i:J{L 
Fi') ;/c,;J 0. 01 ------ 10 µ m, !E:f:!ti)];:J:J 0. 05 -- .. 5 1-i m, i!t· -WiJUm,:;/;_:1 0. l ·- 2 µ. rri., :;p-:J.'.ffL1I'·{L!3Ji 

~'t'.i: ifjj 1} n;J, -!:E ::@ tJ, ftr }ilj ir~ tr:. ffi it Ml f:\lr Jt;:J tr. fl~ i),:} * 1T ili.i', ~;1 {L *J' }'!: :'!I± ' !§1) :t.m f( ·,j H 11 \HJ. /,f [jJ 

11 1~iIT /\ -!"I: ilf fff, ti /11 Ht 11t Pzf tl , ~111 ~fl.~ fl: liif ·fK , ~ t~'!"rt:lAIWi 1!.~ ft liif ·ftst tg;, :(:E F~ J j:i k FH. 
if!JiJU~ttt1ttF$1t:t, %t11li itHI'" tf~, J/1 IJJ(;J&1Wki1l] ffJ 1]lt:il;" 
[0086] Nrit i.qU]f}f r1~ HiHffTJ1J;Jf{Li$~ ( ·tU1t¥ ) -f!J1j -~11:Y::.1 :30 "" 80 '\~, tJUitJ-J ,JO -~ 80 ~>'ii, 

Ht -J>tlt;Dt 1.'1 15 --- 80 % " {E JL lliJ{tlI{E Ljf {r;[ mi )'~[l;f, At tJt@J1Jii~1)r:HJ :!Lf rY1 /Wt~ in li~::i!JL4'-'i' 
tt, -fl lt½t $ iJ f[;(; ftJ, tf WJ- .LN "Z f1t P4' 1rl, n1t f1 rti, '?it f~ fr iWi, li!Z fa 1111 ft~·~µ$ it\ , .Ux Hi ,~ f, F{ ift, .Ux 

1;~~ {1~ +t ~if fl(' rm 111! J~ ft J)] im +t. tJ t4 ' ill T ~g 1!} J1J J)r WJ w (y'.J :'2J~ W: ' :JL 1:tt ¥ H lf rH . ff "i-iJ fit 1ilU~~ 
tXlfri'-1:1!rtt.:liJ." 
[0087] Wr:i£1-HUJi\.UUil:f1'1¢Jff-fUr?{ C R[illff.fUf) WH:trn:k; 4W>c; lJJ: ( Wtltll1 48 ,..., 80%). _:f:: 
tlti\ :;t;; 60 --- so % ii. ti " :$Lt1lf ff JUlH1-f tUH, p: ·l". mtl tt &t T ft ·:B- frj t# N, , Jtjj,, HD ft ,(E ,,;! JL 
rt1 Jti:fo :rJ1 f1gt\:;H·:Wl·, :ff r1-t ill :1~rie:ff. frJfu tZJ'.'.f: Jt; J)J ftf;, /1:& mf JF-{L$ U: Mi u,t, ~iil!Jt, ,1ut:Jff-/'11¥ 
MfW·f[£,, 
[0088] Nr·&¥1Utt«W.H1~1<:imt:rH:@f1i ( l\ti~ f-X·J:RilifrtUillUfl' Sn) )9 (l 5 1l m 1,j, 'F, ,tlf;jztjg 

0. 4 P- mt), f, !l!{t:bih 0. '.3 11 m U f, jJ.t-- '*tic±& h] 0. :2 11 m L~, ·r: (, t-UIDtMiliJ-\ii:LkJIJ, HfJ;J 
'FWJ-rt'i%:9-::, A.:U:iJ.f{:V1j iznWifflH' '.# &iVli-f-1' 1'(}N, /}.1fff v~mi i} 'k:L fV :Jiii2UttiK(f1JfJfit.o ]5 t;f,, 
~u«u~~M~(~M~)~-~++~M~~~tt.H~H~M~$~fil-~il~~~ 

9 
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;1}:ffn: l@)t" WHZ i}l'~~Jr:l<J JJL ~t< ilff'fritifUJt ( JV: * ''l" :.lJJ$Ci11WHitISt Sa) ·t1JTJji!i51:f 1JnJ f,~ JU Yt 
T·;tt /L:r:tt 'll,HU~rtut"tf:illi it iii] ii~ fk i~lll '.it"tf:illiJf~tJ(, Mei ·T /f{ 001 !11J ic t=x; ()~1iit:~};: dl , 
[0089] Nil£ t-fUl!lE.f-'J-fit7i::fh {tilHt4J-flf1'J :i\~J,:-----· tm LtF r&HP ·nr, tl? "riJ ~;,{E7JT[fil'}f;Jj)( , 

[ 0090] "nT tJ, x,i'.J-ifr:1£ 1-HI.J{!it '4.; Jjfil][i\; f lhH Ri M, }1 l'f'J :~ .11\ 0 Jt-i}J w~ . xt¥ :fLHtttlL; it \mu·, 1t-t ¼ 
M1·tf, :(:E ¥-fL.f1tt&&J!Jf¥fJt J;,Mi;f:UJtJ }Jjtrti, {E 1Jf#iilJ, rif1,i~,Zf_r.):t1M1 fi(J1#,X·l;;, -(Ei1T tJ,:lfil i½~Ai~ 
fUJJAIJ t~, ¥1tHK, ~Wfi#, '1t2/rti 1fr-F f;~ fM ,·St/illii}Jl :ff ,flj ~tJ ., fl 111/tltT,imJfij rW1-r'+:f(J ¼:fgi_. ·tiJYIJ ~lfili:t 
;t.~1:, 1~ 1r tt, nJ ¼!, YU& , ft!,+ m, iW RJ-i:~ 11'4t'JJ~ :zl::J~ ;J•!' ct fU!R B. Wl nW~ Mi -J'!bi;i" 5tf 0t it'.¾c: ,~ 
ft0Jr, 
[ 0091 J JVri:£ % JLHffbT tL tt-1 rfiiNti 1W1 tt ~s:i· '.5i'-T·t!JAI " .iJ>r+ fr~ @Hl@Hk fI it WIJ 1111{r .•:& lU~% rfJ "ft 

lftf Tiit 1*1 N5 Wr&IHL :tz im ff~ lix iliN ftj M, ·rt f/J t1tWt, rl: ~J; tt~ ;NJl H iliN ftj rJi1 lt ffJ Jl: HH¥" /ult , fiJ1· W1 
Firg, riJ futr:ft 'Jg·f1!l~J .r&JPlff fl~ :t-fLYtfJ~i,t{0f.lf HB;'r:tfM~, gJ}ll(, lJxtff, ½\ill:!¥, fl. ·~·ftf-J .tJLYt:Hf~ 
r:1{gJ1 t~ rwdr~ tYJtm Jw Hff ;,>\11 ri<:i ro 1W1 , ttHW q; JUfr & JJ 1$: tJM-!'1iJ +1~ 1&J4 rn tYrM1 1::: :r IHJii'tFF 1:u :l.; 
fit--fftt1fii U-::, ffJ.ft½J3A:t+(fb~ i1Mt0J4WW1J' }ifl1U7t> : :. tfllrr :-Jr.ta~, (IJMSO) 'N, N·-- : qJ }Pfl\%tR?X 
(DMF) ,N, N·· ~iflJ!jL~\tfl't (TJMAc) ,N·· 91At···2···!ir.tt~t'.t)E~llij (NMP) ,2-··PttntJ;i~r,~,:q:c::,~i/~,p;;ffff;l, 
L t\3l rp t~i';i , L rn3t L t~l1, Jl ijli L rfH , L Htf, : :ff( rep ·.r[, ll fh, VW it L :tl, UM '.tt r1:J,:n1t (THF) ·:?Ht\.t& ft: 
w1m ; #t ·:rt ,ft 11~ , It1 :rt ,ft :iJtJ , 1111:1 ,rt t1~ , nm: iti 1111 , i~ 11~ 1JP :ti* tn ;1;1; ; ===:. L .i; Ht s1 H:& ::;1~ ; ;w.~rfN 
tt 't,'fljt;f tr] 7J;. #Hf}UA~ N .tf U\iHt1Hffi~,uum:'. Jil {t ~ > MUrl > .iifn irrt,t}c .t./L 11:il ; m ilf!Hf (jfj > }JL: !:p 

M 1ir A ff (iefi: mt trJ f f{JL M 1ll If~ 7.ki# ~{[mt tf :{:!l i#-ffU}1; mt 'l"t;W ~BL ; .& 't ff J [ifJ ;\E {;- 1/VJ11; a 

[ 0092] N1·l£ iH ts' M, ft 1Wi" :½-+·ft {H??Fi]" tJJ?), H xsj· ,Jm t& ')-!jjf; ffiJ 'Ii1t£' M~ /J}J: ts· M, t'fj ffl: Yf: :ml)t' "riJ 

y·utf{li~Wl ::JJtm;),!iHl.fHB, -•••: qcJ )f;/}tfq}iffi, fR.1~MHiil, ::::'.{ctt?Jlij'fi~Wrn, ~tJt:Hmft-1-2:f.i'.t tm, )JtJ1: 
r~1J i~ 4:: -l'A'if mt, mi 1~ 4Hzt ri1 , :::J~ :ft0. txt rm , r1K rir•}J JHlt nm , + ·ct,; .3/11 Jfl ~}1 . Jf t~tJ.t t~ Jm , iiJ: .t;,.t Jm , JJ1 t( 

ijffi :Y:HJJ rm, ;~ f3tifPJ'.(}~ fM Hl§ ;,r ?'.l~ [Hi[ ft tt .faj" iWH~ )~; r-M f U'.t !M nt : ~? L flii !f:!: , L m,jHfi; :l' 4tNJ 
ta, f.i{Ff 1lfi}J-it4ta, ~IKtiJ!Ja, Hi : rcp iW}ktB-J1a, -11 it.:l~u}f-itBmi, t8tntty]!1, L#t --- z.:t~\~&\Jl~JK 
4m .. ':kt :r:~, ,1cw:irnt;r;t¾:1f1~+tt4.il~~'r" 13:112 ;ttjl.-,tf ftf:r:1,zrnT ttf1'.m - • 141 , rctt1rifffi1 tJ, L~lt-it 
trrn " y; :>'~ , ;w; fr-+ f.tft tm ·i:iJ ~:J,Ai Jt 1i ctM , ili ·nr n YAid.z iw <r 1M" 
[0093] r:tl ;(l!I t Pfrif (](J mH f0 Mi ft Mi 5} T tY, 1M ffJ J:. {LJitt }iJ ,1& WJ ;ct fLfi¼'.il)Z w H[l HE tr:: Jj t~ 
~.mt~ /l r& ;11J, ·Wlii, !ffi: tf f!j id: Hi fri!k f(J Hl 15t "F , iJ.~ Ic .:E + oft?~'*: xt JLM&~ rt fiW., ~ lt flt( ff!Y }Jf_JT; tq:}c[ 

M,~m~~~M~~~M~m □ ~~m~&ff~~~wN.,~~,«%R~~E~~M~ 

WJ #1 !YJ JTj :tf I j l ' R Wf !1fr\: :r, !:E f~ nJ !'ii] ~\i ;r~ f:: i~ ;'f1i l's~ PO([ (1(; iloi t0 r\{ -t't mp i'iT 0 

[0094] Wfi:~·iStrl.fj f(J )&, f\lr i£1HiRJi'ii1 ltM.i-5}-f-·ft &411}:i~ W1Jr1,j'J4 ff rfi]H.f~tt::, !gjj[:, J:Ji.iif;:JL 
.ritU1 H} HrJ:trfiH t:ti ii, -tt lf:5Ff' 1t{;-!}JJ XJ Jt Jt± ff 2!. iiz ijlt,n tt, HM tt~ M: f,4':f[~ l'{J l'iJ ~t tt ;J-, ,, 

[ 0095] IC l~, {r :{1J hl.i: fiff 1£ .t fLMt t!".J 1fri ft 1l 1 ±~ "fo Jh im ·h't H ft 0 fl >h .f.ifr :i& 1;J1 ~e flJJ fl , ·11s YU if,; 
ff1! f,t]J : tt~ft 1*r}U~~-+, ,[i;:-rfli i~:!i'. Wi't: + ( '@,Jt ft Nit{ ft4'~~ t~tf1t. + ti tr Atr~ t{fJ t~tf1t. + > , lw ll{ , ~½'1tl½ 

[ oo96J Ndt J)1 fyt·Jt,H-tl 1:1-<J±i Jt: * n, tr1r tfr )11J rlf :tt, -t1u!t .iiliH t_-~ \1Y~t1( t.1t T '~ 1tkit 1'.rt-Fr w1 

½'-llf[YJt;rfrffJ:}!j;ff.,, )A rfii'XJ tfLM~;t;.:i~J1-fl fr'.J ,,,-;! fL!\tr-ttrr.1 tm ~J(Jlt:ff 1L1l1/il_i, tfif Jl"riT t),lf,1:i8i W; T· 
irttl ~ J:fJ ~tft Hll-1'/11~ Jr, M/1'1 :ZtJW +t, 1)¼ 'fl tt ., 1~ Jn J}J ~t fLHll-1't1 'tlt ;5c. F . t- -fLH~ it11& 1LH 1 J, 
n,t , xtt ~A J:;(J; :ff:. JJJ ~~,n.+J :fl-, :"J $ {l@,1 ffJ t~~ fL ii)( n.J , xt EJ, *l J]j ntlt H ,fl-!lJ ft{ ft J'{i mu {{ \]}'. 1~Y: * 
f,\t-f "--1& :'~·(!fl. {;Y,, rJ~j JJ:t, 1/&-fUfJ T· t½ JL-1§tlf;3j} 1:E J~j£ ttx fti. ;:!u ml !9 , mtR tlli" []fJ Jflk f L {tf:JC, :tk; :Y:1 

lO 
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15 JJm iJ-F,, 
[0097] [ x&:H-:f!i"M~f¥¥tlH!l JHlH~tJUf:11-fr] 
[ 0098] }ANiM~ £}/j:fr:i lHUJJ,j. Jj }!fr~ t JLHtf:2. ftij t'J{J ;&;ft ft H·~ w~ };\\ ti\ fl_, f'f:o 7'J .ftJ .r&Hfi£ 7C 
f,J'I:ffiJkfi¥JM-ff!/\1rif JHlJli}1(:]<H& 7}, f)Ci1frl. {:;-f_f JO 'nJizr'f !s!!i.l:f-(j(J ~&.:(:;--r':I: ( A1H!Yt) l'JtH Ho 
--A -ft Wfj -&f' Nr if J; -fL ,t!ii .~ 1J Ji~ fl 1~ r+t If. Et}::: P.J Jj~ ' Wt 1:~;t rt&: fit 1lE fly :}:Q :t~J mt' w~ ffi:f t% ill~ mt 4:tM 
Ni-, ';ft 1m ~;'.\ Z3ti1 (PTFE) J:t~ JUJtD: ~trn~i'f~)t +lf rm rfl ({iJ 5~ j> - -fr!1 ' /t}f .Jt Jdli .:{jj 11tf:t:;j;.J:t4 tltiili 
f't:HJ r.it;lt:G:::t:ffj fa' {fk,t:ixM tji'' Wit$\:.[7.<7CfJJ {ji''r>}, 'VCi!f!'f 1Tm ['~ 'tif:J1'r-:1#I}ji(.3i:f./j 'tff' xtDI 
xr/1-:f1i 1l 1rt~1:id>- -M1, 

[0099] J15'~, JW:i&:tlL%1i%{ttf.i&U l'Rl'.t\\:\ltBiJ~ RtHtii, W:tti\Jit~t•lEJl'i.z}J.f(;j-JJlil, J1tt~~rnt1lE:Wi?! 
M JlB}kl1R1tit¥,Q}~-tiJ Hlli r11 ffJ?i:\'J.>- -..f,f1, Nd:££f;h 1fI t;f¥H t4{1Ult1±H1 fr1Jn1:J:if:'.J:f/J Yff-, Vf ~1Tu}: 
i:tt 1'rr:¥J, _-9! 1ti21fr1r:l4 rt1 iz: 1LtiWH(£fh;ttr, .trnxtJJ·.:fw rt1 t1)5i'.l->- -Mj ,-
[O1O0J Y11i', f1fi:t:t:ru1~Uf ff i_\ f'J ~!it!~~: iWRi~:1:MtHl.i, Wc;:~-tl:Hi;~:t ;]l'.ij:$~x-txtm~, 1¥:ffiH:ft,wB:tr~ 
+4 Im.& WHt~fM.4t H ,fl~ fjl (:fJ if j> ----• frp, f1r ,i:f X W M Itr f* t.l141}Uft f't: JU 1WJlid!:Ud:JJ' 1li" , -;:W, Wri Jc 
~~~-ill-W~~tr~~~~~~@£~~~~¥~-#" 
[0101] Nr:i&&Jtfltl<tHJ3EJ;-'1H~R(J'IW6l'F, A ;¾iHfli('T·PJf·j£¥.fLMtmf¥Wtltn 'J;J 80 ,-., 

.too m: i: 9;;, OUt(:18 90 --- 100 mJJ: % , if-fJt½.tt1 % , __ .too 1ft ~:co" 
[ 0102] H'i-.i:ts :k:fin :f1H~ii f,t.'.;Mll{df Jjf Ht rm lWQ ff-Ml (II] WH5{ 'F , Jt- -f,;- :iHfJ itl'TJWJ::£:fd}f rtsJl 
f*-H *+i'i i* Wu tin :'A1 60 --- 1 oo 1JU~: ~;:; , -tlt3:& 11 Ho ••• 1 oo :m: .@: s--t , r£ -titJ:& 11 90 ·,. 1 oo :m: .@: % ,. 

[0103] [: tlU11iH}lX!-U; l 
[ 01 04 J ::f;: Ji:: l,JJ fr~¥ JUJ!,'.l ,~)A-I* H H Nrl:li3d/i fii' J1Hii Hl4 ffl )Wi:£ t JUJR U fLif li<H.f11:dt 
Jlfr T- -f4:fU(Jt~f1J, IVY U., A HhUtSffJt.1Lf:1i!J§.i'.~L tfiJJ}t, JA:tCfHU1%:'0:lit-ft,fY1,8.Jl/~IYutri 
ff~ -f- l 00 JJ m L {it~ 11# tl0 Ni 15[, -F , {lj-ii} tJ, 12 ff ft~ 5} fl"J J;t)'tf_ it -A~ ii'ii tf .IL tf:flj fj<j " 

[0105] :;to:?.t [ij'j t'YJ ¥-{Ui,{JUi! f4; f'/J1:itilli-ffJ;;§ ;:-;J EH :t~Jl.MLH ~W-if:)cfh 1fI MiW-:J';t*:+ l'/J- -oom: 
Jmllil:U±F'8m:, JLJl~.Jl#ii.ifilt-t(i-1:J t>i'"r~HL, llriWHUI¢J 'fHo-fLH:J;; o. o 1 "" rn 11 m (i-1:JJttr 
t{LH%ri~ t-fUii1b-<'&:J!iH¥., ii{J;fLffff11P¥tif:1 l --,~ 1 oo Pm, JLff!Jt¥iJ ;io -- 80%, xth;f111rw 

-H -H t1·\!-t{!f J;; 1 o -._ ::iOO µ rn o tr1tJfr31rn<J@HlMHt: h! it 'fiJ k),:@ :U:JJ VJ1& :f.:-ftlllt& Ji it lH'l­
(fJM H mt .1¥ rtr , iM JJ1i 1¥< f!!·- ;y: j£ fr :lill ' 1:i l!i }E'. J~ lt~ 5ili " 
[0106] flr·3&:tR!Jifi1:FH*1'1).Lt~u[~(J{iL1'1 0. 5 ,. __ • 30 f'b, tlci4);; 0. 5 -- 20 t,t1;1t:®:J1 
o. s ~-- to t!;,:ill:- ·tVtf{!t31.G1J o. s --- i:i ;f'.),_ &1·T:itt"Ut£i:1J-J£111HH, llUL nJT~{¥:l1'ttiWil't1 
~~tl.$R~~m~~Wfflf~~~~~~u~g,~~ffl~~Wff~~~~,~~~~ 

fj{JJ&, (G {LH·}!:itn: ftr'tJJ!f 1(tft:r'tJ{fit1J t}, ,{t~Jfi ,h; f1J_i\;~ 1(f:/j[ifilU'.tl!1X B Jtf' kJ JTS P8l l 7 :ht~ 
1{f , Hj :9~ Mi (}1j ic tit (r~ }TY}j1HJ i~U 'iE , 
[0107] JJi·:i£ :t~fLH~f'tflI14:li{JJt-fttt'.J}trn'.:J;i ,L 0N/15mm ~;,l L, -fA',it:J;i 5. ON. -U5rnm L;:J t, -i,t tJti&~ 
:'h 6. 0N,/JSmm tJJ~. Jfr )l;tf(3it);_J 8. 0N/t5rmfl tJJ·_ ,, r:t1-Tt>tW~iUJt/-:_i -;(t:([H:U~, Ill 1H:, 'fiT 
U, {~H~' ¥ 1Ult1:il}l~ i;f;; (:1{J'£\tii :fnJJt YL Ji ft:-Ktff " l7i'l1lf Ut rJJ fJtM:, .t 1L Mtii: .fil· 1¥ ffj tHti ~~1tff 
-~1:r tJH2 .m /ir1tti1r!1 W\)~;;z;VL, m ?:ttA'fiWtl ·(c,WJ1 h1LiH:fJ-tl~tl JE_ ,, 
[01osJ F:i&1\i11'fili.1JX a '0{%'t rt1 ·.t·fLflttJiPlH~r'fJJfJtKJt'f t--*Wtl Wl 'h 5 % L), r}~, -f:Jcti :'J'J 4 % tJ,, 

1J~ , ·!t::f:Jtjtd:;i :3 % l;l, IJ;J " Jf;~!J?~1t¥ :J9 J:j£ 1u}H 1J~ nJ, HP 1~-f:E 1¼1/iff ts f;ii:j\f'ff :i;J('., 1.:: % ij I :J] rt!. 
Hzr)iJ}\it\.ff, Jti}[ "i/<3;, fi:Jdt 1\JlitLl!~ 1}\~-. :f.:ftgift)il w-iJJ lj,Jfl-T ~t :'.'fu}lj IiX tt!W}fil[{Jlr(~.f& ~y: ,, 

u 
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[ 0109 J ( i'~{ ;:IJI. i& H. 4?¼1 ) 
[ o 1 10 J ~,ti: i:J f:;.fL/itr • i::t; ft li'tlf.& (ltf &}Uk-/¥ (fJ Jb ~kl.!tJ ~ :½J t<J 5 cm x Hkm fk~ )3i K /i /L-, xJNr 
i&)(¥5l K:7'.i Jf;fn ifu11rfJ]]]:t!1l'J{J Krf al, bl :il±:ff ilTTU'i.i:, rtJ UlJ'.[UIJ~ h 1 ,11rc rf'.J1H:1lfil.IWil~J N )"­
f!i"i:Lilh! f$, .Ox '8: :30 :;,}{:~ JEi, lRIH fJfj:£,n:}Zj.$", (j xt;;{> t;iJjL~riliAfri, X{PJfl£J:.Jit:fiH~fj-(Ji1,~ 
_ffii,:JfiJlfI0Kttr :J.2, b2 i&:frf~~~E, WYfffj:£Jtilffflf0IKjtft¥Q 
[Oi 11] 1B aL a2 ~':K /lUritr~:ff.Ut ( % ) = 1 a2 al • X 100 

[0112] l'1Ul:Pili.!B b L b2 jJtH: Jt~IRJtH:J:f,~ ( % ) , :(fJ-.tk ½\t:NHYJ "Fl~JfI1it)\r-* i*:dlill.JJ~{a?:l{Th~ rj:l 
tl~J }lAX ;,t f V¥ G 

[0113] ¥'.ff 11Jj ffJ};{L~~tttnf i¥{LJ1if¥¥J-flfr'0!ti_:'J> • m1J:.:tl:J!l~ J;{LJM l1P I:!], ·ti; 1:if t:ltE)kft 
¥JHtY:Ji:9HiiLl~ Jt ff 1HlWt" YH/,, ·11J l:A {Uifr lt t-fUJ%JJUt tf Jhf1kttH 14. :(:[Jtfr * .rft-t-~lW/f 
fl'.J tW ;5[ F, hJ l\l }n ft; .:t{J H Lilt 1:.; F~J fr[i -.Ji tf'~ J;J ~En-: H 44 ., 
[ 0114 J * '.At 1JJ ~19 * :ruwLtt:n} i*:vn.u .to&ru n1 Writ :z. JUJJ rt H tv1 ·t fL 1~t , 1ttf1J ru J)J t?g++ M 
ll- XB· P"i 3:£ J:-fL fl$~ fi(J '.~;:: fL itt tT r~ fot ft, ·riJ ~J, fr ;~ .ii: iJt -lm-, 5} Tf~ .ll~ , 1% t!z, wt ft :'J;; '8 ifl fi'~ • -IW 5t 
if ffi 0 

[ 011 s J Jl± 1m, Y--:1 r x•J :¥ iJ:.. n.q !'J<J .Z.-fLJtWii tr: n~ a-. 1;1i r Nr n4 tn 00 ~w YL ·nT tJ H1 m rn •tf :;:tut;~ :1.t 
:rmrrx *&ffftVf; .f&iztJm,, 
[0116J * 1:triJJ t1fJ J;fLW/Li!Jii i¥MU L:l±i'iH-2J, [h1J:t. tif tJ{Ef'ilt'J(J·t'iJlt£rf1

;@Jfj T -~ fr!-1J-t1 
ii., *y. '.i}Ll :lli:f;ff:' :r1H;ltNi, Yr fl'£ 11(~, t~{Hlz, DX ft.= :l:-1'8 fi'l !'.!<r ---mr.frf~Hj , tn, iiJ k:.l f1:/9 ?.:~ i* fr 
1% nw , l}i1 -ii ·5t 1z H~1, 1 T 14,: ½\. ·1% mi , gx '8 -il'l r:it - • nH ½\ Nufl ,. Il:t: y~ . ·Vi 1:1, ft -')~ 1rr fl\g m 1rt t& , Mr :tA+t 
n c ni Jl1: A· , JJz ?t~ tJi :ti ) , Eli )tli n1111% .\t{ , fti, ?i~ ir!z Hr- N& ri:1< th fo1 fb~ rJ& t1¼: f;t; 1v: th Mt{ i:J:£ Nit-I] lt n , th itrr 
rcg-:dJ~. fllfr rg ~tttz;!rt:1:J4, ¾f ;•1!1lt.N, N1,%!M:tizJ\·, ti\W;; ,tfi:.t@Htl, l~\t!~~+J:!4, fflJJJfilHJ!ff.11ti:i:­
Hf~, M/JH fc:~iill;(tfi MH¥U+J M :M-, Wz NrftM-'W; it'. /MM (:1{JtkHzH*H1!Jn ,. 
[0117J Jl1¥ Hii tr, 1i·T t~i:tHlt&!M, th·;tH1r.tii, ?:?-3: U./,lHlt&t'i, :tf f'f'.J H1Mt*i ( ?:?': 1Tf8;¥f 
f,t, ilt iAH1 i~i ,.iir\iiln·tHir.tni:, n,ltiVi)dJirtiitq;) ,,./;, 
[011sJ .Lll$1r, ·nr ~i fl,)':I rg/{;fqj l½·t&, ili.Jt.~HH ( t111h.H-, hit_ JJt::tJz ~) , 1~1,;mnl 1~%.ffi, rt,, Ml iii 
rN lfutmt 1l:!. 11i;J~ 11J1 tltfi,w: 1u r.1t1Jtflr+iu +{ M, 1u 11w 1t:L 11 ii, 11 fr 1l:!. J\ 1&.H fl·, r:,1N1 H H. N1 Iti !& 
-ff{{ n-' v~ tJ' ff!!. t{f M :t:+, !)11j 1:~\- M :H•' tm W!!. f{f :;} ;; i*¥t :M- ' ht t,J ft iIB; mi 1t~ hl Jli 11 :t:4 ' 1~t N111 :M-t1: 
'Kt Hi IN rrJ Ht~Ji tlJ'i- f<tflj ., 
[0119J xJiJ i'rs r:'l fit tt.'. ·nJ tJ, {EH iif!;Irn, 5l rl1.!Wi, ~iH¼: rI1 -fiI'.Jl1, 1PE!P-IT Jt;JL1If-J.41 , fa if'::¥l'g 
ti# ft '!J: +· ti rn L), L 1N.u f1H (:J{J '.t0J Rfl " 
[0120] 4>:tt f:Jj !'J~J tILHtt&i}Z 14:"fi)' I), i)U&W j;;jJi!&\flf' s+ 1iWM%, !?;~ l:!z f,fJn" :'h T {E}d;jj ;{jj ;;~ 

ft,tiH J:3fJJ&f:.-fLJM, N~ft::f:iH nJ t.tt:f/J {JR:1E+rtf1%ut" B +·¥-·fLt1J:Jfffn-~-fLm1tw~ i%, tt11It. 1i 

%R~~~~~WSm~mT+~*~*~~~ffl~"~~~ffl~4~~~$R~~lli~ 
mu~~,m~$~~*~*m~~ffiM~tl~w~~~~~~u~mu~~;m~~A 
~~*~f~t~#~~m*~~mU~B:h~~~%~~~~~u~mH~ff:M~ 
1c 1t1 n'- i%:f:5j;:t, rutB- ,:m w ,141t((.1 r1 i¥t1i ::i!W;J:~un H;}gfu1i1.;s: •:• :;t;::Y.:rifJ r:1'.J =t.fLMt1b':JI} H~ 11 Pr-ti?, 

~~m~?~m~~m~¾i~~m~~~un. 

[0121J il:l::9}, ·i:iJYLl tM,;11 :tin fV :J:;irfi/l:H(QH tpt✓l.nljJjttr,&-:i:tth-fttn o ~:i1'.1lfu :~JJfPtlLWiI s-, /1 T 
f>I'.litl t% JJ,tr&i m:''k tl.fJft&flHfl<J-fLl,i'{j )!Jllit&.;ttiJ;u~- tH. :lf,UAlI n i']".J'i'i]' f~Hj ~f f4;l1it~ Wt?" HH~ll rM:lili: 

12 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 173 of 297

CN 104999746 ;\ 

fj'· WU ft H] 11-Hi .g %: , it: ;Y~ Jt 4-:=Wu , j'ir YU ftt : + ml jjjJtlfil, }if! H?: JJUt: i1 iIU'. ¥i, :J~ it l1 ;)Et ¥i, ff&1 :'J~ 

t½Hf1 HL{U/{J;i.:Jjr&m~ (Last Chane(, Filter))#~:~ ( Hi1.f:Ei'.i't) H:frU!lE:r.l?:, "{if:Q. fr!J*rJH1)tf:tF, 

JtDnsZHi\t ;~i •¥I" 
[ 0122] 1lt :1/~, ·nJ Y!J i}s {Jr) 7111 n:: :'h {:E IX f( * Ht 1t1 {12 rn (tJ H i}i~ ~ii{~ HJ($ 0 {:E l:t rY * flt ifl , .'AJ I 
JlJJ. 1r): ffj ;:* i'i¼ 1~Hf, ztJtH'm f~~. ( M--f-W< ~jlj ·f ) , t?d'I ftj tlfl f#~. , 1JJtf/ (fJ.t+ M, rix .l{L'H· riJ 1'$; flf fK# ., 

~~m~~M~-«~~mm~~~mm~~~~~~~~~~~#~" ~T~-~~ 
O. l •• ,. O. 2 µ m /i:. ti', P] itt:, Jrn H jfj * .'& lljj !/J 1.; {LW1i ;}}. }jg!.¥ xt //~ fi-; mt 31±: 1TH iJt , i'iJ LJ ri );·l~i 

[0123] Y\5'~, )t.t2 :ifj lYJ ¥1LHt~,ft:Jfli$ lli. fJJ ['.f ft:Ycatrti[f.Et!Hj O l:i\fJ bJtJr-1£ (]i]!lj T 4-;0.&Hl' 

l2U?JtFi'}, "fiHJ,Y[Jtp{f~~n :pH iil:fl{ ( Wufal::r:i:ti.\i:tn~) ,?J<Jriit&rtiii~Hf. ( {1Hil~·fii{tt\) ,iTHA 
t~, 7}( fr M;fli; .fHttl:it1~,,F,R M;fli; .llil.Htl:it1~:1}, Pffl:f }}~-f hU11;·nJ t), J'tttJi\t.'ii fil.±llixritfa~}1~-f 
~~~-fillfi~~.*~~mLl~~~~*~,W~8.ffi~~illfi~~oft*~~~Ll~ 
Ji 1:ttM llilf:f;lf Hc~n&:n: ML:n,, l:i:: ill;; N:tt-r.JYJ ~fQIHitlHL ttf M .. rn .u:t, ttm .t110msir'.:tl1tn ., 
[ 0124 J ¥ J-2 l=Jj fr)¥ fUlt~ flf:Z-ft ftl -f· ¥ 1UWPj . .tfk{:$:;j,.J:WI '11:i ft . Ulttt, ti fl ·tif hJ nilf}l ft Jt 
tl<Ht\ffL '.iLlJ[,, %JUJr,{~riT UXJ'f.1J WAJ fzHHJ<Jt~j~ff1JJ1±1:f1JlUH, lil1l:t. :½fr fJii\ttt<J fr Jw, YH'i-. ·nJ 
t~ fNH;:t* :1f m tr1J . nn , 1fa ,\fi :1rff 1\?1 , 1r1 1.tt. ou1.trn T js; 11 r. m :½i q:1 " 

[Oi 25] * '.fl_ lfj (:VJ ¥fUltt{tf:if f* )j ~·~ ·nr pJ, Ut:lihfr,: Y1 rl!,itll.m !)?~ t!i 1'elt) ,, ~g}[g/tj 1%,r,&: ,t }1~ 11 fh 
HL fi1l a,j-, 1WJ:~1t1'l!M-~&.r:1tr{~~*l-rtttft# 'Jii1£·+W f(!_·[l !½! !{f 0 51 ;,,+ .. WfsRJ4{HiH~:1Ht. 1f7tXft, 1iH 
f'!1}r?)- f11'1'i"l"t" ttt t.rn * '.'l (Jfj l1~! J; lL IHHl.fZ ft ' ~;.( HHti'flli ~J)Jif 3.3: 1tt ~1ftt, [kl Jr: . {t: :)g ?)-1111 rg 
i'rl!:Jt ~\li+'z :ti ,Jl::)g1rrn ffJ ,. 
[0126J :'/g I t~iwl rl!.ifuHf lrMHtc {:Ej:J: t tf:i,kw.nx:rc 1r.m JtlitJ~x.T.\tkH! Jtlit 1+1 ftJ't~:1>_:ttrn1 :'£ 
A( tt rH ?:l~,~t, JA t1rh mr :t f~ , * '.!z rlj] frJ J>JUJtti%~ Pi! 1;¢; ·ili ti tHH tit " 
[ o 1 27J :~Jt ;t~ 1-t 1m rt 1 t 1um 11 rn w iM 8 . ';'if l.:./, 11: rt] ;:J * Jt 1r MH4: ff J }rJfJ rrl ft h Jl 1¥ J'.t H, 
fEJ J!:l:, ·nJ tJ ~JJ lL t f.h 11i' At f*l·1 l4 t'f~ #I /Jl( , 
[012sJ C :J:1LntL~:Ul-ltftJil11JilliJii:L J 
[ 0129 J 4::: 'N. 91 1'1<1 J.HU1t1&hHt "fjJjfilJi li!Ji:i/i JHVJk!i'.j· , 151'.J:fr .iJ} ¥-fUlltl1JJH 1~H:&-tr~ t){J li ;\t&t 
lliflli~£~~~&&-®~*~~.m~%Rffl0~~UM~~~%fm~~fil«~# 
ttfllft%~~~~,fr¾~~~~tiM~illff$R~~~~*~~,u·tw~~illff~ 
(ifj ,, 

[ 0130] ( ¥ :JU:13-1!}~ frJ MUtJ itliJ jfu }Sil: ) 
[0131] Nri:f tJL.rI~11'iJ L;J3ffiH·1m·t)JU:~f1tU:tili :f11]~11trHt!Atif4:t1 fl t.ttt·iWi fr-1~rtti1Y.;ilt:Mh\:JFtt 
~uc, }+-- 111:llit li'xl1&tttffl11)A jfoj'll:fJ'•-t.fl1t' f;;f;.i;-I', ;1% Jf..)A.~%Jtf*MH¥U}~' A:h!'JtjitfJ'T+~ rflY.f.tJ 
J1j %JLHbL. fµ :11 !:J ;rtWhi?H&ffi!R }LW:ff 8· fL itfl{r!Jft, 'i'iT r.UIJJ!j tl'F7':r~J.: : Wu ~r1J]Ut:Wt:1=:j'1A ft 
N-i\lJHw;iYJ}JiL ( M:t:zu.~tt{~ fl ;t;:q%-ff 2001--· 145826 q- :tfli), +:1t;-1t1Wt~U~ ( {91J:fm]t'ft\1f:tJ l~i'.J..i 

Jf L~:Hi. W098/25997 ';} ,J\ U!Ff ~'¥ ) lzfrJ[ l#JtlJ ·~t%Xt !Q iJ§j ~"+Jff· fr~)JiL ( Wi.Lfzll ffe m~ H ;:-t,;:;~ 
ff 2000-:ng:142 ~Ji.~}[l, HA:::4t-1f 2001-67643 q-;:,:HR) 1tf1}J;fl(l~/ihb, 

[ 0132 J Nd& ,t-fLntHi?, 'i'TT k:J 1rn j:1 l¼ JiUm t?:-!n ,t -fLflR JrK'.& r'frHt 1m ·~ -fU!R r-1~ mrJ iili ~.u ii\ t~ 11J1J 

:UJ:" M {4 .Im .t 1Lmt r:n miJ lrrJ:nt HHT kY:1. IX Yrn.J", ·nf YU tV,{Ex'f.~'z L IY r/ 1 itt fr f; fULHiJ ¥ill:'. ?i: it 
~«~~TW~*ff$~Q~T~~~~#h~-~~~#h~.~~*M~B*~ffm 
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58--:"'i9012 1J·1.i1lH 1i-c1txr:trh}t:" tr u **§,JF11N 58·<59012 q :"-~JfMJ :;,}JHf:\1J:Jf1ffi:UfWz1-1:iti1 
J;~ ruw--hmJ%Jt-:.tfi:,%1dJHU JD, fE~Hx..WH 1!1X(fi/f W ff!J1fi!HY ¥: 1[?.Jf::illli ~{Lftl'f:JfiiiJi1DYU~ c, 

[0133] \j- ·hitf, f'f=' )Jffi-iiJiiL, ·nr:vuzt,Wti-tt11 H 4,~1',1'ff fl(1 62-121737 q i~rn: id·?Jx lYJ-,hiL., 
{EU **irH [I{,! fi2--1217J7 ~J- /,}JIJ rt1, -,}JF-tf {:EfHlfLUHf rt (:]{J .tt~mz L}f;:J&hf ;(;~~wl j.¥, Jill.HiJA.lfiJ 
qttHJ 1tN1 t~ H?-th~ iW, z. 1WJ fF:~Jl ittiT J;JL ·ft ff) Ht1Jfg liil;" 5lli.H: H~Ii ;:t, Lj l~hti)i f Ml, >f NH!~ 
tr.rrx r.n~, ->'ff tJ,.f} r.rrrm JJP-it,, s:i 11,, 11r:: 1'11'erfi H F:rtIL rt0 Ki:H1t(1.ff11 J; fLHt4r:tJtMirr)JtL, rir 
Y1Pi* pij ~;:i; {_~ff :m 2001.•09s3:30 \; rt1 ii~: wx:1'l"l7:n1: ., -Yr @mi:, {~ff ;-1- 2001,0083:39 {J- rJ 1 z~fHlf 
.'.[{f .ittHi :~HII fr)%){ rf.iJ #L$1MHr1 ?1- :r1J n·u t'-JUl1----· .lltfU rn 1/~ H} i(J,I, [(,j tt 1tt3,' - •. ill.;±HT.fw· j(ij ttMi n·u ti 
i~o 
[0134] 1K rrn ;){{ Z_..t{i (PTFE) ,J: ,t: JUJ~t ttl riJ lJ rn .Lj Xf:::lm Kf<J~ ~ {Ultt Vilt:¥: [j'!J)f/L)f'.: f)lij iili ., 
[0135] ft: 1'Jittfi'.iliUJ ti~ itf *+itn&, tiJ \;J 11'.JH ff1]tm,m f-rtHlhx i~1ui1 (j);j,J'¥4Hi! if :H--f .GX: 

5t, lJ\_ ifHt: ~ -r:i-tm , :iK m;:++ tri thW h1J , Ht :1g tWi -lJQ t't J * l1-:J ff[ 1t w+ w~ %~ -:, 
[ Qi 36] ft:, :'h )~X A] Wd:£ +1~ i&: :% {Ul(« frU H H mp [i:':{j 5t T hll 5} , -fJC:U:b'L1}:J& ·)·t t& Yt ~w irlJ +1 :A tf jf;­
ff(f ti:' ti hf f'lj rg -rn ${; £1~ IL ;j} 1& MZ fl~ tr~ HJ1 ' ·rlT tj :f1J HJ J-:. j:£ {9lj ;j'~ !f!~ n& 11 I • 1'i-f1 DX ;m f-1 .fij Jfi }fM1 t:), 

J·_,. Yl 111-. -iiHJ ffHh1i%JJ---f.f&tr£iSf ff1.14,Jil2/r.i" ( fW.fl·) rixJfHU5ktM, b1 1![~1;:ttmzr:-F/.t1V;:;:,r11f 
11t1tfrf4;,1f~:f\ H Nilf #~n.x-.:t-fLJl~(.10 i~i 5t-f n.x!7J\" 
[Oi 37] i!ciJ.1:H:h:j)ff §Jit'fJ rfoYr T ~Ht-it '11 ;$Jm7J<.;1;4'.tUW fr:[tzmlt7}( nJ:ff ;~it: t'fJ;ftWkrtt-fJJ %lL1LfaJ 
~:f{f #r1t)(" fr-: :'l:'.J }':fr jf:71( it-)--'!: }ft {HM , !'1T :Ylj 1f'; ff1J ,~i] : ri L : ~f ' Wt ZJ'tt )tt nlt lrfl)Jt~i~J ' {'i( ff 1tl ZJ1t ' 
11£ZJzUW-. f~ Pi :t'n\iW~, jq:fylf:R~~:IxJtiii''ti:)L k'J,fJ:'.'8 ff] l'l'-J';ff!,f;<Wn1, Jtrt1 • ff}l}lfolM% r:(J ff!A 1 f/J 

'{~ ~jJ(l{JJf-.1&~ ·nJ U, Hf &iMr(i<JtFLiwQ~iHJl',t}J@. ficilWt L:l:mMJ1{-tn;}'ti[1]laj ., Jxt~;J<.#'fttW~ frtta nJ tt 
i:fq1tftllf, D:Xfll.fr{t.m fmf1!1 ~JJ:" JA¥fL-ftfJtJ~,:.r\\ H\}2., Ni"i:fS:·1J<.#:f.J!t1,~fr1PJl1) f'-+JitY':J 200 
tJ, L HP 1'iJ', ,()i.Jzt -f:1 :300 L;J, L, lt J11J fJit/t5:x ;g 400 tt t ( {;,\ _tm 400 '~ 20 hL ti ) , 4fy fij1J JE, 1+-Y. 

%:Yif U,:YY 1 ooo u 1- ., jillU*- n'JMtljn. -~t n·iJSJW:?;~1ln1H,, wu:tznt\"U1111't 1>1M;:tnw +11Kf'J<Mt:iJ11 

Jk!H, ·nJ tJ-ft 'i" W-Jt W. ff: iti :k, , 
[0138] JW:tf 1K ;w-trt:lttfrt11i~·j,if Jleg6!4Ntu&~f\j:_f{j\:\k;H;J;· :ff ·'{Z. j]j1:.<,1"JW:liJJ<.~tftt!K<t 1Mll<J 
NJ~ flJ :ffi:Jtt·ff 'ft il!:, 1-'i] l;J, f\',f iii lj ,;t frt' ?\'j ,ji~ " !Al 1t:!::, {E fij~ f wj JJ;i ffj :t~ fl. ~#'i't fi'.J U 1/0 -r~· , :1 f, '/1' iiJlil 

m~*mtt~*~~~m~*R~~~~~~*m· ½-~oo.m~*Mtl**~~~~ 
WJ hx:t JU%. mi 1:t1~ i& Vi&: 1: f'tJf iWl w1 (lJJik fr ,. tc1-u HJ ;-_illu:t.HHt; j~1~ ih 1'lsr)nt 11i . rrr it?Jz ~N tu1rt 
{r,1t1J {E ;'9:iJi T 7}(l$ ;,JJ lWJ Hi WU H-1: U :rn 4t ~ 1YJ T n.; 1l I W. W M Nk:inlh Vit L" !.1 JttU i,J', ;(:E F itH] 
~:t11/~;~Lrt1 , >f;];iJriK:itfUJtrlH&J} ( :1~1fl:J;f1{1.1&5}) JfilHb11#ht~~JtL-, 7-l<iffYtWt-frtmJill.iJ:J;ufJ.~ 
lli J~· fHf ;f ilJtl ;l6httt:WiiY:-ji.'d1<J tfU· ;x JJ!~ -2, .1:f M Q Pn J:Jfrif , -'i i:IJ rn r- i.: HJ: 1et w~ tt: l'3t ttf i5l tu tt . 
~m~~ffl~~~~~iliE~~~~3~~~iliA~ffi~ffi~~R~tt~%A~EOO~ 
{f:f1Jfn G 

[0139J tr :'l:~Uri:B7KiWtH/iY-t-J&w1J. nJ:v1Ptw11 ~u : : Ef! I~dtii.RL N, N-- : Ef! it !fl t~tR'.?f, N, N-- : 

41 Ji} ZJi'.iUJ!l (mMe) .N--- 41 iJ --2--- ntt~'H:\t~~ij (NMP), 2-- 1ttlft:Urnll&'t::1flf}<1Jm·fr1tftJ, J:LHHJg{t: 
~m~~*+~*~m~Mm~Q~~~*~mAfffflfftt~~~c~*+~*~~m 
ffLl). 
[0140] {t:, Y'ilittff if:Uif l'lt Ifr{;4tJ#Virl'.' ftilt 8..MttJ ii_\Z q;JL rtHYH'(J:tfl:J.tm 1\'.f-;} f }jy_ ~} 8 -- is 
ff{!ii ¾, 1.kr&·l':'1:~ ri' t)J 5 -,- 50 xn:~: ~--6, 7}( 0 -- JO mt~t % , 7.kiWYH:&?tt#iflj 30 -,- 82 XR®: ~--c'. 
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(:j<J IM ft 7#itt'.%'; 0 Jtn-J. iWi :H·-f· nx .fr f/.J iKfJ[ ii H n,J'' .t 1LHti i'fJ Fl Jf.Ct {\1:iF ft}:\' . ~ 41 tMWr~ti Jlfj" 

.tt4tf~fYENLt-#:'!*L tj) M·' MitrfJ;i\(ft!'Y:JU(Jft:i:ti@;'ilfJ, {Y:{EfL1JtiP~ 1J', (r0MirwJ 0 Jj'(rMtf3~{r'.f::ll 
~~7~~~$~~~M~~m~~$K~~W~~~.ill~~tl~~.«~~~~4ffl 

ii 10 µ rn nt [L}~~/1[~, }}, 111jE'] • 'i'tVidl(,_. Y1 ~,,i,, ;}(~'.@'.lt W~{ttvi'n,:tr~tiiii{dH, iff{(,11}'.f.!ll)fE. ft 
Y~, (£Jt.1~HH fiO In M: ~s, (YJt¢f ,5{·r~·, .'$;. th yt1c: 1trJ½~liiil¾'..~!?21i1j i'f>}:+ tl tt;5f,~ l](rYJMtJJni:l'ir Llfti-T 
:,;or PlJ{ N~ f(J ·w0 -~. "fiJ k:A ifil i1 .It} 1Jll ½If 1JO ~ WU J:1t~ :)( n {?. ,. 

[0141] f:EXJ it{iJ}· -f iWi&31t1Tifr'Uif rfW t&Y'ifftE,'i'. HJ, t.JU1f;iz11?t.l1~1LHlx•/;HUfr 70 -,. l 00 S-,:;, ;:£ 
[flt 16 -- 90 "C ({0>-Aff'.l T{!il:lr o. 2 --- l5 ·frt!fi R3, tf! .Art iWr f.t-f J.,x7ttl'~J :J[,f&tflJf-41-&fJt&I:[MHI rt1 ,, 

;(]]/:J::l:tr-i:frUf.hi (:jtfJltttJ(WJ.i¾.T Jj:£ fkfj:. flj tJ, ff:f; fLHt,1hxj-:1J:;nrr Jl:iili.UI!J':l: i% ffrt/(~" fr:: 7'./i[f 

J~. Ft], Jt[N 1'1 :iffii:tw.·J·b[!iM:ffrN-T, 7-K frJAH%zj__ rufrt.J r½-l}[SfQ).,_, H ,}.1,Jii{h~J±dt·fr+'·fitf[f(J 
;!ti ft;,~-, *~":?il.i ·ft:i21t1t#d'J: rJ.-HJ MIHUt 90 r~ 1 oo ~.--,~ , iilllJi 30 -, 80 ·c ; tU2 HI x-J ;>~110<1 mo% 
( {y1Jftn 95 ~.- 100% ) , 1gtJ£ 40 ~- 70'C ,. 1t rf:i(J<:J;J<. 5tJl lt J·.it *1l:1>rH. ff ~H/1c:tt:.&-mHt 
·fL$ l:: fi ·fr fl~+ th tN 6t', -, 
[0142J :ft ftHNriil ¥fLHt~ frJ rMm htt-., fJ1J ·~11 JiJ t:J, 1¥ g 1'll!.r& Jf-Jt,r¾-+t rr ii:5filttfiJ :t ·i"ttit:rL, 
JLi~i~HL!'l½Tl),JLft:k; o. 01 --- 10 µ m l'VJJ:-{Ul%. tlllLNrin, f1J.r,k*'.&,1JJ 1Ni<J¥JLgHfJ%-fL 
JI~ 1!i TL tn n H:, JL f~Jt ·*·, 1f JL i¥~- HJ ti ;@H J;j· if117J" f iff. ifi ttJ k¼ htt 5t l)t .fi11 ,_k Ii.lt Jit, ;1( (It ft fl! &k, 
~fil~~~&.~&fo~M~*fim~*ff~~~hffiMM~ffi" 
[0143] 1'r.: hrn-rtut~{~ ,:1; l'/0 ,H nm M'.z, H Jli ;1: {~ if\ 5}-f )ix 5}:-t:stnm l'rJ l#JTUtW"fjf' "fiT u,tli1\H ft.: 
~~*+~*~m~~*+~~*illfim~~n.~~,~~~~*M~M~~~Wffl~ 
tf'Ullfti~!i;JH~l li<J#'f WIJ t.!P "nJ, ·nr ~-:)_ 1~rn {r~tm : :?]( : 91 ~if., L MAf-···· :;inlf, itidJ 17-t)crW -tt;-!§j ; 1V. 
Z, : rn\tt1 :iJ<. ~Wtt i8i !++ : ~J, & t>ff J t10 ~ti!. ft 1M 111JC@tt &t WI iFt t1 ~ 
[ 0144 J ;(:rJR i£ t 1UJ~ fjt JrJ Jili: Jht 1!1 , ·riJ CJ 5filH ~ A 01\ &it nrn Wi Ji= tr. Mt i'iHt4tM-W ltf hl<Jf3 :t 
:yl)JM)D :W: ff- :WJ NW , fl HUJH:f F :l)W, , tjf! JD: :Z. {UJM, F'.l\%H :~ JiJiJ l::':)_f;* L ;7i( IW] nt{•nn:n-%~ :fr [YJ/i 

IL, Wti£t .:{f t'i\ ~)j j)[j;t 5:E., HT t{Mb111A 'F :r-J*, t~, iiJ Lj'}g '.W:{;'Jl'F (l~! [j rt; F-f,K" .:un fl.t~:£1:j~ (1~1dJ:i£t 
:ff Wr :fi1J [St¾ iM , PT tJ Jii-th .fA :s±Jill. . JA ~fl :!z.t Jill.~ i& j9: A 1H ;Jls +Wt wt fkit1ff '.}J} rt1 fiJ :h iL. ft 'l!l :ft:. "i:iT tJ ¥J 
t{UffeH~;~,cfiiJ.{rJl\l;t!'JtitUJt8~JiTrtE!P->'iT" ;ur1/~iliA/f¾'.iiJ tJJJ-M ~n'½fil!A ,~ 600°C ti.ti'i'i<J'~NilHJ 111 

Ji .ft" )Jn J:~~ :0:Jft AJ [f;J m mi r'iJ L), 73 '<;,: l( ' it\' ,if: m;--rt -'{ f4',: 80 {f. ~ ,fr\1 " {it'.JH _,,;~ L(' J'] kl-~ Ht, ff!_ YiJ 
u, f'f1flUtJ:i..5:~L j@i: ;}.:'. (M#1.SUl;f, .R iUf ·('R'Jtj mu~:t-1n1~·N/(f.* rnµnr, /A1&¥ lliiHtm ~tr.fil, iJU~ 

:ulJ:l~~;iN:·'9r,~ 1-t?"':¥, ct :ruM- 1Y1tY1+t ·t,T-1111 :@ wi ft~" :unit :rt*, HT tl M 111:tJUM G 

[0145J xJfln J:Jjrr1t Miu r:rJ A.H'LJltl;'i-iJ t~i!(-)V f:st'. m fJ~, 'i-iJ Pt!.:)\'.;ft, 'lt 9~ ~~, 1ti,·:f *' JJx Hit 
~It¼ hffi. :)Jll£t Jg ,, ;ti)} u FJ1-;r;£ s±Jm. iJ .jtJ .r& ,i }'L.§~Uf.J iHJf4: 3tt ff tKfr' z ~*' nm ft ?tr tiW Jl; h½ 1% 1t 

f1-t-fr:ft,J, %-fLIH~ f±l iWi 5t-f-1t frtt<J#Jh~l'f'.Jt¾ 1,;{-f, :W:fJ '.-1'::lE(I¾WJ ft,%:, -i:iT k:J,1~-I'!J 1-<flJ·h'tiftlfrrH~ 
Mrt~ttttill-*~~~~~$R~-~~.~UM~ffl*~~~*~~~%~$Rffl* 

)b ':"k H1M~~ ,~sun,: W&~ 1t lW.ft/f: ill \llJkft ~ ' nr ~:~ .f~] :ii lj 1}-Iilt\J'. .rJk;1; JUJ~t . nT ~:t:{{ 1fifi Wt m1c R~~ rt~ 
1llUlZfJ0 t~ 11m n~Jf:; f(J :8 fU[lf:,t ilt t:/~ 2:IfC NH!!£ Ht H;J B½ Ji!: , -ts ·i'1T U tE lif. A if 1tt Wl tr'.z z _ _i;:y . Jj JIJ +· 
i!t ff Fi!\U!) }m fl~ kt ;si, wa ftJ :4; ilfri Jl~ -9..: ~* ,, 
[0146] ( xJh tWM~i*lHl-Rl :f--fUl%l1<J&}J!i}) 
[0147] ,fifh£xiJT;{Ji")kft;J;i;f4.fll :tJUttrfHt:11! :/if}.: fiT l;l,iilli11~~:i:N-Wit${t Jill.J:tl.1)tuiili:' JltlH' 
f}U,;_\J;_i ( .flJJ~'lG%1UltZr)tttH1f:ifl{JJ-/;U~Ht!1'tJUillJ.[) :> ( :j:iJf&}ci1}:{[jfjfjf,:'f;'j~(:j{Jtl1rh:) ,, 
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[ 0148 J ;:,i J4 ft t1fJ tM Jrr):i" f}d.=!H:f' ;JX:1£ ,, {E ]dJ'i fii f1Ht-H ll (/J jf ~.b • •• mtL #z H .r: ftgi, JTh it 
*~i'@ )A j; -f Ui~ ltJ- • Ji1J vti"h~- f.ITT,J H± 1:f !m J~~, ff _/J J; JL mi ;\'l] Ht f;~! xth {ff Jt ·ji.~'.f.H-:i-'-& dll ffi f'l,Hg tMi, 
@ JlthT u, f!trjj1Jxi/J-fti Jit·iti'H-t-1J t-fUJtt t4:;f:t r1¢J {tnl-ft" tt[i-t, JJ T {~:tr·1 t:JUt;t, jtf/J.:tr; JJHi: 
H fHxr9:m;· ±.ic~'i.rrMm rq;, DUllAtfwJJ'l llJ}Int~:T f~~rnxMmJ O 1hi!!ICriJ L~,:f'1H1j wz +, UL11-t:rL, ;110 

t.MW/tJ _, ili ·riJ ~J, ft m hi :ft'&Wt , 1A¥J &½ m~, Eid£ 1't WJ'. , !t1tr~JJ. JtIU "NJI. %~" 
[0i 49] 1:iti:lli ( ttr1& :t-fUl~ ffJM ilffi f(J#!mHUii '-iJ.:iilli ) > ( fZJb.\L[fYi .:{jj [{\Jf{;j Ha ffj ·.tff /X ) (f'J 

Wl P~l k , Jl YI i'.#i JL t1~ :&; Jtn~ n, :iJ1• mt]t /r:: :-r<"f t~~ r1fJ tu r11t1 , tY. ft 3c t1} -M 1t w t.J *-H~ i~Hff ~:t, 1J11 

1.~~.R iff'i:iJL),Jff-«4l7CYJ fo JI: 112J{:Jj ttJLmt1t= ttHP HJ·' itHH':\\~iff [/J)Jll~t~ {f i'(/lt ~Jjlxth(J:i[J{JTL 

ff{HtJ]! , fl;] Jt T tlt:lit " -tm ?~~ U]lJ1?l_' tiUlt tx: 1/9 ( {fiJ nR ft JL~&HlHX:t Jm !YJJI.UlHt!ft~:t g.\l_/Jf ) fn ( i;tJ 

J:i1UdJ'i{fffl~JtitJmffJ'.Kfi..,,\\) Zfi'.:],(}tj;lli:;f;.; ( \tJJ&JHtlltHJ<J.ttJJlti(tJ.:1t.tJ~Ht*f'.tfil.lt,f) > ( 1mt~~ 
il&IJ¾'.) ;;; ( 11u1t£ff1ftHtJt'tt.lJB[lJJ~L1~;\) < 1ltH-Nt'.J)Jll~:-%.;1IB.gt)g§qLH€!I-fi17tf,iJ:fri/Jf4',:;j-J.f4-tHW 
H,Yfj'.JjH/l,IQ" 1Ji] :tn, ~!it L·trthi.t/:~!/tJf-:j :J:mto/!\Hnif?,fl<J'.kt1 _{( 'h 130 "'-· I 6S °C :t{ fl, [/:] 1lt, )m ~/~ ;&Hlf :1, 
140 -" 170"C .. "!i..Li UD'riJ" 

[ 0150 J ~x • -ni r1~ x rl1 M @ ff, m li1 l1J j:t XN Ll riJI. t-i- m11 'i:t 6t1 .i~ -"{ rtt 7';) Ye t& Ill 61¢J o. 1 1J 
T' . ft] Jt; . ID ft iill :U *~~ fir f1ti trf tfi} ;l;} Y: 7C fh 1ti f'{j ••••••• m; ·ft- 'H.. ''.f: ;~~~ ':!{ n; ' tiL.:<sJ· ;(~ i( Hf JL 5f- tt fr tF 
1f~ " {!lJiL + f;t :izt tdH (Ei!D?J1p {E ( tiJ1ix-x M· 1ff r.1<J tlt .i1~ 1'.ttl:f;: r\ ) lJ L Q 1~ rf11J1!,1: ·I?ltrti 11t tJ :ft !li: 
h: }Jl )m ~~~i:rnJ!J , 1h ;i!t~ (f:1 ft ;;lb lk ftj_' , rk fJ <"Jt , :ill ~1i }[g H~ f{jiJ Jz; if~ lll 1}; fl m.1r IYJ ., 
[0151J iti%1r T#ti·f:kWJif A-:)A·l¥H·tl J-JT:..i&HtWUfi, 9'Aj-i:'t:It\MWzrf1 • PtKJ. +:r#~-.1Ailit1¥ 
H ll .. L :iiJ NS WJ }j'L 11! f!<J fi¾f, .iffi:i:t JAWf tli11¥ :~0- 8 ilt fJ j,iij (l<J J; llfim: l!l xi:JY ;fri Xt-f¥:.f';Jfl-itr tT· Jl Ii. 
iJtj1\J'iJ,;&t:JUhHf'.JfAt Jmf1{rn~r1tHUW-:DE&l.tt~ > V11&tdrtfi r1(JtAt M~f1¢J it;: /,i:, 
[0152] Hi Li£~h'/1~'riJ tA '.ff:-~ ±tl; M :jilj :{J·Jt tf f;itff. f(J \: fL!.fw,tt f]fj J::-fLJJtil!l JI i¥+~·rl3tth' ll 
tt:,a:f.f!ftJ J;{LW4ft:ffi-ft" 
[0153J WHlli Jf 3£ :Z.-fUl~&tfH!-Wfr'.J fM :tili :li)L, IiJ ki '.ff ft ilh-flJ:r5UJW:rJS ;tH.::t:f )4 B<J· • tlliwtlWOO 
fB Wi:i-£ t, 1U~ {i2 tYi (19 J{:{i t, -fL m~ (1'9 &1 l!.!H¥, Nr if t, JL 11Hl% Jt:ff .i1Jffi 'P:t Ml q; t- i~ffL, Il j:$. 

1NHU11ThHL{f:.fa1 o. 01 ~·- 10 µm,, 

[0154] ¾'.lffri·f!IU 
[ Qi 55] u -F ·' i; ·T '.;); JJ'ili ,W1j • ~g il 0H tili x,J * iz l~!j J± tr i>t ry:] ' fl] * .'.fl i:!Jj Jj: + ,~t 121,~ ~ /Jill Wu l\~[ 
1-E ,, Rt.:* :t~l}t; ,); %. ' T-J;\J JL{} ({~ ;'.D)IJ TE' :f {L -~i~ pq er; fi<J \y EJ ff fL ~~:~ ( {Lim li~ ) (:j(_J iWl 1-E 'it/{J!f 

h{1:.t, it{HJfklt~!11t, f'r;f~'F-J:\J~&YEi'tlltifJ't'. Sa ( :iflm;/ffi frlU'.fr ) !'fl ii.~~ 'e:, Hd1!1i}tltfu'."WJ~fi!~.'iE HJ lJ 
F ftrh it}R ill: 1:T " 
[0156] ( ij;'.C/t?it1Jiti*%~ ) 
[0157] ( i) {E;t{Ui}Li~.U! i¥l'l9 %·fUHf#llilJ-:.ttil~~--F :i&fY-Jflt·f-W, ffj ·1.:: if fJ~:'fMJki'IJ}i-t&Hrl5+ 

h-.ff.i'ti It~ 111" 
[01ssJ (ii) itJt f'i:£(:tJhrtf;;.htf!lliA%1.tfL.{1: 50rnm/ fH'41lYJJd+-Fi&iT T 1'It1H&~,, 
[0159J o 1 n ½1~ t.if :t:rLMH1nlH~~,aJi:Ytn;w,tJHtt1 ._1~1Itf H)c¥if!0;,, 
[0160] Jl'dW : 4 [<H[JiJ-ftnrri#U:1ili:, ('itlf .~ii -g" film masking tape No, 60'.3 (#2fi) '', 24mm 'i%'.rt) 
[0161] ~ff, :.fH:f 30mm,200gf NU¥:. 
[0162] hr,Jt::{;);fttJh\~%1.t/L: ( tl )cn"ilinh'c thtIIJ.iili:, ( rt'11M1i; ''TLNSILON RTA--500") 

[ o 163 J )Hi,. ~ Hfuf'.i11J l rt1 I'/~ guit :f JSHL K & 1Utt ¥ JU L;J, • r,- !'Jt :Jfrt Ji tH o J:s: JJ:t;; ;y.: XH JL Ft B: 

16 
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fLlllJt$iY. tJfr 11:!. :y.xi lili/4tftHJt t11JJftiliJifil1f'Nt\tt:ii1J1:tJt'~HL if J11,•J * iiW~f.:. i'f1, tr:.ftHh 1J~1)'t1Ni'~½1. 

P;t@J fYJ f~:i ~JL +ff:: :l; X;J}), ., 

[0Wl] ( l-XHLi{jJ'.JiJIW'.i:E ) 
[ 0165 J 1:t:1 rg f MI: tWi {;Um)\-'. ~Hf} !Z i$ 1'.1<1 :& 11lf Hit tflJ 11Ii !'Jt ff: X1 30 l~ El L (j{J JL i~W 7'E Jt: lTIJ t3t. ;i:1} 

J{ :T' JtJ fft Vx: )g T· YHL \itf F! 1~1 i.:t: fL :'h IE liJII, tit N~ H1 'F if :i't, rl1 \F: l'iHLilff f~ t~ t"l :Y:1 fl ft f(J 

ili~hY~R*.«~.TI*~~™*· 
[0166] ill]L!x:P~Jrr!Hi<:fj!JfHUI [ i,tm] "" 2 • :re) 1<· 

[ 016 7] ( f :JUit~ 1J~ tm fff'f J;J:ff TL$ ( +L pt~¥ ) li0 w11J TE ) 
[0168] Yrt:ttd!iiJ 1 rt1 ,%fL@Hrx,AXiiJi:JhfiifJH1'J3,,ri1ttiftH1'4 1:Mt,fl;1Jlt,xfXtili.J['Xf 
t-fUWH*rn1HJ{JfL1sjJr¥tl:l:fnltl 7t'. ,, [\]jt, -fit'.Hj PET HR ( ~'iY AH-.:NHUWkITTi iWi :g ''HSTc-JAS": f'{r[ 

100 µ m) J:fx.,f\:: PET xtlf ;f'Ji'ftf,M~H;M1M-, /E Pf'.T Hl;tfJ~ M1~1iti:WI Lmfilmt?l):Jr:i, flfitf·TJ]( 1J1 

:Jt:f;,eJt;;ttnm' t& M. fr.Ill }A PET Ht J·_j~J1~1LJ+T·1,;r1mfry 3i1Jrn ¥:YLYt:INHt.t1Yi:Wtl'ii'.. ;flJfflF:U:?:i'\}l 
IH 11~rmnt~UJJt¥0 ~Q:fdiHti-HlfrjtlPYCF, nHtTLl/l] FlJS"j:t!'r H\ ,. 

[0169] V :tz;/,MHl~f,f,::-fH [cri], W «'.)i'~¥fLHtrn~m:MI: [g], fl :#~j\¥fLfl½Hrtt:f fr~:jff!t [g,/ 

cm:;J ., 1NHl:t!l:tdli5\:4:itHtJ'JJQi1)\i L -Fi cm:
1J, ~~~Htt:,JEEJif}(Hf::tli-1:JiJ L 27[g.:cn/J ,. 

[0170] -tU1~UI"?~ [ % J ""' 100-JOO • W/ (p • V) 

[ o i 71] ( :~ l{ ft£ 1A'. %! ) 
[01?2J 3:ti"UZ t~ nJ TESTER SANG Yo co., LTD tfJ,JJJJHlrt:X-tiJ:i'U1 1 U:t ;:m1J1C 1i B :itL u J rs 

Ps117 1:1t1;;,tt:i1t:fTWW5i: ,. t) it 111 wz,·r- t'J :iJJi+ ~t ri11+:i!l:fTWW.rr! ,, ;;:~1 crif ( tt::f'1JffL) 1Y1 fWhll··J,, 
''lt1%~Hf!Jl& rf'..i, t1P, ;ifU~ §;:~fU]r;\ r{l l'f'.JltHUJ{JjtfJttltbf'..i, frif!ff i-.tf!JHtJJ.L. ,R •Jf l!:1f *,'J'~HJUifl. 
¥~tttt~~~N,¥~~~~w~m~&~m4~%~illfiW~. 
(0173] ( ?Nj&J.t&Wl:4;!Kl ) 
[0174] f}Lj t{LJfr;ct ·1*ftlrrfi:iJUJiJ{}t;;H¥rfJJl-;;lJU.MJ~/-J¾(J 5cmX 1(Jcm FlfJJ:ttlf/jOJfj, :Nlffi 
1JH1'9M ill :h b !i0ffij0;':i1HT MIJ:i'., t±l JH:. HH' 1\{ Jf;:U( f}~JLfti~t-h"if fA , ·j!lrJt, iJiJJJt4 [j{JNt}ltW al , 

bl :llHY T ;y)tl '.iE ,, ht !fr, tt-t-+ tW, 11)\ j\ iELf}£ 'i}~j ~\~ _'h 14 0 'C 1r1 tinHA +im ff~ , jj}kwt '.30 tl" tit,, J& t} 
l{JHH+Jl1. ['.] tf;-~LfJ 1.;;.?/.iB1H2i, j}ilJH~li'Pi~W n2, h2o 10:eHrFH.Ii'(X,t ;:i, b tYJ:3-r11:1<JJtlt¥:tt:tfrit 

[0175] itl'jill.J/!(ltN,· 1'](:J a f1t:f1':1Vt~ ( % ) "'" { a2-a 1 / a 1) X 100 

[Oi76J Hi l1U.ff:fl¢J~h;:ttlH\ b r'tEtl::ft$., 
[ 0177] ( t(1 .. ;it T-J1f# mi tfnitUi Sa ( W ittf '-EIT '¥.iti f:f,f ) r:1{J ilJlU Yt ) 

System '.fjllUfr ) imt:&mjJ[!..:>]k, Ndih JWJ n& illifll'MH!L iiiJl'iE l':,{.t,fi'.):79 21)0 tl m X 188 l.l m 1'10 
~\1:EW, mrt: ;nft-Yst:/:flmtft c:::: 50 ffi< tJHm ::::: o. 5 x l:kldy, 3iJtJtJtil't}; ,:::: NoRe lay, ;)~itl~ :::: 
SJOwhite,)f.i!tlit{~:it= Wave,f¼\lfffF;;,;f"= G40X480,, ff.ltlJf1c·f:YJttIEHfl:fif/!£ (Sa) i'i::Jf& 
t!ii"'fH:f!~ii" 
[ 01 79] ( f,}jfl '.l!i})V'. fj'.J WW TI: ) 

[ornoJ i{}},)\W1H}U ii,IJ;J'!'fJ MD /f10J ( Mfi;.iJ}fp'iJ ) :\K.tfxJ~-J 15 x 150mm !'10 h\:%t.J\·, it NJ Ji~tt{,;: 
fl1'1 ti~W:ztll, :KrJ(#,tf1iJDB1'L'WY-tiJ 100mm, kif11}'ifVJ 200mm Gtli1U¼'.J}_ftj1 l:i.1(%tJt, itrn5:cJt-N:ff!1rn 
rt " Jtt f5LJ!j N./ 15mm ~?< ~j'Z , 

l7 
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[ornn r ;wJ:i:ili:Wu u 
[orn2J fiiH¼1ill!!lJJ'.lillkiltll'kYtMJ1ifdWH1i ( *i:¥:£.'J'irHtl:rt!l:U!.i:(J~rftiM1-t"VYLJJ\MX( .1, ,fa 7 ~,, 7 

7' )HRilNN" dBlit111.i:5:hZ{I¼'. 15 }V.lt1%, tNfr~ NM!\~t+~rttttilf 20dPa • s/25'C) HJO tll@U':r}rt1 

hn)d\1 L;trlJ&r+tr1Jf JtW:~ ( fr f J~: s. 5 Ji .l 35 ;fl: i:fo fl: f-:iAdW·]·H%{ (rt;1;1t!Jt&HimUIJ n~ JY!d?!io 
{Ln.trijHftL.11~%~WYAA±Jnut11H1<1 PET M~ ( }W)~ HlO pm: ITT) Mi -g ''HS7-Ji\S '') frh{iHt.H14.Jj-: 
N~MtMJJ::UiJii~ij J· .. ffJtlHtli'/4~ {tif}[,;)1:}fal:M={r 2:'iT' rnH#.ii¾'.i:rft:~;([ it PET ./Jl L,. i:rff•~A;J' tJ.H~l~i {ti 
tJL .f'J PET Httz. fEi] (j{J f1iJ [lfa hJ 51 p. m j/fj 311 lf ' ;/ff. g Jfi ' mi[( .Ith {f ilir: ff£ f;<J 100 il,,s , 1Ml'.i 50 °C WJ u-: ii 
1 f 1 {\\~ lr 4 f.ttrr " Jt Ya , Ht rm T !}( 111 }l ft Jt iM r;\1 , Hlh'IHH . t: -fl .IE~ (j tt\ 1\h ff, PET F,W J: llJ ?Z6 " 
[01s3J JJH1:{E\E~--FJtl:fT fl WI F:W~m11,$}iff1JJ;fUl%,, ¥llJJ!}1-f:i<J Vl.fft}g?J 23 µ m,, .ffj 1rr +-I~ 
f~Hk-~¾:tfrJ ·tfUM, li1U#., :(+f:f>T%fUK~ffJ:fttful:1<-JfLf)<j:\ji'-JJHL'fI:/Jf1<:J 0. 5 bl m, :1Hl@t fkJ ·aT/19 
*~~~li«-~k#~f~R~h~Q5µm~A#~~tt~~R.~*.~Rffi~$~ 
lLVi1JUt:};170%, B!t&'.$-lUJl,'HfL@''"UJLt:riW:1/f'P-:.l:3] 4 f::[; (:5 ;1:({J;:Y/l);E{l\ 4 4 .f:l>-A 0:P)" fll 
l ~[!\ TffliJjgWI) l rf1f~Jf1Jti~J%1tqf«iillfr~ 1rr::r-1H/!Hili~HJt (SEM mm·). 
[0184] (: ()ijj'ili/}lj 2] 

[0185] [tJ }~ f\'i: IMt ~[[Mi•~- Mi]§ 1ft ffx ( I] .i,: GE Plastic i+rJ irr, MJ Mi Z '' tLTEM ( '/ J~- )" 

J.,. ) I 000P , .. ; [M i4,:J& ;-ht~L¼f J8 tfi: i: % , ~f;ffiJ NMP) 100 ffLi:ffrrt1 iJILA.i~ Z:,'.t1t li~l{tn;t:tt~l!I ( fr 
·T·@: :i 5 h )]0 r'f§:·ffrffj:.Jl}(~W't't~K1ttzHil"Llhxftil]fjf,{fl1(:VJHlil" 
[0i86] ;(i:Jl~Jti'Hfz J·. l.ix M ff)') iIH¾:H -*'1· !'fJ Wi )dt: :nnt: ij}lj(:]{J PET JI#; ( f'l.Jl 100 J.l m : ifti Md!i 
"HS74AS'') Jl~N!Mt/i'tBliliffGJJ·., (~_ftJfiwNt-:fi:itliA:fi·fKil;ff 25°CrfJWhT:lhtffKffih PET Mt Lo ~fr[ 

fillH L;J!l«i j·:t ,fij':j;rtJi PET H~fr~ f,r] m;~ 'J:1 511,1 m 1111:lJlh , hf[ ill JD, J3j'.!{Jili{E;1rr:1tt<J I 00 9•ii, ili!Jff 
5Ol.' r10.frn,i 1!1{l\H1 4 frtrr" Jt:.J;j~, tlrf:f:ikrt1Ji=~Jl;;J~;u;iu, mrnUH. ¥fU1m (Htam9, PET MtL 
:fA!Jlit" ;\ffi:ilf:r::Ii~jNrF H:tlf ttft!~+-J½t,Wii:fHJftiUtL. t:fUNU/f,!\If:f}f':1sr0·;J 2,1 µ rn" HJ rf!·f· HH:¼ 
HV:~'t~it¥-fLH%, Ui !JR, {J{CT· :tfU1%!'.l<J~«rnIIYHLtfJ'f-J>HUL1iJ/:J 1 j.l !ll, !c~~JlMhl.:H1Hhk::ii\/: 
J5J/flUJf:r~f4d:.tifE'F±:HLff::kJfr(J 1 JJ m !10JltP&Jffitl:l'ttiWffL, Y}§}, ~:YUtWrtJH'tJ-fLli#.Fl~ 
J1 7J % " ;y!tl '.iE :t 1L.llt%:(1\1;2i'{!¼'., Nf Jl /:1 y: .ViJ 4 Tt (] ;): (f<JiY!U ft:: Nr :3 -¥'.b, 'I -t:>, 4 tt ) " l'¾:l 2 1F 
Hl TiJifJJrr.iJl.! 2 rt 11iff~t'fJ;t:fU!l%:1<1iff1'f11t!,·fN&.?{H~fl{~J'r (SEM ttfiA) o 

[01s7J [ 3t./Jw:Wtl fl 
[0188] :J1Ji111Jjfi-f1i1j 1 (j<J~¼ti®tn:&~t•lfW&~t{UlJ.1,~{t{E ll¥ V !LENE f),JjlliJ¾:1:fi;J1::£r1tl'tf ( ff{i. 
J~t{J 2SO P m,.rf!.·O:mNHHLM:t½ 80g/m\"£i'.¼'.f:<~J 0. 36g_/ cm".:\JFUt O. l t> : if{ 1V1 i~ "FT-:noN'') 

J:.,Ji:ttr-Jt}C.\Jtil:TJ-.:,J'frrfl~J PET lff4 ( k:fmtJft:.1J;lifr,JW!Jt 10011m :f{Hh\{Z '' Lumi!er SlO'') 

J:j'[i]. 'tf-T*·f- t. ,, itr·h~ 'f ~tmiv:,~~u1. H:tMii!.tiKtz,t ~1- ( ?:r'.i~t~~l\} :NI --!GO) (j<Jjfillit\i:JE &:'J'.I 
rt1 C f(J 150C), {:E:iti)ljfJ::i:silii.lft!'J0\:R:t~-F, if Pl PET M&N,}ifllfl:&:m 1lE!l?iiltJ;fLM&tV0f$~3tl.::fY­
T )m ?~~ " !!;~ ld~il A· f.H-H; i~iJ lltf:'i lJ: :/;; t'.J 6 0 cm/ '.TI' tit, " 
[ o i 89 J :® :tt Jj£ ff J II iL , :fW 5~~ Jft ~91H:l~ i1' \IEB:t; tR "t, ;fl..: Kffn ;%: Md} ::Jc Vl l'ii • -1-¥ f.t !'J'J ft hI -~$ " 

&1: h.~ ft lfU ,t} fl Ht 'h VJ 31 :1 11 m" 1:E :Wt llt ff.t: ~iii: 1lf /l?/ 4t -~ fl fl/Z tfJ - • miJ , Jif.k J/~ ft 4-,~ Jt ;"Jll. .IJ.t. YiJ t·~ 
:rno t: , lz~h!U9.: -fp!Q JX f1J>ft {L 
[onoJ XHi-:t:111lJ :f¼.h! ff.:31±:U et m-J}1J~~>t:%z. t0 w, jd/1 :1'fr :;f!J J;:. -tU!R;:st n '-tt~1.!N Ui1 tiftJJ; ,, ./l1 
rb, f ;& l1:ftitW~l :1('f f~ J&JZ 14;, t;1; *, ¥1Uttt !'n & li'H #A: (:I(J:Jtrn Y J1J JL ·& Y-1#-\J o. 5 11 mo ili!U Si:Jll!l! 
1*r)iJ:lfr/oTnl,i}[}/,3;')9;y:yJ 4 ft (3 ;'j.:(:j<J;ft!ufc{h 4 t.>,5 fj>,4 i:b). f:j,f}Ji}M1J(fJ1$t~ttfl'¼ri;liiIMJ4~ 
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0JUI¾!'ltffttUP 1J o t.tff\l)il~ii~Ll!WJ •Afr(:fJ:il:.llf;ti}I ,~Jt \'tt;~,Mf, tB)l-·f-ftHf.~t!_" 
[0191] 5H[,, Mt1tti.iTuii\XllfDfY-:JJtft;if ffi}tf, a, b J::'.']:Yy 1. o 0 i, JL f&{f:(¼:'rXf!LH:!f·ji.~ rn J' 
r'j1}!2J.Y!I. 'Jll 1 I .iti/fHJ(l~1t -:• WiHA :1(:{{}f tf;{:f i~IiHi 'F Jf;tl~.tti. '.iEJtVl'.J} ,, 
[0192] [ '4.;Jjffi:f;i1J 2] 

(0193] .:Jtr-iti1.Urr1:vij l (ffWUlf,HYMUlfftt#t8-{U]~fHr-(E H 4',: VIL.ENE iMiu}R'.l1iktfdh7'ti ( rw 
}¾J10 250 1-1 m jfL-f;YllifiJUft!;:{''-J 80g.im\ 1t1fJftftJ 0. :36g/cm\ i½'Ul 0. 1 f') : ttli ,11\ it;'' FT ;UON'') 

J:, }f·:Jc1J-Jt;)U\.i!tfi' I .:N4./i l~t{J PT ff&[ ( :.$ r~1rUJ'~ H)FJ·ILi:f::t, /ff.itf 25 1.t m :ft1U rW1 :g "Kap ton ( 11 f' 

~ / )l00H'') ;zJiiJ~ ;jg IRIS 0HY1\MA t1it-8}fff}:j:JL ( i"';rW1t1i\\q :LF!\J4ID) rJ<nMJfl'Vl5i/f1Jrt1/x: 
:T-J U ( t<J 1,50 "C ) , tEibjilj 1[i'.i.UllA[§f (:j<j;Jtl5 f i'L r,u PI ~iii • j_ffiN\.VJiiWht±{T)m ?/~" JIJ :tt:lJL!fJ)l~­
_;.fil:jiliJ1.{l'.:;\1fi<1 n cm./ 1}tq1 ,; 

[0194] Ali.ii L3&1~{J}iil~, +f!iLl }'.t{critH:~critJEH:&,~t -1Lfi1\.tl1 ~~:l:ti'\'Ji':~f/J n:i- -f4; f-tfJ{J }&FD tt;,. 
J!i:UH4" 1Y0 ,r2JW-1t ::1;;t~1 219 µ u1,, R T R T JA im N1liH fi' :1m 1~1

1. D~J .lltt~:t1ttf: ftJJ1 :-ttHrHTIHtF& mH:~~ 
fitffi'.l! I. -iU;, :T:H'.ltt±ffl)Jfl ., {:EI¼vllitmz~]Ji;iJEff:&~~:f'..-fU]f4(t(J· -f;11j, #s[I~ftW"i?:ftitZlH¾'.hi:~ 300°C, IA] 
i1t, ts.t-:rr xm '.t~ 1,u 1trt, 
[0195] \i;;J:{-f-:filf'VJtl}.flft,:J:1±:1f Hx #J'J}ij}lit:j;%z. tr\ Nl, :id}i.:{fffl! ¥1Lf!t)j9:ff'ttl:t.lfi( rill :{If{~;,, ./H 
r:g --f Y1\ I*H~:~-~l Jl% t1 =:iii} ,4; _, f:n :W:, ¥JUI~ 11t :ll lW#{E f.t0JLl1t +'-HJ-fLft :1Jt'~ o. 5 P m ,, iWtl 5±:J,Jl 
f;t.'.!'J'.J :;£5 :c/Jr. it~ }r-1:i+-: Y:1 s t> ( )!Htii\ s tJ, s r'.l>, ,i t.l> l . _10 :tl: n.~ ~Mn Wt m1:mt~~t,w .. wt1t1Hlg1 
r:i<rfrUL T-tu 11 u . m n T- & Hf~ filf O i~tn i1-1~ ii i:IJ ;f}u -%- ~J f~ Jit 14' ,J 1 ~ :1:~'t -r·t Jt:f 0 

[0196] 5}1.1~. ~Jt 1%:M.ltz'~Ki ((J 'k1ti\ili} d, a, b ½')Ju-:f; 1. 4 % , 1. 5 f6, JL·-F-~£3TXl~YJtJi1J;t;} 
JAi*ES Ti~jilfJ.jJ):aiDJi;[ ihlJf;;}(>~{t, Mfli.-A¥-'°fr_,IQ-ft"{E rFo&\. Ftf;;(1U.%%-tttlt H: (; 
[0197] [ ,;J;_)\t{',iij ;iJ 

(0198] ;(:r:4;hfr1':v]i 2 rfi, f:HW'-i*~*l.ifitM:lrr!'fb· -m}1-Ji¼~~' • mf:1':);1[t jfjJ{j'\ (J<JW0'Mtdfr{ff ( Pf 

r~ t'0 lOS [.Im, t'j\-f;)'j[i:fJ:UKW.:/:J :"'iOg/'m\ W~)!t~J 0. 13g/'cni3' :L~1 U}~ 0. l {j : t#i 11~1 ;g "05EP ;'j{) '') 

ft: :/1:ic t::1H1r, iil {ft Ml:ltt@ti[!~ n1,i-f~ •t: fUJl,Vtl: ft YEM hi ±Hi {Jy (1~r :'iK-?J Mifi1~ J. , ~4t Jt. :z. &!· , LJ :,;Urfil 
Wu i P~J :l+ fJ'.J ~ fl, , ff} f1J ±£:li fti ;fll it -fL 1§9~ ----· -f¥ ft G".J 1~"'.J!lr !i ,. J} !lf f* (l\f ,~- I¥ 111/:;J f'.J 135 µ m" JA 
Wi f]f:!t ff VII 1l1t, 1P Jt2 ~~ tfJ 1:ft A"i. Jj r'~ 260 'C . lhl lit, Wt W.ffi Jc di :ffi tfa ffJ::tt lit! ?f-h)¾!. W! flj -~ ft,. tE 

:~_wm.a:&@t,u~wtJ!¥JUJ1iHr:1 • --m11, ,,:z;}:fi~Jfttt92iMtfl.i f1fr~ :1oo"c, r11JJttr1r~,Q*iWkft,, 
[0199J JJ1~f1Jf1tlr:JJ!-ft;llHrl1x-11n~rrtfJ/:',t¥z, ff! :W!., £f:/i tli'frl:tJUi~i:\t:ff2t4. 1Nim~t1Jm· ,. FU 
1gf!fii:tltzN:.1-\.1,t%'ir~Jt1IH.¥, ?.fi ML :f'..fUJR-rtr&l1lf{f{E(fHU1<JT-:l't,JJUt::k1f<J 0. ;) P mo iYlU'i:EJlJZ 
w ft1 ;~Lui, Nrtlt½f'Y f0 ,1 tv o tdt1 iWu YEfN 4 :t>, <1 t:1k 4 ;§1J; > , -'J :t½ Jt~ ~ti rl~ }i r.iUY ~~>t ,tE:ni~~ 
t 1UJtHfJ frJDt-11 l1 ij , tt~J\t fJ {,Im:& ., 11:1J)¼ht1 t 1J f/d 1¾- tn ti hi -1-4' '1 I fE;Jf;f t( Yl:\2 '& ,, 
[0200] !A J~, ~tt Mi ill r}!J:WJ.Jjj· t'J'~ jfft:~KWY-&r, a, h ½-JJIJ :h o % . o. s % , JL iJ'- ~SI: {Tmil%t J:Llci}Y}§ 

w t6T-r~ii'JU& 1.1fii 11.i!f::rrit,~:=ft1t .,. 1;/i'l u, 4',:fttf tf;{:r:.N@fA ·r r1:i::rrit,~t~'.iE't-t-fh'J\~" 
[0201] [ ~Jifu1>11J 4] 

[0202] /E'4.;h1il:Wi_! .2 1!1 ' Ht .IH r·;·*filJr1Ll#t~1jlljft(:1{:r- ~ mfYy}$ ~Tu'. ·tfi :');;Wt jjj :tli f/J [#)'Ji( }ctH:{Ji' ( Ft 
.ft'.f';J 9311-m,t)\{;)~wfi.HffU!itf'-~J fi0g/1l,'il:il'.§tt10 o. t2g/·cm\itl;/Urt o. l :fiJ.· dtli8,i!;'' 15EP-<':i0") 

fl hJ7c-Jh {)j, :1t-tiijtTI¾$1: 1lf%~~¥-fUf&U1: fr{{#f}ji(-7ef});ffif}{J tr:?t.tftil\i[IJ L, IW;Jt;:z.&r, 1J:t&w: 
2 PUf+±tktlkft:.1tfftitffJiij¥!ltJLmt fif.tlYH1Ji1¥-, j}fJ:tt::ftLsd~Ji:i~f'./01:3111m,; AA. 

1Wi~HtHf fm A%, ff! it ~l'i 1'/0 :1:fi li /:9 f{] 260 °(_' , [;fj Jlt, {(I$~~ )cffj :{fj • HU (jiJ ;# ffif rQ1Dftl¥ :iii] :ll it" 
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{fl\'UllYtlltJYt;1iuttJttJLHtH1t- -rn~, 1JU1tHt~t'!zffil\.fO::d:(J 300\.'. f\lM:, I9:1T,ftt't:FIJ1;!!-:fL 
[0203] x;f.Wf f1Jt'fH}l:.&-J.¥}l11T!iPJfr:WHl\?tHk' ifil#' xfh fJJ:H] 1;JUJJ~;::1 ffJt:t Wct!liJ~l]{f£" ft] 

rt!.-+Jti~Hl4\D%HHtm-it. £tim, t-fUJtH'I1Jz<WUf-{Efn-fLt'J{f'ffiJJLH::J::1i/J o. s 11 m., iJ.iltl'tE.:i}hf 
itffJj~"Ut,M!f;'.i"fJ:;J 4 t~ (3 ;J~tY-Jilr!UJE'.fiH 4 {Y,·l f'J;,4 TJ) ,_!Ji1hlli1f~tJt%rnttm~r~liJ::tt>t 
1HUtHl%\ r111w1, -tti: rn: Hf~ t-" t0: n ½1tWf iv-:ft,J -;fr fi<J &llft l¥ ':H )&]~ .,ut ,~ :~t ,-
[ 0204 J J1 7~. ~tltMi ill l& 'ffi'_ N!iftP?dt ¥ ii'ff 0 , a, b 5} i!J Jg o. 4 % Jt :) S'iJ • IL f i'9: ff Xlhl }J{:ffU :11 
}?·l*RT iP.:iill.AtM.lriY'll ti\ffr:~XJJI:,ft. fim V,,:-4,:j}h!f*{Eifliifil.F1'(']ffr:~Xk~;tftfil'1~., 
[0205] [ :#;lifilf1i) ()j 

[0206] j'{~TJB{9Ll 2 111• ffJl1!''i'ffuftiUt\UMi'ilimtfflKf:Jd}J:{1J ( JW}itJ l'.3 µ Hh l)fl.{i'filiJF!IfL~li(J 

2. 6g/n/~W}ltf:f".J 0. 20g/cm\:~1 Uti 0. 1 :iffiM,t''O{:iIIOP--2") fth}:iJ'iff:i, IIfidt:z.;,1(,,J:H:fT 
r1 ?tME w~ 2 P:Uff t'ItJ1~f-t:, f~j511 {t M:H:&@.tmrnt~ g;~rui~ln {¥Um-Jc?:±fli 1ti- --t1~1-ut1 jr:fi? w, 1~ 

}Zf.<t;'(t),t1,fWtlf1i/J :18 Pm" RT/A Mti~jlllf.trn!~\, IJ;Jft~kt·f.mf1'3cti'i fli'- -ltf t'fJ:W:m1ill'llf111it1 I - • 

iH;;, T-It' Yt J~ 1111 V rr w~ wkH'&t~t,w mtr:: t>r urt~ rn · ·f(1J , tfk Mi ft:Jt ~nr ~;iA ui "I:; 0-;1 :wo "C , PJ ttiit fr x1!! 
mf1JJfft,, 
[0207] \i;;J:{-f-:filf'VJtlJ-flft,:J:1±:1f Hx #J':llJ ;:Iit:j;%z. tr\ m' :id}i.:{fffl! ¥1Lf!t)j9:ff 11 )filfj( rm :{If{~;,, ./H 
r:g -f Y1\ I*H~:~-~l Jl% t1 =:iii} ,4; _, f:n :W:, ¥JUI~ r1t :ll lW#{E f.t0JLl1t +'- HJ ·flft :1Jt'~ o. 5 P m ,. iWtl 5±:J,Jl 
f;t.'.!'J'.J:;£ 5 :c/Jr. it~ }!tY:iT:Y:1 s Ft (:1 l'xr:i::1;;1w;:t 1114 :rt ,1 H ,5 tJ) . .r1,f}fI-Ml'tJ itrntwH~-% 1wMr.~ 
t JUl~JYJfrlFLTJU ruJ ., i9: {i)IB wx if 1J tffrJ ii r:itr ~tr:liH* •; 1 ,@Jtfc /U:t Ji" 
[0208] )} l.1~, ~Jt 1%:M.ltz'~ Ki ((J 1

~ 1t 21\ ilii d, a, b ½'JJU-:IJ 1. 6 % , o. 7 f6, :i~J:.Vi {4; R T if lJ.JJ':( 

a i/iJ 5 I ,i!illfJ Jf; tt:DE 1-t H ti:/': +. =ffi rHl , Mfri-A ¥--'fr.Urft-{E rFo &\. F (j{J}f; ;LJ-~ ,ftt½:: YtiJt w, ,, 
[0209] [ ,;J;_)\t{',iij fiJ 

(021 O] ;(:r:4;hfr1':v]i 2 rjl ·' Nirn t·;1~;t31Jt\JrJJili.Wtl>-t:0 }ctiJ ;(ii ( Flr~t<J 13 ~l rn, Jj\{:{!IliJ; IfLM:f:J 
2. fig. n{, ::1tl~[f(J 0, 20g/ cm"_ :Li~ut 0. 1 f'_l; : -ITi] Mi :t; "06HOP 2") fl:: }{Jd/J.:{ff, HUtHj11jj'a {1/lj 2 

(1¢11i¼ ffljf l'.½t i]F.f'& :_'1~ .t JLM¼' Mt JH: ;z: )' ~ ' Ht n 1} ?);; tJ(fj_ B'Li 2 [i~j ¥¥' (i<J t¾ 1t , f1i !M ?i'~ mt Mi: i!f Ni: 4t §; fL 1!1~ 
fl){¼ tri 'Kfc:tUJ 1ti -···· ft ft ({1J :if }Jg ft" :if rn-w rn ,~, Fl [Jf 7:J t:1 3 tl 1-l m., FJ] T /A AMII ill fj' Im ~!%, I};] ft 
~¾U~ :G~ J:ti'J1]!- -1ftf!'l½ « trii" J~'KMM! I - iri;;, :r mtU~ JJII ,, {E ft IDNt)l: •,JE fJ:it.~ ,fHLJI¼ fl~ - fm~ , t .. \U11J 
1Ut;OUVJ11 )g;'{] 217 "C , Ill Dt ;:c'.i H <¼'. r}? f1J Jt ft,, 
[0211 J J;J-1~ f1J f1tlr:JJ!-ft;llHrl1x-11n~IHfJ/:',t¥z, ff! :W!-. £f:/i 11i'frl:tJUi~i:\t:ff 1t+. 1N-im~t1Jm· ,. FU 
1hf!ff:tltzN:.1.l1,t%"ir~Jt1IH.¥, tti ML :t1u1w-rtrt:ntrrr1:HtHU1<JT-:Et,JJUtt1t<1111 n1o U!lU'iEJ?h~H~ 
tl<J 35 L( }'.-¼'., Mt W! 79 :r ;t:Jj -1 ;jiiy ( 3 {J( ((J ~jr)U '.fE fr\ 5 tv, 11 ;f'];, 3 tP ) , _!y :it )11 liu· r:1{J Wi mi r.{l ijf JHi 4~ .t :JL 
.rit~tfJttUll F~J, ti~, ix1/9fmfJ{,\m:t!. ., 11:1fl¼lt1t1Jf/d 1¾-tntihllt '1! fE;Jf;f t('f"-1:\2'& ,, 
[0212] ):\ 5'}, ~tt Mi illr}V:WJJjj·t'J'~':ifftJ~Kif!Y 0, a, b 5-tJliJ:h o. 2 % ., o. G % , :M':Jil f4i: !£ -l· r%i'::ilh£ 
H. ii'ti 9 I ;B;,li{J }f~:!fnt it H }ti'"'. ·'t tt itt ,, B™ Vs. -*ifi: l:iH¥{E i~r ig -F rn )l~A:J(f.fft 'ii'. ft-ft H " 
[0213] [ l:ttiW1J l] 

[0214] r~H$t~ifJ1':1Jt,rtll'?zd.:.M}lmli'\'.;\k ( ¾~fH/fiRftJMirr(tJ~-M1Z"VYL0MAX( /\ 1 a -,7 ::1 :, 

?. )HRUNN": fl\Ht:fi\.c%fki'.Q 15 Jfi_~:%, ¥?fir~ NMP, ;fhf~::hlil'.Q 20dPa • si25"C) HJO IR w.-:·Jfrrt

1 

}JitA!Jl{Ltil1Jtntt 11t11t:~l~l ( 5++w~ 5. 5 }j )(j() ,Wl:Wdfrl¥h';j(~fi>n: 14tfrt'0;{-:f-p:'J':')iM@UHl'lfJ.l}5[ 
irk" {i:lltJ~tfiJ:JJ:Z:'8: u 4;: V !LENE ?Uflljr'J-{j PET £~JJ{ff ( Ff/ft l :m }1 m, 1¥1.t;:UWlPJfL~t{J 90gi 

n/, 1~etJ<1 o. 69g/'cn/, :l:~"'Ul o. 1 ;f:111 : ITTi 1W, t" MF--90 '') , {i'. t(JUJY fli t !tH] M1lK;{frtlli(tiWJl 

20 
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{i: 25"C (:j<JJW.gf}tl:ff;!l[}[ 0 ~k5iB-t lJ,H~tI1z;{fi,jfL;ffl}ctfj{[jfj{J i'ii] [Jiit:'J; 51 µ l11 iW:ltrff O itUIJD' it1 
iiliJtk{fiM}lJff:';J l 00;\;, Jlill.ff{ 50°C [{Jft.:iJr}J{Vf"} 4 ·tr'M1, JJ;Jfi-, /!!:_tJ} J-Jj( rti H·{\t'.Jtl;f llf!J, ;Vi ijt, 

ttt'.f, :1;:JAtth -{ti" L:lUNN;, tiWN";l(rt1 1f:ZtH, W~Ef_T-frt. rj1 L, A.+:i11 ·r: illfi' (~ f'.t :r1l!/~. @1U:1~1i!J 
xf/i1fit!l¥:fUI% 14·ftffHt.1Q-j;_fi·,. :'llf/f¾;(]-(J,j,pffl({}1t0 147 µ rn" 

(021 sJ xHtJJ1J OtJVi! f4:J:!t:f'f hJ}M'i1J i'il~ ~§J):_, ti1r W:, }dh .{ff ln $-fUJti}!;t'JJtt!N-WJ:WJ ~\" Jtl 1lf 
·f' Ht ll HV¾lti itfdtPl f¥, .ttf, ¥ JLH~l 1j }cJ/J :{ti d:.: f';-, ¥ IL.Ht\ t/1 :ti. 00 +f{r ~l{J ft (l:1 'F:r:.\fJl t'.f, /~ 
f{J O. 2 bl m, t-fLHW r*~ rm J'-J );:. :rt .t:½ If! fl~ fit, J·. {f f:E :r: JjJ fL ft );,i t<J O. 2 µ m (/J Jl 1T .ii, lill }'.t !'!',; {l'i,"t: 
·f LO )} -Y~ ' .:t +LM9~ f;½ rm Li½ IL 1~m * '};J 7 0 % " iYlti .'ii ,f~ Ji~ i:t.: (j<J ;~/\,ft.[' Ni 11::. 7'3 )f :!:5J I '.36 ;fJ' ( J ;).: ru 
iY1tzt Nl 14 2 ;fly, l7 o ;fly, 96 f'.l: ) " 1\:H1l : -\1 ~ Hfil ftlJ l a-~ 6 t'f'.J :1ViH4' t+ 1'il1 tU Et. 31fi" dt '11, ·.:~t illf. 
!A:'.>'!', f.% ;£ tl?. 0fr ·HrA C• 

[0216] zl 1 ;i~HrTtFA:htfli1] 1 ·,. fi,lttd7l.i 1 (1fJJtJ;;r!1-(1fJ:_f,{-filt!Hitrf SafJ~(M., ~Jf!V,iti: 
Ji.Nil':¥'& [JJjt'tJ 1~~'-1:tHii ( JlHt ) i~·3:?ti l'f'.J {l Uf 14:tl mi JlH H" H>J, !'f'.J:rl [ilTffi'NltF\1. ffUJ~+Htt2'./Ylj 
l:1%t :{ff 1tff ~ !'J~ ith~ f4::J£ttff :4 ff,!{! :x.tJfu.,H, ·}¥; }: (:1½ ;# 11J:UUiilil1£ v )j J~·Ritl iA JI] : ,t.: Ji_ l}J !:YJ :~ JJiH,t 
fl'~JZ<lm :-y:lr~·' JU~'tttM1'' ffl H::.t){91j t[1 Jt:J!Di¥1:11 ~ fUiwHW~J:lli.i&AJclJ'i.:{Ji [l_1, fl] Jlt, l]lfr~-:t& 
/'(-!'!t,. 

(0217] ~ 1 

' • 

C$ .:fl.,ifthf;ff-..) l [~tni] [{V] • 
------------------------------------------------------------:-------------------------------------·----------------------------------------------.------------------------------: 

-------------------~-~~-!!J---~------------------ l-------------------------------------~:.!.2--------------------------------------------------~-------------1 

[021sJ ~ #:t1JB 1117 4 
-------------------·--·--------------·----------------------:--------------------------------------------------------------------------------------------------------------------t 

0.12 5 

(l l l 4 

0.52 136 
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Power battery's ceramic isolation membrane module for electric automobile 

Abstract 

The utility mode! provides a power battery's ceramic isolation membrane module for electric automobile, this power battery's 

ceramic isolation membrane module for electric automobile includes: PP membrane layer, the symmetry sets up two inorganic 
ceramic layers of PP membrane layer both sides, the symmetry sets up the tie coat in two inorganic ceramic layer outsides. The 
beneficial effects of the utility mode! are that: the stability of the heat of diaphragm is improved, mechanical properties is used for 
putting forward unfamiliar high temperature resistance, security, cycle life, low self discharge nature. 

https://worldwide.espacenet.com/patenUsearch/family/055161248/publication/CN205004376U?q=pn%3DCN205004376U 1/1 
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Technical field 

The utility model relates to the technical field of electric vehicles, in particular to a ceramic isolation membrane 
module for a power battery for an electric vehicle. 

Background technique 

With the development of the electric vehicle industry, the power battery has gradually become the core of 
electric vehicle components. The power battery has become the focus of new energy development because of its 
high working voltage, high energy density, good safety, no memory effect and no pollution. The field has broad 
application prospects in electric vehicles, wind power storage, solar power storage, mobile base stations, space 
technology, and defense industry. 

At present, electric vehicles put forward extremely high requirements for the safety of power batteries. 
Currently, the diaphragms used in power batteries for electric vehicles are three-layer pp/pe/pp composite 
microporous membranes, or single-layer PP, PE single-layer micropores. Film, and coating film, due to the thin 
diaphragm thickness, generally 16-40µm before, in terms of thermal stability, the diaphragm is easy to shrink 
after high temperature to cause short circuit of the battery, mechanical properties are not strong, easy to ignite 
after acupuncture It brings certain safety hazards to the subsequent time of the battery. 

Utility model content 

The purpose of the utility model is to overcome the deficiencies of the prior art and to provide a ceramic 
separator module for a power battery for an electric vehicle. 

The utility model is realized by the above technical solutions: 

The utility model provides a ceramic isolation membrane module for a power battery for an electric vehicle, 
wherein the ceramic isolation membrane module of the power battery for an electric vehicle comprises: a PP 
diaphragm layer, two inorganic ceramics symmetrically disposed on two sides of the PP diaphragm layer The 
layer is symmetrically disposed on the outer side of the two inorganic ceramic layers. 

Preferably, the PP separator layer has a thickness of 16-40 microns. 

Preferably, the inorganic ceramic layer has a thickness of2-3 microns. 

Preferably, the bonding layer has a thickness of2-3 microns. 

The utility model has the beneficial effects of improving the thermal stability and mechanical properties of the 
diaphragm, and is used for improving the high temperature resistance, safety, cycle life and low self-discharge 
of the diaphragm. 

DRAWINGS 

BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic view showing the structure of a ceramic 
separator assembly for a power battery for an electric vehicle according to an embodiment of the present 
invention. 

Detailed ways 
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In order to make the objects, technical solutions and advantages of the present invention more comprehensible, 
the present invention will be further described in detail below with reference to the accompanying drawings and 
embodiments. It is understood that the specific embodiments described herein are merely illustrative of the 
invention and are not intended to limit the invention. 

Please refer to FIG. 1. FIG. 1 is a schematic structural view ofa ceramic isolation membrane module ofa power 
battery for an electric vehicle according to the present invention. 

The embodiment of the present invention provides a ceramic isolation membrane module for a power battery for 
an electric vehicle, and the ceramic insulation membrane assembly of the power battery for the electric vehicle 
includes: a PP membrane layer 1 symmetrically disposed on both sides of the PP membrane layer 1 Two 
inorganic ceramic layers 2 are symmetrically disposed on the outer side of the two inorganic ceramic layers 2. 

Specifically, the PP separator layer 1 has a thickness of 16-40 microns. The inorganic ceramic layer 2 has a 
thickness of2-3 µm. The bonding layer 3 has a thickness of2-3 microns. 

In order to facilitate a clear understanding of the diaphragm assembly provided by the embodiments of the 
present invention, the structure thereof will be described in detail below. 

The ceramic separator for a power battery for an electric vehicle according to the present embodiment includes a 
PP separator having a thickness of 16 to 40 µm; the upper and lower layers of the separator are treated with the 
inorganic ceramic layer 2, and the inorganic ceramic layer 2 having a coating thickness of2-3 µm. 

The separator is unrolled through the stirred separator inorganic ceramic alumina mixed slurry, and after 
coating, it is baked at 70-90 degrees in an oven, and then a layer of2-3 µmis applied to the treated separator. 
The baked diaphragm is then fabricated into a battery. The inorganic ceramic layer 2 can improve the thermal 
stability and mechanical properties of the separator, and is used for improving the high temperature resistance, 
safety, cycle life and low self-discharge of the separator. The bonding layer 3 can better bond the positive 
electrode tab, the negative electrode tab and the separator together, and enhance the electrochemical 
performance of the power battery, especially for reducing the internal resistance, improving the formation of the 
battery, improving the high temperature resistance and safety. Sex, cycle life, low self-discharge, the greater 
effect is to avoid the safety hazards caused by short circuits caused by the use of electric vehicles. 

The above are only the preferred embodiments of the present invention, and are not intended to limit the present 
invention. Any modifications, equivalent substitutions and improvements made within the spirit and principles 
of the present invention are included in the present invention. Within the scope of protection. 
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l .A ceramic separator module for a power battery for an electric vehicle, comprising: a PP separator layer, two 
inorganic ceramic layers symmetrically disposed on two sides of the PP separator layer, symmetrically disposed 
on the two inorganic ceramic layers The outer bonding layer. 

2.A ceramic separator module for a power battery for an electric vehicle according to claim 1, wherein said PP 
separator layer has a thickness of 16 to 40 µm. 

3 .A ceramic separator module for a power battery for an electric vehicle according to claim 2, wherein said 
inorganic ceramic layer has a thickness of2-3 µm. 

4.A ceramic separator module for a power battery for an electric vehicle according to claim 2, wherein said 
bonding layer has a thickness of 2-3 µm. 
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3770704 

2 Foreign Reference CN102939675A.pdf no 30 
0c94cd908839708a7425e4ccc1e6f579cf0a 

c9a 

Warnings: 

Information: 

4705224 

3 Foreign Reference CN103474602A.pdf no 19 
fa4bf08c8e969236205ff6e711bfe5b7b927c 

d57 

Warnings: 

Information: 

5328488 

4 Foreign Reference CN 104871341 A.pdf no 45 
cbed6da529fae3f337122b0420a81702299 

1c58e 

Warnings: 

Information: 

6047274 

5 Foreign Reference CN 1049997 45A.pdf no 46 
a4 7 425 fbf61 edS 5 c794 26bb99f5d 5 bccabS S 

2fa9 

Warnings: 

Information: 

1979957 

6 Foreign Reference CN205004376U.pdf no 9 
72d6d19b9c7b8ef363deed8ef0b343d611d 

899da 

Warnings: 

Information: 

431306 

Office-
7 Non Patent Literature Action _CN201810322931-1 - 19 no 9 

AUG2021.pdf 62a125e26ffdcc1322b35c343e602011c1c6 
887f 

Warnings: 
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Information: 

317996 

8 Non Patent Literature 
Yi_Office-Action-

no 10 
US 16000764_22APR2020.pdf 

c4afad0126292828020fedabbdd0fef711c0 
8a99 

Warnings: 

Information: 

427753 

9 Non Patent Literature 
Yi_Notice-of-Allowance-

no 8 
US 16000764_24AUG2020.pdf 

1 e6e6c64d9396682635fa45535b8a8f9f7b9 
4224 

Warnings: 

Information: 

Total Files Size (in bytes) 23174393 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronically filed November 29, 2021 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: 

Serial No.: 

Filed: 

For: 

YI et al. 

17/061,427 

October 1, 2020 

Porous Film And Lithium-Ion 
Battery 

Confirmation No.: 1915 

Art Unit: OPAP 

Examiner: Central Docket 

Attorney Docket No.: 024607-02-5054-US 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In accordance with the duty of disclosure provisions of 37 C.F.R. § 1.56, there is hereby 
provided certain information which the Examiner may consider material to the examination of the 
subject U.S. patent application. It is requested that the Examiner make this information of record if it 
is deemed material to the examination of the application. 

1. Enclosures accompanying this Information Disclosure Statement are: 

2. 

la. IZJ A list of all patents, publications, applications, or other information submitted for 
consideration by the office. 

lb. A legible copy of: 

IZJ Each foreign patent; 

D Each publication or that portion which caused it to be listed on the PTO-1449; 

D For each cited pending U.S. application, the application specification including 
the claims, and any drawing of the application, or portion of the application which 
caused it to be listed on the PTO-1449 including any claims directed to that portion; 

IZJ all other information or portion which caused it to be listed on the PTO-1449. 

le. D An English language copy of search report(s) from a counterpart foreign 
application or PCT International Search Report. 

ld. D Explanations ofrelevancy (ATTACHMENT l(d), hereto) or English language 
abstracts of the non-English language publications. 

IZI This Information Disclosure Statement is filed under 37 C.F.R. § l.97(b): 

D Within three months of the filing date of a national application other than a 
continued prosecution application under §1.53(d); 

DB2/ 42113167.1 
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3. 

4. 

5. 

□ 

D Within three months of the date of entry of the national stage as set forth in 
§ 1. 491 in an international application; 

1:8:1 Before the mailing of the first Office action on the merits; 

D Before the mailing of a first Office action after the filing of a request for 
continued examination under § 1.114. 

This Information Disclosure Statement is filed under 37 C.F.R. § l.97(c) after the 
period specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final 
action under 37 C.F.R. §1.113, a notice of allowance under 37 C.F.R. §1.311 or an 
action that otherwise closes prosecution in the application. 

(Check either Item 3a, 3b, 3c or 3d) 

3a. D The Certification Statement in Item 5 below is applicable. Accordingly, no fee is 
required. 

3b. D The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 
Account No. 50-0310 (order no. ). 

3c. D The $130 (small entity) fee set forth in 37 C.F.R. § l. l 7(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 
Account No. 50-0310 (order no. ). 

3d. D The $65 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 

□ 

Account No. 50-0310 (order no. ). 

(Items 3b or 3c to be checked if any reference known for more than 3 months) 

This Information Disclosure Statement is filed under 37 C.F.R. § l.97(d) after the 
period specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the 
issue fee. 

(Check Item 4a, and 4b, 4c or 4d) 

4a. D The Certification Statement in Item 5 below is applicable. 

4b. D The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 
Account No. 50-0310 (order no. ). 

4c. D The $130 (small entity) fee set forth in 37 C.F.R. § l. l 7(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 
Account No. 50-0310 (order no. ). 

4d. D The $65 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Morgan, Lewis & Bockius LLP Deposit 

□ 

Account No. 50-0310 (order no. ). 

Certification Statement (applicable if Item 3a or Item 4a is checked) 

(Check either Item 5a, 5b, 5c or 5d) 

DB2/ 42113167.1 2 
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6. 

7. 

8. 

5a. D In accordance with 37 C.F.R. § l.97(e)(l), it is certified that each item of 
information contained in this information disclosure statement was first cited in a 
communication from a foreign patent office in a counterpart foreign application 
not more than three months prior to the filing of this Information Disclosure 
Statement. 

5b. D In accordance with 37 C.F.R. § l.97(e)(2), it is certified that no item of 
information contained in the information disclosure statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, 
and, to the knowledge of the person signing the certification after making 
reasonable inquiry, no item of information contained in the information 
disclosure statement was known to any individual designated in 37 C.F.R. 
§1.56(c) more than three months prior to the filing of this information disclosure 
statement. 

Sc. D Each item of information contained in this information disclosure statement was 
cited in a communication from a foreign patent office in a counterpart 
application, and the communication was not received by any individual 
designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of this 
information disclosure statement. 

5d. D Pursuant to 37 C.F.R. §1.704(d), each item of information contained in this 
information disclosure statement was cited in a communication from a foreign 
patent office in a counterpart application, and the communication was not 
received by any individual designated in 37 C.F.R. §1.56(c) more than thirty 
days prior to the filing of this information disclosure statement. 

~ 

□ 

Copies of each cited U.S. patent and each U.S. patent application publication are not 
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the 
requirement under 37 C.F.R. l.98(a)(2)(i) for U.S. patent applications filed after June 
30, 2003. 

This application is a continuation application under 37 C.F.R. §1.53(b) or (d). 

(Check appropriate Items 7a, 7b and/or 7c) 

7a. D A Petition to Withdraw from issue under 37 C.F.R. § 1.313(b)(5) is concurrently 
filed herewith. 

7b. D Copies of publications listed on Form PTO-1449 from prior application Serial 
No. , filed on , of which this application claims priority under 35 
U.S.C. §120, are not being submitted pursuant to 37 C.F.R. § l.98(d). 

7c. D Copies of the publications listed on the attached Form PTO-1449 that were not 
previously cited in prior application Serial No. , filed on , are 
provided herewith. 

□ This is a Supplemental Information Disclosure Statement. (Check Item 8a) 

8a. D This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(f) 
supplements the Information Disclosure Statement filed on . A bona fide 
attempt was made to comply with 37 C.F.R. § 1.98, but inadvertent omissions 
were made. These omissions have been corrected herein. Accordingly, 
additional time is requested so that this Supplemental Information Disclosure 
Statement can be considered as if properly filed on 
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9. 

10. 

11. 

□ In accordance with 37 C.F.R. §1.98, a concise explanation of what is presently 
understood to be the relevance of each non-English language publication is: 

(Check Item 9a, 9b, or 9c) 

9a. D satisfied because all non-English language publications were cited on the 
enclosed English language copy of the PCT International Search Report or the 
search report from a counterpart foreign application indicating the degree of 
relevance found by the foreign office. 

9b. D set forth in the application. 

9c. D enclosed as an attachment hereto. 

18] 

18] 

The Commissioner is authorized to charge any additional fee required or credit any 
overpayment for this Information Disclosure Statement and/or Petition to Morgan, 
Lewis & Bockius LLP Deposit Account No. 50-0310 ( order no. 024607-02-5054-US). 

No admission is made that the information cited in this Statement is, or is considered 
to be, material to patentability nor a representation that a search has been made ( other 
than a search report of a foreign counterpart application or PCT International Search 
Report if submitted herewith). 37 C.F.R. §§1.97(g) and (h). 

Respectfully submitted, 

Date: November 29, 2021 Nalei Sun/ 57,765 

DB2/ 42113167.1 

Yalei Sun 
MORGAN, LEWIS & BOCKIUS LLP 

1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 

4 

(Reg. No.) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

17/061,427 

24341 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

10/01/2020 

Title:POROUS FILM AND LITHIUM-ION BATTERY 

Publication No.US-2021-0020981-A 1 
Publication Date:0 1/21/2021 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET '1O./TITLE 

Jianjian YI 024607 -02-5054-us 
CONFIRMATION NO. 1915 

PUBLICATION NOTICE 

11111111111111111 lllll ll]~!l]!U~IU!~~~!l)Hll lllll lllll lllll llll llll 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

17/061,427 

24341 

FILING or 
37l(c)DATE 

10/01/2020 

GRPART 

UNIT 

1727 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

FIL FEE REC'D 

1880 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

024607-02-5054-US 19 2 
CONFIRMATION NO. 1915 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!~l~HIIII IIIII IIIII IIIII IIII IIII 

Date Mailed: 11/10/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 

Applicant(s) 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
Xinghua TAO, Ningde City, CHINA; 

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/000,764 06/05/2018 PAT 10833355 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CH I NA 201810322931 .1 04/11/2018 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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Projected Publication Date: 01/21/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

POROUS FILM AND LITHIUM-ION BATTERY 

Preliminary Class 

429 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET '1O./TITLE 

17/061,427 10/01/2020 Jianjian YI 024607-02-5054-US 

24341 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 

CONFIRMATION NO. 1915 
37 CFR 1.48(f) 
ACKNOWLEDGEMENT LETTER 

111111111111111111111111]~!1]i~1i~1uuHum11111111111111111111111111 Palo Alto, CA 94304-1124 

Date Mailed: 11/10/2020 

NOTICE OF ACCEPTANCE OF REQUEST UNDER 37 CFR 1.48(f) 

This is in response to the applicant's request under 37 CFR 1.48(f) submitted on 11/06/2020. 

The request under 37 CFR 1.48(f) to correct the inventorship, to correct or update the name of an inventor, or to 
correct the order of names of joint inventors is accepted. 

/hsarwari/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Doc Code: R48.REQ 
Document Description: Request under Rule 48 correcting inventorship 

r 

\... 

PTO/AIA/40 (04-18) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

REQUEST FOR CORRECTION IN A 
PATENT APPLICATION RELATING TO 
INVENTORSHIP OR AN INVENTOR 

NAME, OR ORDER OF NAMES, OTHER 
THAN IN A REISSUE APPLICATION (37 

CFR 1.48) 

Application Number 

Filing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Practitioner Docket 

Number 

17/061,427 

October 1, 2020 

Jianjian YI et al 

1727 

To be assigned 

024607-02-5054-US _) 

To: Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Applicant hereby requests that the inventorship be corrected or changed, or that the name of the inventor or a joint inventor, or the order of 

the names of joint inventors, be changed, in the above-identified application. Note: 37 CFR 1.48 applies to any request to correct inventorship 

filed on or after September 16, 2012, regardless of the application filing date. Do not submit this form after payment of the issue fee or if the 

application has been patented. See 37 CFR 1.324 for correction of inventorship in a patent. 

Please check the applicable box(es) below. 

For a nonprovisional application: 

D 1. This request is to correct or change the inventorship in a nonprovisional application (under 37 CFR 1.48(a)) and includes: 

D An application data sheet (ADS) in accordance with 37 CFR 1. 76(c) with the corrected or updated information shown with markings 

(e.g., underlining for insertions, strikethrough for deletions). See the Manual of Patent Examining Procedure (MPEP) section 

601.0S(a) for information about filing an ADS in an application filed on/after September 16, 2012. For information about filing a 

Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.0S(b). 

D The processing fee set forth in 37 CFR 1.17(i). $ _______ _ 

D An inventor is being added. An inventor's oath or declaration by any actual inventor who has not yet executed an oath or declaration 

is required (see 37 CFR 1.48(b)). See MPEP 602.0l(a) for information about an inventor's oath or declaration for an application filed 

on/after September 16, 2012 (e.g., form PTO/AIA/01). For information about an inventor's oath or declaration for an application 

filed before September 16, 2012 (e.g., form PTO/SB/01), see MPEP 602.0l(b). 

D This request is being filed after the first Office action on the merits has been given or mailed (see 37 CFR 1.48(c) and 1.17(d)). Check 

one of the following: 

D This request to correct or change the inventorship is due solely to the cancellation of claims in the application. 

OR 

D The fee set forth in 37 CFR 1.17(d) is due (in addition to the fee set forth in 37 CFR 1.17(i)). $ ________ _ 

[Page 1 of 2] 

This collection of information is required by 37 CFR 1.48. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 hour to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount chime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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PTO/AIA/40 (04-18) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

REQUEST FOR CORRECTION IN A PATENT APPLICATION RELATING TO INVENTORSHIP OR AN 
INVENTOR NAME, OR ORDER OF NAMES, OTHER THAN IN A REISSUE APPLICATION 

(37 CFR 1.48) 

Iii 2. This request is to correct or update the name of the inventor or a joint inventor, or the order of names of joint inventors, in a 
nonprovisional application (under 37 CFR 1.48(f)) and includes: 

Ii] An application data sheet in accordance with 37 CFR 1.76(c) identifying the complete inventive entity, including the corrected or 
updated name of the inventor, or the new order of names shown with markings (e.g., underlining for insertions, strikethrough for 
deletions). See the MPEP 601.0S(a) for information about filing an ADS in an application filed on/after September 16, 2012. For 
information about filing a Supplemental ADS in an application filed before September 16, 2012, see MPEP 601.0S(b). 

Ii] The processing fee set forth in 37 CFR 1.17(i). $ 140 

For a provisional application: 
D This request is to change or correct the inventorship, or correct or update the name of the inventor or a joint inventor, in a provisional 

application (under 37 CFR 1.48(d)) and includes: 

D Attached hereto is a document that is signed by a party set forth in 37 CFR 1.33(b) and identifies each inventor by his or her legal 
name, in the preferred order. Note: the document may be an application data sheet in accordance with 37 CFR 1.76(c) that 
identifies the changes with markings (underlining for insertions, strikethrough for deletions). 

D The processing fee set forth in 37 CFR 1.17(q). $ ________ _ 

Fee Payment Information: 
D Applicant asserts small entity status. See 37 CFR 1.27. 

D Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously 

D A check in the amount of the fee is enclosed. 

D Payment by credit card. Form PTO-2038 is attached. 

Ii] The Director is hereby authorized to charge any fees which may be required, or credit any overpayment 

to Deposit Account No. 50-0310 (o,decno. 024607-02-5054-US) 

Ii] Payment made via EFS-Web. 

WARNING: Information on this form may become public. Credit card information should not be included 
on this form. Provide credit card information and authorization on PTO-2038. 

I am the 

D Applicant• D attorney or agent of record Ii] attorney or agent acting under 37 CFR 1.34 

Registration number ______ _ Registration number _5_7_, 7_6_5 ___ _ 

Signature /Yalei Sun/ 
Typed or printed name _Y_a_le_i_S_u_n _____________________________________ _ 

Date November 6, 2020 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. *Juristic entities 
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after September 16, 2012 that is presented 
on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see below••. 

Ii] •• Total of 1 forms are submitted. 

[Page 2 of 2] 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in 
the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be required 
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system 
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual 
Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to 
the public if the record was filed in an application which became abandoned or in which the proceedings 
were terminated and which application is referenced by either a published application, an application 
open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 17061427 

Filing Date: 01-0ct-2020 

Title of Invention: POROUS FILE AMD LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Filer: Yalei Sun/Jacqueline Yu 

Attorney Docket Number: 024607-02-5054-US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 140 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 211 of 297

Electronic Acknowledgement Receipt 

EFSID: 41062483 

Application Number: 17061427 

International Application Number: 

Confirmation Number: 1915 

Title of Invention: POROUS FILE AMD LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Customer Number: 24341 

Filer: Yalei Sun 

Filer Authorized By: 

Attorney Docket Number: 024607-02-5054-US 

Receipt Date: 06-NOV-2020 

Filing Date: 01-OCT-2020 

Time Stamp: 18:33:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $140 

RAM confirmation Number E2020A6I34381343 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

3762693 

024607-02-5054-
1 US_Request_for_Corrected_Fili yes 18 

ng_Receipt.pdf 684044635664856d 1 e 1 cb32ed333e9df1 dS 
3be11 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Application Data Sheet 11 18 

Miscellaneous Incoming Letter 8 10 

Request under Rule 48 correcting inventorship 5 7 

Oath or Declaration filed 4 4 

Miscellaneous Incoming Letter 3 3 

Request for Corrected Filing Receipt 1 2 

Warnings: 

Information: 

30504 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
efb5cdba47b3018358ee7a522f68a655987 

3a9a3 

Warnings: 

Information: 

Total Files Size (in bytes) 3793197 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 214 of 297

SUPPLEMENTAL ADS 

PTO/AIA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 

Under tile Paperwork Reduction Act of 1995, no persons are required to respond !o a co!lection of information unless it contains a valid 011118 con!rol number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061,427 

Title of Invention 
I 

POROUS FILM AND LITHIUM-ION BATTERY 

The application data sheet is part of the provisional or nor.provisional application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnpt;ic data arranged in a format specified tiy the United States Patent and Trademark Office as outlined in 37 CFR 1.76 
This document may tie completed electronically and sutJmitted to the Office in electronic format using the Electronic Filing System (EFS) or tt1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

! D Portions or all of tile application associated with tllis Application Data Sheet may fall under a Secrecy Order pursuant to 
! • 37 CFR 5.2 (Paper filers only. Applications that tall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !? i.@ij@ift! ?l 
Legal Name 

Prefix Given Name Middle Name Family Name ! Suffix 

Jianjian YI ! 
Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Ningde City !Country of Residence i 
I ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 ! Countryi I CN 

Inventor 2 !t tMn.~~~ tl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Xinzhi ZHANG 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Miiitary Service 

City Ningde City lcountry of Residence i ICN 
I 

Mailing Address of Inventor: 

Address 1 No. 1 , Xingang Road 

Address 2 Zhangwan Town, Jiaoclleng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 I Countryi I CN 

Inventor 3 !? i.@ij@ift! ?l 
Legal Name 

EFS Web 2.2.12 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061,427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Prefix Given Name Middle Name Family Name I 
Zengbin WEi I 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Ningde City lcountry of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1 , Xingang Road 

Address 2 Zhangwan Town, Jiaocl1eng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 I Countryi I CN 

Inventor 4 I i~rn~@ l 
Legal Name 

Prefix Given Name Middle Name Family Name 

'§'f\~'\Tu'fr" Xinghua TAO 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Military Service 

City Ningde City !Country of Residence i 
I 

ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 ! Countryi I CN 

All Inventors Must Be listed - Additional Inventor Information blocks may be 
It generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 24341 

Email Address 

EFS\/Veb2.2.12 

}\ijg ti 

Suffix 

Suffix 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061,427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Application Information: 

Title of the Invention POROUS FILM AND LITHIUM-ION BATTERY 

Attorney Docket Number 024607-02-5054-US I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utiiity 

Total Number of Drawing Sheets (if any) I 3 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
Only cornplete this sec!ion whE,n fllinq an application by rE,ference undE;r 35 USC 1 ·11 (c) and 37 CFR 1.57(a). Do not c:omple,te this section if 
application papers including a specification and any drawings are being flied. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., 0 Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For thE, purpos,~s of a filin~J datE, unde,r 37 CFR 1.53(b), thE, dE,scription and any drawings of the, present application are, rE,placed by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application nurnbe,r of the, previously Filin;J dat,~ (YYYY-MM-DD) ln!ell,~ctual Property Authority or Country 
filed applica!ion 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I t1ereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in tile Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 

i--

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative information during processing. 

Please Select One: @ Customer Number 10 US Patent Practitioner I 0 Limited Recognition (37 CFR 11.9) 

Customer Number 24341 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061.427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in H1e Application Data Strnet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave Hie "Application Number" field blank. 

Prior Application Status Pending I RW~ili\\@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 16000764 2018-06-05 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes tile claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. \/Vhen priority is claimed to a foreign application 

that is eligible for retrieval under tile priority document excllange program (PDX)i tile information wiii be used by tile Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from tile participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1 55(g)(1) 

ERW~@~ml 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

201810322931.1 CN 2018-04-11 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention Urnt has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or alter March 
16, 2013, will be examined under the first inventor to file provisions of the AIA 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061,427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to U1e instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

!\.!_Q_It;: This section of the Application Data Sheet is QN_LY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data St1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange _(PDXJ - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any 0U1er foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliograpt1ic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that U1e EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
tt1e instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B, Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othervvise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1 .14. 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/061,427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

tt @!~® ?I 
r---. Assignee 

I 0 Legal Representative under 35 U.S.C. 117 lo Joint Inventor V 

r---. Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest V 
I 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
lftt1e Applicant is an Organization ct1eck here. ~ 
Organization Name 

I NINGDE AMPEREX TECHNOLOGY LIMITED 

Mailing Address Information For Applicant: 

Address 1 No. 1 Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City Nlngde City State/Province FJ 

Country I CN Postal Code 352100 

Phone Number Fax Number 

Email Address 

!Additional Applicant Data may be generated within this form by selecting the Add button" 
I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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SUPPLEMENTAL ADS 

PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/0611427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an appiicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application ~n~ either box A or B is @1 checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, fill joint inventors wt10 are the applicant, or one or more joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of ~H joint inventor-applicants. 

See 37 CFR 1.4(d) for U1e manner of making signatures and certifications. 

Signature /Yalei Sun/ Date (YYYY-MM-DD) 2020-11-06 

First Name Yalei I Last Name ! Sun 
i 

Registration Number 57765 

Additional Signature may be generated within U1is form by selecting the Add button. 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

SUPPLEMENTAL ADS U.S. Patent and TrademarkOilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 17/0611427 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to tile USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Electronically filed November 6, 2020 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Jianjian YI et al. 

Serial No.: 17/061,427 

Filed: October 1, 2020 

For: POROUS FIIM AMD LITHIUM­
JON BATTERY 

Confirmation 
No.: 

Art Unit: 

Examiner: 

1915 

1727 

To be Assigned 

Attorney Docket No: 024607-02-5054-US 

RESPONSE TO THE INFORMATIONAL NOTICE TO APPLICANT AND 
REQUEST FOR CORRECTED FILING RECEIPT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In response to the Informational Notice of Applicant mailed October 14, 2020, enclosed is a 

copy of the Informational Notice to Applicant and a copy of the executed Declaration from Inventor 

Xinghua TAO previously filed with the application on October 1, 2020. 

The Applicant respectfully requests that a Corrected Filing Receipt be issued reflecting the 

following corrections to be made to the application to update Inventor's name, Zinghua TAO, to 

Xinghua TAO. 

<Markup> 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
Z.inghua Xinghua TAO, Ningde City, CHINA 

<Clean> 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
Xinghua TAO, Ningde City, CHINA 

Attached is the Request to Correct Inventor Name under Rule 48, a marked-up copy of the 

Filing Receipt mailed October 14, 2020, and a Supplemental Application Data Sheet reflecting the 

desired change. 

The Applicant also respectfully requests that the typographical errors in the Title of the Filing 

Receipt be corrected to show as "POROUS FILM AND LITHIUM-ION BATTERY." The Title is 
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correctly spelled as shown in the application documents filed on October 1, 2020 and in the attached 

Supplemental Application Data Sheet. 

The Commissioner is hereby authorized to charge any required fees or credit any 

overpayments to Morgan, Lewis & Bockius LLP Deposit Account No. 50-0310 (order no. 024607-02-

5054-US). 

Date: November 6, 2020 

Respectfully submitted, 

Nalei Sun/ 
Yalei Sun 
MORGAN, LEWIS & BOCKIUS LLP 
1400 Page Mill Road 
Palo Alto, CA 94304 
Phone: (650) 843-4000 

57,765 
(Reg. No.) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/061,427 

24341 

FILING OR 3 71 (C) DATE 

10/01/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET '1O./TITLE 

Jianjian YI 024607 -02-5054-us 
CONFIRMATION NO. 1915 

INFORMAL NOTICE 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 1111111111111111111111 m~!l]!U~l!~l~ilHH~ 11111111111111111111111 

Palo Alto, CA 94304-1124 

Date Mailed: 10/14/2020 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s) as 
named on the application data sheet: 

Zinghua TAO 
An inventor's oath or declaration in compliance with 37 CFR 1 .63 or 1.64 executed by or with respect to 
each inventor must be submitted no later than the date on which the issue fee is paid in response to a notice 
requiring such fee. See 37 CFR 1.53(f). 
If the name of the inventor provided on the ADS is not correct, applicant must submit a request to correct the 
inventor name according to 37 CFR 1.48(f), accompanied by the appropriate fee under 37 CFR 1. 17(i) and a 
corrected ADS in compliance with 37 CFR 1.76(c), i.e., identifying the information that is being changed with 
underlining for insertions, and strike-through or brackets for text removed. 

/thadera/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Marked Up Filing Receipt 

UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

17/061,427 10/01/2020 1778 1880 024607-02-5054-US 19 2 

24341 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

CONFIRMATION NO. 1915 
FILING RECEIPT 

1111111111111111111111 m~mll!~l~iWl!H~ 11111111111111111111111 

Date Mailed: 10/14/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 

Applicant(s) 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
'~)'i~Tu"-tt"°f-AB-, Ningde City, CHINA; Xinghua TAO 

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/000,764 06/05/2018 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CH I NA 201810322931 .1 04/11/2018 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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Marked Up Filing Receipt 

If Required, Foreign Filing License Granted: 10/13/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/061,427 

Projected Publication Date: 01/21/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

"l~'S~f:::--i't-E~'A)\t&'lt-'ft·+t~tM·~--Ie~o..13-ATf'E~Y-~ POROUS FILM AND LITHIUM-ION BATTERY 

Preliminary Class 

210 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the US PTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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Marked Up Filing Receipt 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Se/ectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 17/061,427 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 19 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 480 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1820 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus 

... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 
~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

17/061,427 

24341 

FILING or 
37l(c)DATE 

10/01/2020 

GRPART 

UNIT 

1778 

Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 
Palo Alto, CA 94304-1124 

FIL FEE REC'D 

1880 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

024607-02-5054-US 19 2 
CONFIRMATION NO. 1915 

FILING RECEIPT 

1111111111111111111111 m~mll!~l~iWl!H~ 11111111111111111111111 

Date Mailed: 10/14/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 

Applicant(s) 

Jianjian YI, Ningde City, CHINA; 
Xinzhi ZHANG, Ningde City, CHINA; 
Zengbin WEI, Ningde City, CHINA; 
Zinghua TAO, Ningde City, CHINA; 

NINGDE AMPEREX TECHNOLOGY LIMITED, Ningde City, CHINA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/000,764 06/05/2018 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CH I NA 201810322931 .1 04/11/2018 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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If Required, Foreign Filing License Granted: 10/13/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 17/061,427 

Projected Publication Date: 01/21/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

POROUS FILE AMO LITHIUM-ION BATTERY 

Preliminary Class 

210 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/061,427 

24341 

FILING OR 3 71 (C) DATE 

10/01/2020 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET '1O./TITLE 

Jianjian YI 024607 -02-5054-us 
CONFIRMATION NO. 1915 

INFORMAL NOTICE 
Morgan, Lewis & Bockius LLP (PA) 
1400 Page Mill Road 1111111111111111111111 m~!l]!U~l!~l~ilHH~ 11111111111111111111111 

Palo Alto, CA 94304-1124 

Date Mailed: 10/14/2020 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s) as 
named on the application data sheet: 

Zinghua TAO 
An inventor's oath or declaration in compliance with 37 CFR 1 .63 or 1.64 executed by or with respect to 
each inventor must be submitted no later than the date on which the issue fee is paid in response to a notice 
requiring such fee. See 37 CFR 1.53(f). 
If the name of the inventor provided on the ADS is not correct, applicant must submit a request to correct the 
inventor name according to 37 CFR 1.48(f), accompanied by the appropriate fee under 37 CFR 1. 17(i) and a 
corrected ADS in compliance with 37 CFR 1.76(c), i.e., identifying the information that is being changed with 
underlining for insertions, and strike-through or brackets for text removed. 

/thadera/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 233 of 297

United States Patent and Trademark Office 

Document Code:VVFEE 

User :C469·10 

Sale Accounting Date:i 0/i 3/2020 

Sale Item Reference Number 
17061427 

Qfjfrc ('.f the Chi~f foumclal Qjjfrer 

Effective Date 
10/01/2020 

Document Number 
I20200C034183537 

Fee Code Fee Code Description Amount Paid 
1051 LATE FILING FEE FOR OATH OR $160.00 

DECLARATION 

Payment Method 
Deposit Account 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 234 of 297

PTO/AIA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 

Under tile Paperwork Reduction Act of 1995, no persons are required to respond !o a co!lection of information unless it contains a valid 011118 con!rol number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
I 

POROUS FILM AND LITHIUM-ION BATTERY 

The application data sheet is part of the provisional or nor.provisional application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnpt;ic data arranged in a format specified tiy the United States Patent and Trademark Office as outlined in 37 CFR 1.76 
This document may tie completed electronically and sutJmitted to the Office in electronic format using the Electronic Filing System (EFS) or tt1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

! D Portions or all of tile application associated with tllis Application Data Sheet may fall under a Secrecy Order pursuant to 
! • 37 CFR 5.2 (Paper filers only. Applications that tall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !? i.@ij@ift! ?l 
Legal Name 

Prefix Given Name Middle Name Family Name ! Suffix 

Jianjian YI ! 
Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Ningde City !Country of Residence i 
I ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 ! Countryi I CN 

Inventor 2 !t tMn.~~~ tl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Xinzhi ZHANG 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Miiitary Service 

City Ningde City lcountry of Residence i ICN 
I 

Mailing Address of Inventor: 

Address 1 No. 1 , Xingang Road 

Address 2 Zhangwan Town, Jiaoclleng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 I Countryi I CN 

Inventor 3 !? i.@ij@ift! ?l 
Legal Name 

EFS Web 2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Prefix Given Name Middle Name Family Name I 
Zengbin WEi I 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Ningde City lcountry of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1 , Xingang Road 

Address 2 Zhangwan Town, Jiaocl1eng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 I Countryi I CN 

Inventor 4 I i~rn~@ l 
Legal Name 

Prefix Given Name Middle Name Family Name 

Zinghua TAO 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Military Service 

City Ningde City !Country of Residence i 
I 

ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City I Ningde City I State/Provi nee I FJ 

Postal Code I 352100 ! Countryi I CN 

All Inventors Must Be listed - Additional Inventor Information blocks may be 
It generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 24341 

Email Address 

EFS\/Veb2.2.12 

}\ijg ti 

Suffix 

Suffix 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Application Information: 

Title of the Invention POROUS FILM AND LITHIUM-ION BATTERY 

Attorney Docket Number 024607-02-5054-US I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utiiity 

Total Number of Drawing Sheets (if any) I 3 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
Only cornplete this sec!ion whE,n fllinq an application by rE,ference undE;r 35 USC 1 ·11 (c) and 37 CFR 1.57(a). Do not c:omple,te this section if 
application papers including a specification and any drawings are being flied. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., 0 Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For thE, purpos,,s of a filin~J datE, unde,r 37 CFR 1.53(b), thE, dE,scription and any drawings of the, present application are, rE,placed by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application nurnbe,r of the, previously Filin;J date (YYYY-MM-DD) ln!ellectual Property Authority or Country 
filed applica!ion 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I t1ereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in tile Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 

i--

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative information during processing. 

Please Select One: @ Customer Number 10 US Patent Practitioner I 0 Limited Recognition (37 CFR 11.9) 

Customer Number 24341 

EFS\/Veb2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in H1e Application Data Strnet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave Hie "Application Number" field blank. 

Prior Application Status Pending I RW~ili\\@I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 16000764 2018-06-05 

Additional Domestic Benefit/National Stage Data may be generated within this form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes tile claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. \/Vhen priority is claimed to a foreign application 

that is eligible for retrieval under tile priority document exchange program (PDX)i tile information wiii be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from tile participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1 55(g)(1) 

ERW~@~ml 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

201810322931.1 CN 2018-04-11 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention Urnt has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or alter March 
16, 2013, will be examined under the first inventor to file provisions of the AIA 

EFS\/Veb2.2.12 
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PTO/AiA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to U1e instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

!\.!_Q_It;: This section of the Application Data Sheet is QN_LY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data St1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange _(PDXJ - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any 0U1er foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliograpt1ic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that U1e EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
tt1e instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B, Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othervvise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1 .14. 
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Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

tt @!~® ?I 
r---. Assignee 

I 0 Legal Representative under 35 U.S.C. 117 lo Joint Inventor V 

r---. Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest V 
I 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I I 
lftt1e Applicant is an Organization ct1eck here. ~ 
Organization Name 

I NINGDE AMPEREX TECHNOLOGY LIMITED 

Mailing Address Information For Applicant: 

Address 1 No. 1 Xingang Road 

Address 2 Zhangwan Town, Jiaocheng Zone 

City Nlngde City State/Province FJ 

Country I CN Postal Code 352100 

Phone Number Fax Number 

Email Address 

!Additional Applicant Data may be generated within this form by selecting the Add button" 
I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an appiicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 

Countryi I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application ~n~ either box A or B is @1 checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, fill joint inventors wt10 are the applicant, or one or more joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of ~U joint inventor-applicants. 

See 37 CFR 1.4(d) for U1e manner of making signatures and certifications. 

Signature /Yalei Sun/ Date (YYYY-MM-DD) 2020-10-01 

First Name Yalei I Last Name I Sun Registration Number 57765 

Additional Signature may be generated within U1is form by selecting the Add button. 
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Attorney Docket Number 024607-02-5054-US 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I POROUS FILM AND LITHIUM-ION BATTERY 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to tile USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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POROUS FILM AND LITHIUl\1-ION BATTERY 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation application ofU.S. Patent Application No. 

16/000,764, filed on June 5, 2018, which claims priority to Chinese Patent Application No. 

201810322931.1 filed on April 11, 2018, the contents of which are incorporated by reference 

herein. 

TECHNICAL FIELD 

[0002] The present application relates to the field of energy storage devices, and in 

particular, to a porous film and a lithium-ion battery. 

BACKGROUND 

[0003] Non-aqueous secondary batteries, particularly lithium-ion batteries, are widely 

used in portable electronic devices such as notebook computers, digital cameras, camcorders, 

and cellphones due to their high energy density and good rate performance. In recent years, 

the application oflithium-ion batteries as the power supply for new energy vehicles is also 

promoting the development oflithium-ion battery technology. In the cycle process of the 

lithium-ion battery, with the progress of charging and discharging, a gap will be created 

between the electrode and the separator, resulting in a reduction of the cycle capacity of the 

lithium-ion battery and thereby having an influence on its service life. Therefore, there is an 

urgent need for a technical solution to solve the problem of the gap issue between the 

separator and the electrode so as to improve the service life of the lithium-ion battery. 

SUMMARY OF THE APPLICATION 

[0004] In order to solve the problem in the prior art, a porous film and a lithium-ion 

battery are provided according to the present application. 

[0005] According to a first aspect of the application, a porous film is provided, including: 

a binder; and inorganic particles, wherein the porous film contains pores formed by the 
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binder, the pores at least includes a part of the inorganic particles, and the average wall 

thickness between the pores is in a range of 20 nm to 500 nm. 

[0006] In the porous film described above, the porous film has an average pore size of 0.3 

µm to20 µm. 

[0007] In the porous film described above, the inorganic particles have particle sizes such 

that particle size having a volume accumulation of 10% (Dvl0) is in a range of 0.015 µm to 3 

µm, particle size having a volume accumulation of 50% (Dv50) is in a range of 0.2 µm to 5 

µm, and particle size having a volume accumulation of 9m·'<> (Dv90) is in a range of 1 µm to 

10 µm. Particle size having a volume accumulation of 10% (Dvl0) refers to particle sizes 

which reach 10% of the cumulative volume from the side of small particle size in the 

granularity distribution on a volume basis. Particle size having a volume accumulation of 

50% (Dv50) refers to particle sizes which reach 50% of the cumulative volume from the side 

of small particle size in the granularity distribution on a volume basis. Particle size having a 

volume accumulation of 90% (Dv90) refers to particle sizes which reach 90% of the 

cumulative volume from the side of small particle size in the granularity distribution on a 

volume basis. 

[0008] In the porous film described above, particle size having a volume accumulation of 

10% (Dvl0) is less than particle size having a volume accumulation of 50% (Dv50), and 

particle size having a volume accumulation of 50% (Dv50) is less than particle size having a 

volume accumulation of 90% (Dv90). 

[0009] In the porous film described above, the particle sizes of the inorganic particles 

satisfy that: the ratio of particle size having a volume accumulation of 90% (Dv90) to particle 

size having a volume accumulation of 10% (Dvl0) is in a range of 2 to 100. 

[0010] In the porous film described above, a pore size distribution coefficient (D) of the 

pores in the porous film is in a range of 1 to 5. 

[0011] In the porous film described above, the inorganic particles are at least one of 

alumina, silica, magnesia, titanium oxide, hafnium dioxide, tin oxide, cerium dioxide, nickel 

oxide, zirconia, zinc oxide, calcium oxide, boehmite, aluminum hydroxide, magnesium 

hydroxide, calcium hydroxide, and barium sulfate. 

024607-02-5054-US 2 
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[0012] In the porous film described above, the binder is at least one of polyvinylidene 

fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, 

polyacrylate, polyacrylic acid, polyacrylic acid salt, sodium carboxymethylcellulose, 

polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and 

poly hexafl uoropropy 1 ene. 

[0013] In the porous film described above, the porous film has a porosity of 20% to 90%, 

and the porous film has a thickness of 0.2 to 10 µm. 

[0014] In the porous film described above, a volume ratio of the inorganic particles to the 

binder is in a range of 0.2 to 3.0. 

[0015] According to a second aspect of the application, a lithium-ion battery is provided, 

including: a positive electrode; a negative electrode; a separator arranged between the 

positive electrode and the negative electrode; and non-aqueous electrolyte; and a porous film, 

wherein the porous film is the porous film according to the first aspect of the application. 

[0016] In the lithium-ion battery described above, the porous film is arranged on a 

surface of at least one of the positive electrode, the negative electrode and the separator. 

[0017] The porous film provided by the application has excellent adhesion, and 

meanwhile the pore structure of the porous film can still be well maintained after being 

immersed in the electrolyte, thereby reducing the probability of pore blockage of the porous 

film and enabling the porous film to have high ionic conductivity. Therefore, the rate 

performance of the lithium-ion battery is greatly improved, and the provided lithium-ion 

battery has excellent rate performance and cycle performance. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

[0018] Fig 1 is an electronic microscope image (1000 times magnification) of the pore 

structure of the lower surface (namely, the surface of the porous film away from the porous 

substrate) of the porous film according to example 3. 

[0019] Fig 2 is an electronic microscope image (5000 times magnification) of the pore 

structure of the lower surface of the porous film according to example 3. 

[0020] Fig 3 is an electronic microscope image (1000 times magnification) of the pore 
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structure of the lower surface of the porous film according to comparative example 3. 

[0021] 

DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES 

Exemplary examples will be described in details below. While these exemplary 

examples may be implemented in various forms, the application should not be construed as 

limited to the examples of the application set forth herein. Rather, these examples are 

provided with the purpose of making the disclosure of the application thorough and complete 

and fully conveying the scope of the application to those skilled in the art. 

[0022] According to a first aspect of the present application, a porous film is provided, 

including a binder and inorganic particles of different particle sizes, and the inorganic 

particles are fixed by the binder. Since the porous film includes the binder, the porous film 

has good adhesion, which can prevent the porous film from detaching during the use of the 

lithium-ion battery, and enables the lithium-ion battery to have a high safety performance. 

Moreover, the average pore size of the porous film is larger and the pore sizes are distributed 

uniformly, so that the porous film has good electrolyte diffusion and absorption capability 

and high ionic conductivity, the polarization reaction inside the lithium-ion battery can be 

reduced, thereby improving the rate performance of the lithium-ion battery. In addition, since 

the average wall thickness between the adjacent pores in the porous film is low, the binder 

(usually a polymer, for example, polyvinylidene fluoride) can be prevented from swelling in 

the electrolyte and blocking the pores of the porous film after the porous film is subjected to 

the soaking process in the electrolyte during the preparation of the lithium-ion battery. 

Therefore, the pore structure in the porous film can be more retained, smoothness of the 

lithium ion transport channel is ensured, and the polarization reaction inside the lithium-ion 

battery is reduced, thereby the rate performance of the lithium-ion battery can be further 

improved. In addition, due to the presence of inorganic particles in the porous film, the 

stability of the pore structure is enhanced. Therefore, the pore structure is not softened and 

closed after the soaking process in the electrolyte and the high-temperature and high-pressure 

process in the forming stage, the possibility of the pore structure being compressed and 
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damaged is reduced, smoothness of the lithium ion transport channel is ensured, and the 

polarization reaction inside the lithium-ion battery is reduced, ensuring that the lithium-ion 

battery has a high rate performance. 

[0023] In the porous film, inorganic particles are at least one of alumina, silica, magnesia, 

titanium oxide, hafnium dioxide, tin oxide, cerium dioxide, zirconia, nickel oxide, zinc oxide, 

calcium oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, 

and barium sulfate. The inorganic particles may contain polar functional groups selected from 

a hydroxyl group. The surface of the inorganic particles containing polar functional groups is 

more easily combined with the non-solvent (third solvent) in the coagulating solution 

described below in the preparation process, which is advantageous for the diffusion of the 

third solvent into the porous film along the surface of the inorganic particles. Thus, large pore 

structures are formed in the vicinity of the inorganic particles, and the pore structures with 

large average pore sizes and small average wall thickness between the adjacent pores are 

easily obtained. 

[0024] The particle sizes of the inorganic particles satisfy that the particle size having a 

volume accumulation of 10% (Dvl0) is in a range of 0.015 µm to 3 µm, the particle size 

having a volume accumulation of 50% (Dv50) is in a range of 0.2 µm to 5 µm, and the 

particle size having a volume accumulation of 90% (Dv90) is in a range of 1 µm to 10 µm. 

The particle size (Dvl0) having a volume accumulation of 10% refers to particle sizes which 

reach 10% of the cumulative volume from the side of small particle size in the granularity 

distribution on a volume basis. The particle size (Dv50) having a volume accumulation of 

50% refers to particle sizes which reach 50% of the cumulative volume from the side of small 

particle size in the granularity distribution on a volume basis. The particle size (Dv90) having 

a volume accumulation of 90% refers to particle sizes which reach 90% of the cumulative 

volume from the side of small particle size in the granularity distribution on a volume basis. 

For example, the inorganic particles having large particle sizes and a narrow peak distribution 

are used, therefore the exchange speed between the non-solvent (third solvent) in the 

coagulation solution and the organic solvent (first solvent) in the coating solution can be 

increased during the formation of the porous film, and a porous film structure with a larger 
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average pore size and smaller average wall thickness between the adjacent pores is formed. 

Within this range, if the particle sizes of the inorganic particles become smaller, the exchange 

speed between the non-solvent (third solvent) in the coagulation solution and the organic 

solvent (first solvent) in the coating solution is decreased during the formation of the porous 

film, the development of the pore structure is slower, the average pore size of the formed pore 

is decreased, and the average wall thickness between adjacent pores is increased. Conversely, 

if the particle sizes of the inorganic particles become larger, the exchange speed between the 

non-solvent (third solvent) in the coagulation solution and the organic solvent (first solvent) 

in the coating solution is increased, the development of the pore structure is faster, the 

average pore size of the formed pore is increased, and the average wall thickness between 

adjacent pores is decreased. However, if the particle sizes of the inorganic particles are too 

small and are beyond this range, the exchange between the non-solvent (third solvent) in the 

coagulation solution and the organic solvent (first solvent) in the coating solution will be 

adversely affected, and it is difficult to form a pore with a large average pore size. If the 

particle sizes of the inorganic particles are too large and are beyond this range, the surface of 

the formed porous film is not uniform, the strength of the porous film is decreased, and the 

adhesion force of the porous film is decreased. 

[0025] In some examples, the inorganic particles have particle sizes such that DvlO is in 

a range of 1.0 µm to 1.6 µm, Dv50 is in a range of 2.0 µm to 2.6 µm, and Dv90 is in a range 

of3.0 µm to 4.0 µm. 

[0026] In the above-described porous film, the particle size distribution of the inorganic 

particles satisfies Dv90/Dv10= 2-100. IfDv90/Dvl0 is greater than 100, which will lead to 

the particle size distribution of the inorganic particles being too wide, the uniformity of the 

formed pores is poor, and polarization reactions will easily occur in the lithium-ion battery. 

[0027] In the above-described porous film, the average wall thickness between adjacent 

pores is in a range of 20 nm to 500 nm, and the average pore size of the porous film is in a 

range of 0.3 µm to 20 µm. The average pore size of the porous film according to the present 

application is larger, so that the porous film has good electrolyte diffusion and absorption 

capability and high ionic conductivity, and the polarization reaction inside the lithium-ion 
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battery can be reduced, thereby improving the rate performance of the lithium-ion battery. In 

addition, since the average wall thickness between adjacent pores in the porous film is low, 

the binder (typically a polymer, for example, polyvinylidene fluoride) can be prevented from 

swelling in the electrolyte and blocking the pores of the porous film after the porous film is 

subject to a soaking process in the electrolyte during the preparation of the lithium-ion 

battery. Therefore, the pore structure in the porous film can be maintained, smoothness of the 

lithium ion transport channel is ensured and the polarization reaction inside the lithium-ion 

battery is reduced, the rate performance of the lithium-ion battery can be further improved. 

[0028] In the above-described porous film, the pore size distribution coefficient D of the 

pores in the porous film is in a range of I to 5. RIO represents pore sizes which reach IO% of 

the cumulative pore sizes from the side of small pore size in the pore size distribution curve 

(the pore sizes of IO% of the pores are less than RIO). R90 represents pore sizes which reach 

90% of the cumulative pore sizes from the side of small pore size in the pore size distribution 

curve (the pore sizes of 90% of the pores are less than R90). The pore size distribution 

coefficient D is equal to R90/RI 0. The closer to I the pore size distribution coefficient D is, 

the more uniform the pore sizes in the porous film will be, and thus the porous film will have 

better rate performance and cycle performance. 

[0029] In the above-mentioned porous film, the porous film has a thickness of 0.2 µm to 

IO µm. If the thickness of the porous film is larger, the gas permeability of the porous film 

becomes deteriorated, and the rate performance of the lithium-ion battery is decreased. If the 

thickness of the porous film is smaller, the adhesive force of the porous film is reduced, and 

the porous film tends to fall off due to a poor adhesive force when applied in a lithium-ion 

battery, resulting in deteriorated safety performance of the lithium-ion battery. In some 

examples, the porous film has a thickness of I µm to 3 µm. 

[0030] In the above-described porous film, the porous film has a porosity of 20% to 90%. 

In some examples, the porous film has a porosity of 40% to 60%. 

[0031] In the above-described porous film, the binder is at least one of polyvinylidene 

fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, 

polyacrylate, polyacrylic acid, polyacrylic acid salt, sodium carboxymethylcellulose, 
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polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and 

polyhexafluoropropylene. 

[0032] In the above-described porous film, the volume ratio of the inorganic particles to 

the binder in the porous film is in a range of 0.2 to 3.0. If the volume ratio of them is lower 

than 0.2, the average pore size of the porous film is reduced, the porosity is decreased, and 

the rate performance of the lithium-ion battery is deteriorated drastically. If the volume ratio 

of them is greater than 3.0, the adhesive force of the porous film is reduced. When the porous 

film is applied to a lithium-ion battery, the porous film tends to fall off due to poor adhesion, 

resulting in deteriorated safety performance of the lithium-ion battery. 

[0033] According to a second aspect of the present application, a method for preparing a 

porous film is provided, which is used for preparing the porous film according to the first 

aspect of the present application, including steps of: (1) mixing inorganic particles with a 

binder, and then adding a first solvent and uniformly stirring the mixture to obtain a coating 

solution, wherein the binder is dissolved in the first solvent; (2) uniformly coating the coating 

solution on at least one surface of a substrate to form a wet film; (3) immersing the substrate 

with the wet film into a coagulation solution for phase transformation, wherein the 

coagulation solution includes a second solvent and a third solvent, and the second solvent and 

the third solvent are miscible with each other; (4) performing a drying process after the phase 

transformation is completed, to obtain the substrate whose surface is provided with a porous 

film, wherein the average wall thickness between adjacent pores in the porous film is in a 

range of 20 nm to 500 nm, and the average pore size of the porous film is not less than 0.3 

µm. 

[0034] The above-mentioned substrate may be one of a separator, a positive electrode, 

and a negative electrode. 

[0035] In the above-described method for preparing the porous film, the porous film is 

prepared using the principle of phase transformation (i.e., non-solvent induced phase 

separation, NIPS). In the coating solution obtained in the step (1), the first solvent is oily, and 

the binder (for example, polyvinylidene fluoride) may be dissolved in the first solvent. The 

third solvent contained in the coagulation solution in step (3) is one or more selected from 

024607-02-5054-US 8 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 254 of 297

deionized water, ethanol, propanol, acetone, dimethyl carbonate and diethyl carbonate, and 

the binder is insoluble in the third solvent (for example, deionized water). Therefore, after the 

coating solution is coated on the substrate and then immersed in the coagulation solution, 

since the first solvent in the coating solution is extracted into the third solvent (for example, 

deionized water) in the coagulation solution, the binder in the coating solution is coagulated 

and separated out, thus forming a porous film. 

[0036] In the above-described preparation method for the porous film, in step (1), the first 

solvent is at least one ofN-methylpyrrolidone ( NMP), dimethylacetamide (DMAC), 

dimethylformamide (Dl\1F), triethyl phosphate (TEP), and dimethyl sulfoxide (DMSO). The 

porous film formed using NMP has the largest average pore size and the highest porosity, 

the porous film formed using Dl\1F has the smallest average pore size and the lowest porosity, 

and the porous film formed using DMAC has the average pore size and a porosity between 

that of the porous films formed using NNIP and DMF respectively. 

[0037] In the above-described method for preparing the porous film, the solid content of 

the coating solution in step (1) is in a range of7% to 25%. Within this range, if the solid 

content of the coating solution is increased, the viscosity of the coating solution is increased, 

the exchange speed between the third solvent in the coagulation solution and the first solvent 

in the coating solution becomes lower, and both the average pore size and porosity of the 

formed porous film are decreased. Conversely, if the solid content of the coating solution is 

decreased, both the average pore size and porosity of the porous film are increased. However, 

if the solid content of the coating solution is too high and is beyond this range, the porous 

film cannot meet the requirement of gas permeability, and the porous film cannot be used in 

the lithium-ion battery; if the solid content of the coating solution is too low and is below this 

range, the strength of the porous film is decreased, and it is difficult to form a film on the 

surface of the substrate. In some examples, the coating solution has a solid content of 10% to 

20%. 

[0038] In the above-described method for preparing the porous film, the temperature of 

the coating solution in step (1) is in a range of 15 degrees Celsius to 30 degrees Celsius. In 

some examples, the temperature of the coating solution is in a range of 20 degrees Celsius to 
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25 degrees Celsius. 

[0039] In the above-described method for preparing the porous film, the coating of the 

coating solution in step (2) may be performed using a common coating method, such as roll 

coating, a gas knife coating, rod coating, scraper coating, gravure coating, screen coating, die 

coating, micro gravure coating, dip coating or the like. In some examples, the dip coating 

method is selected as the coating method of the coating solution. 

[0040] In the above-described preparation method, the second solvent in step (3) is one or 

more selected from N-methylpyrrolidone (NMP), dimethylacetamide (DMAC), 

dimethylformamide (Dl\1F), triethyl phosphate (TEP), and dimethyl sulfoxide (DMSO). The 

second solvent in step (3) may be the same as the first solvent added in step (1). 

[0041] In the above-described preparation method, in step (3), the mass percentage of the 

second solvent in the coagulation solution is in a range of 20% to 60%. If the content of the 

second solvent in the coagulation solution is decreased, it is advantageous for the increase of 

the average pore size and porosity of the porous film. However, if the content of the second 

solvent is too low, a dense skin may be formed on the surface of the porous film which is 

away from the substrate, resulting in deteriorated gas permeability of the porous film. If the 

content of the second solvent is too high, a complete porous structure cannot be formed or the 

formed porous film has a very low average pore size and a high wall thickness. In some 

examples, the mass percentage of the second solvent in the coagulation solution is in a range 

of 30% to 40%. 

[0042] In the above-described method for preparing the porous film, the temperature of 

the coagulation solution in step (3) is in a range of 15 degrees Celsius to 30 degrees Celsius. 

In some examples, the temperature of the coagulation solution is in a range of 20 degrees 

Celsius to 25 degrees Celsius. 

[0043] In the above-described method for preparing the porous film, in step (3), the 

period for phase transformation is in a range of 10 s to 90 s. In some examples, the period for 

phase transformation is in a range of 20 s to 60 s. 

[0044] In the above-described method for preparing the porous film, in step ( 4), the 

drying temperature is in a range of 60 degrees Celsius to 70 degrees Celsius, and the drying 
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period is less than 1 min. 

[0045] According to a third aspect of the present application, a separator including the 

porous film according to the first aspect of the present application is provided. 

[0046] The separator includes a porous substrate and a porous film. The porous film is 

arranged on the surface of the porous substrate. In the above-described separator, there is no 

particular limitation on the type of the porous substrate, and it may be selected as actually 

required. Specifically, the porous substrate is at least one of polyethylene film (PE), 

polypropylene film (PP), polyethylene/polypropylene dual-layer film (PE/PP), 

polypropylene/polyethylene/polypropylene three-layer film (PP/PE/PP), non-woven fabric, 

polyimide, polyacrylonitrile porous film (PAN), and glass fiber film. 

[0047] A method for preparing the above-described separator is further provided 

according to the present application, which is used for preparing the separator according to 

the third aspect of the present application, and which includes steps of: (1) mixing inorganic 

particles with a binder, and then adding a first solvent and uniformly stirring the mixture to 

obtain a coating solution, wherein the binder is dissolved in the first solvent; (2) uniformly 

coating the coating solution on a surface of the porous substrate (for example, polyethylene) 

to form a wet film; (3) immersing the porous substrate (for example, polyethylene) with the 

wet film into a coagulation solution for phase transformation, wherein the coagulation 

solution includes a second solvent and a third solvent, and the second solvent and the third 

solvent are miscible with each other; (4) performing a drying process after the phase 

transformation is completed to obtain a separator in which a porous film is arranged on the 

surface of the porous substrate (for example, polyethylene), wherein the average wall 

thickness between adjacent pores in the porous film is in a range of 20 nm to 500 nm, and the 

average pore size of the porous film is not less than 0.3 µm. 

[0048] In the above-described method for preparing the separator, the parameter setting 

of the preparation process is consistent with that of the preparation process of the porous film 

according to the second aspect of the present application, and only the substrate is changed to 

porous substrate. 

[0049] According to a fourth aspect of the present application, an electrode including the 
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porous film according to the first aspect of the present application is provided. The electrode 

includes a current collector and an active material layer. The active material layer is arranged 

on the surface of the current collector, and the porous film is arranged on the surface of the 

active material layer which is away from the current collector. 

[0050] In the above-described electrode, the electrode may be either a positive electrode 

or a negative electrode, depending on the current collector and the active material used. There 

is no particular limitation on the type of the current collector, and it can be selected as 

actually required. Specifically, the current collector is at least one of aluminum foil, copper 

foil, nickel foil, titanium foil, silver foil, nickel-copper alloy foil, aluminum-zirconium alloy 

foil , stainless steel foil and graphene film. 

[0051] A method for preparing an electrode is further provided according to the 

application, which is used for preparing the electrode according to the fourth aspect of the 

present application, including steps of: (1) mixing inorganic particles with a binder, and then 

adding a first solvent and uniformly stirring the mixture to obtain a coating solution, wherein 

the binder is dissolved in the first solvent; (2) mixing an active material, a conductive agent 

and a binder, adding an organic solvent (such as N-methylpyrrolidone) into the mixture, 

uniformly stirring the mixture under the action of a vacuum stirrer to obtain an electrode 

slurry, and uniformly coating the electrode slurry on the current collector and then drying to 

form an active material layer (electrode) on the current collector; (3) uniformly coating the 

coating solution on the surface of the electrode to form a wet film; (4) immersing the 

electrode with the wet film into a coagulation solution for phase transformation, wherein the 

coagulation solution includes a second solvent and a third solvent, and the second solvent and 

the third solvent are miscible with each other; (5) performing a drying process after the phase 

transformation to obtain an electrode whose surface is provided with a porous film, wherein 

the average wall thickness between adjacent pores in the porous film is in a range of 20 nm to 

500 nm, and the average pore size of the porous film is not less than 0.3 µm. The electrode 

may be either a positive electrode or a negative electrode. 

[0052] In the method for preparing the electrode described above, the parameter setting 

of the preparation process is consistent with that of the preparation process of the porous film 
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according to the second aspect of the present application. 

[0053] According to a fifth aspect of the present application, a lithium-ion battery is 

provided. The lithium-ion battery includes the separator according to the third aspect of the 

present application, or includes the electrode according to the fourth aspect of the present 

application, or includes both the separator according to the third aspect of the present 

application and the electrode according to the fourth aspect of the present application. The 

electrode may be either a positive electrode or a negative electrode. 

[0054] In the above-described lithium-ion battery, the positive electrode includes a 

positive electrode material capable of intercalation and deintercalation of lithium (Li) 

(hereinafter sometimes referred to as "positive electrode material capable of intercalation/ 

deintercalation oflithium (Li)"). Examples of the positive electrode material capable of 

intercalation/ deintercalation of lithium (Li) may include one or more of lithium cobaltate, 

nickel cobalt lithium manganate, nickel cobalt lithium aluminate, lithium manganate, iron 

manganese lithium phosphate, lithium vanadium phosphate, lithium oxide vanadium 

phosphate, lithium iron phosphate, lithium titanate, and lithium-rich manganese-based 

materials. 

[0055] In the above-mentioned positive electrode material, the chemical formula of 

lithium cobaltate may be expressed as LixCoaMlbO2-c, wherein Ml represents at least one 

selected from the group consisting of nickel (Ni), manganese (Mn), magnesium (Mg), 

aluminum (Al), boron (B), titanium (Ti), vanadium (V), chromium (Cr), ferrum (Fe), copper 

(Cu), zinc (Zn), molybdenum (Mo), tin (Sn), calcium (Ca), strontium (Sr), tungsten (W), 

yttrium (Y), lanthanum (La), zirconium (Zr), and silicon (Si), and the values of x, a, b, and c 

are respectively within the following ranges: 0.8:Sx:Sl.2, 0.8:Sa:Sl, 0:Sb:S0.2, -0.1:Sc:S0.2. 

[0056] In the above-mentioned positive electrode material, the chemical formula of 

nickel cobalt lithium manganate or nickel cobalt lithium aluminate may be expressed as 

LiyNictM2eO2-f, wherein M2 represents at least one selected from the group consisting of 

cobalt (Co), manganese (Mn), magnesium (Mg), aluminum (Al) , boron (B), titanium (Ti), 

vanadium (V), chromium (Cr), ferrum (Fe), copper (Cu), zinc (Zn), molybdenum (Mo), tin 

(Sn), calcium (Ca), yttrium (Sr), tungsten (W), zirconium (Zr), and silicon (Si), and the 

024607-02-5054-US 13 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 259 of 297

values of y, d, e, and fare respectively within the following ranges: 0.8:Sy:Sl.2, 0.3:Sd:S0.98, 

0.02:Se:S0.7, -0.1:Sf:S0.2. 

[0057] In the above-mentioned positive electrode material, the chemical formula of 

lithium manganate is expressed as LizMn2-gM3gO4-h, wherein M3 represents at least one 

selected from the group consisting of cobalt (Co), nickel (Ni), magnesium (Mg), aluminum 

(Al), boron (B), titanium (Ti), vanadium (V), chromium (Cr), ferrum (Fe), copper (Cu), zinc 

(Zn), molybdenum (Mo), tin (Sn), calcium (Ca), strontium (Sr), and tungsten (W), and the 

values of z, g and hare respectively within the following ranges: 0.8:Sz:Sl.2, 0:Sg<l.0, and 

-0.2:Sh:S0.2. 

[0058] The negative electrode includes a negative electrode material capable of 

intercalation and deintercalation oflithium (Li) (hereinafter, sometimes referred to as 

"negative electrode material capable of intercalation/ deintercalation of lithium (Li)"). 

Examples of the negative electrode material capable of intercalation/deintercalation of 

lithium (Li) may include a carbon material, a metal compound, an oxide, a sulfide, a nitride 

of lithium such as LiN3, lithium metal, a metal which formed an alloy with lithium, and a 

polymer material. Examples of carbon materials may include low graphitized carbon, easily 

graphitized carbon, artificial graphite, natural graphite, mesocarbon microbeads, soft carbon, 

hard carbon, pyrolytic carbon, coke, glassy carbon, organic polymer compound sintered body, 

carbon fiber and active carbon. Wherein coke may include pitch coke, needle coke, and 

petroleum coke. The organic polymer compound sintered body refers to materials obtained by 

calcining a polymer material such as a phenol plastic or a furan resin at a suitable temperature 

and carbonizing them, and some of these materials are classified into low graphitized carbon 

or easily graphitized carbon. Examples of polymeric materials may include polyacetylene and 

polypyrrole. 

[0059] Among these negative electrode materials capable of intercalation /deintercalation 

of lithium (Li), further, materials whose charge and discharge voltages are close to the charge 

and discharge voltages of lithium metal are selected. This is because that the lower the charge 

and discharge voltages of the negative electrode material are, the more easily the battery can 

have a higher energy density. The carbon material can be selected as the negative electrode 
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material, since the crystal structure of the carbon material has only small changes during 

charging and discharging. Therefore, good cycle characteristics and high charge and 

discharge capacities can be obtained. In particular, graphite can be selected, since it can 

provide a high electrochemical equivalent and energy density. 

[0060] In addition, the negative electrode material capable of intercalation 

/deintercalation of lithium (Li) may include elemental lithium metal, metal elements and 

semi-metal elements capable of forming an alloy together with lithium (Li), alloys and 

compounds including such elements, etc. In particular, they are used together with the carbon 

material, since good cycle characteristics and high energy density can be obtained in this 

case. In addition to alloys including two or more metal elements, alloys used herein further 

include alloys including one or more metal elements and one or more semi-metal elements. 

The alloys may be in the following forms of solid solutions, eutectic crystals (eutectic 

mixtures), intermetallic compounds, and mixtures thereof. Examples of metal elements and 

semi-metal elements may include tin (Sn), lead (Pb), aluminum (Al), indium (In), silicon (Si), 

zinc (Zn), antimony (Sb), bismuth (Bi), cadmium (Cd), magnesium (Mg), boron (B), gallium 

(Ga), germanium (Ge), arsenic (As), silver (Ag), zirconium (Zr), yttrium (Y), and hafnium 

(Hf). Examples of the above-described alloys and compounds may include a material 

expressed as a chemical formula: MasMbtLiu and a material expressed as a chemical formula: 

MapMcqlVldr. In these chemical formulas, lVIa represents at least one of metal elements and 

semi-metal elements capable of forming alloys with lithium, Mb represents at least one of 

these metal elements and semi-metal elements other than lithium and Ma, Mc represents at 

least one of the non-metal elements, Md represents at least one of these metal elements and 

semi-metal elements other than Ma, ands, t, u, p, q, and r satisfy s>0, t2:0, u2:0, p>0, q>0, and 

r2:0, respectively. In addition, an inorganic compound that does not include lithium (Li) may 

be used in the negative electrode, such as MnO2, V2Os, V6O13, NiS, and MoS. 

[0061] The lithium-ion battery described above further includes an electrolyte, which 

may be one or more of a gel electrolyte, a solid electrolyte, and an liquid electrolyte. The 

liquid electrolyte includes a lithium salt and a non-aqueous solvent. 

[0062] The lithium salt is at least one ofLiPF6, LiBF4, LiAsF6, LiC1O4, LiB(C6Hs)4, 
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LiCH3SO3, LiCF3SO3, LiN(SO2CF3)2, LiC(SO2CF3)3, LiSiF6, LiBOB, and lithium 

difluoborate. For example, LiPF6 is used as a lithium salt, since it can provide high ionic 

conductivity and improve cycle performance. 

[0063] The non-aqueous solvent may be a carbonate compound, a carboxylic acid ester 

compound, an ether compound, other organic solvents or combinations thereof. 

[0064] The carbonate compound may be a chain carbonate compound, a cyclic carbonate 

compound, a fluorinated carbonate compound or combinations thereof. 

[0065] Examples of chain carbonate compounds include diethyl carbonate (DEC), 

dimethyl carbonate (DMC), dipropyl carbonate (DPC), methylpropyl carbonate (wIPC), ethyl 

propyl carbonate (EPC), methyl ethyl carbonate (MEC) and combinations thereof. Examples 

of the cyclic carbonate compounds include ethylene carbonate (EC), propylene carbonate 

(PC), butylene carbonate (BC), vinyl ethylene carbonate (VEC), and combinations thereof. 

Examples of the fluorocarbonate compound include fluoroethylene carbonate (FEC), 1,2-

difluoroethylene carbonate, 1, 1-difluoroethylene carbonate, 1, 1,2-trifluoroethylene carbonate, 

1, 1,2,2-tetrafl uoroethy I ene carbonate, 1-fl uoro-2-methy I ethy I carbonate, 1-fl uoro-1-methy 1-

ethy l ene carbonate, 1,2-difluoro-l-methylethylene carbonate, 1, 1,2-trifluoro-2-methylethyl 

carbonate, trifluoromethyl ethylene carbonate, and combinations thereof. 

[0066] Examples of carboxylic acid ester compounds include methyl acetate, ethyl 

acetate, n-propyl acetate, tert-butyl acetate, methyl propionate, ethyl propionate, y­

butyrolactone, decanolactone, valerolactone, mevalonolactone, caprolactone, methyl formate, 

and combinations thereof. 

[0067] Examples of ether compounds include dibutyl ether, tetraethylene glycol dimethyl 

ether, diethylene glycol dimethyl ether, 1,2-dimethoxyethane, 1,2-diethoxyethane, ethoxy 

methoxy ethane, 2-methyltetrahydrofuran, tetrahydrofuran, and combinations thereof. 

[0068] Examples of other organic solvents include dimethyl sulfoxide, 1,2-dioxolane, 

sulfolane, methyl sulfolane, 1,3-dimethyl-2-imidazolidinone, N-methyl-2-pyrrolidone, 

formamide, dimethylformamide, acetonitrile, trimethyl phosphate, triethyl phosphate, trioctyl 

phosphate, phosphate esters, and combinations thereof. 

[0069] The electrode assembly of the lithium-ion battery to which the porous film of the 
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present application is applied includes not only a wound type electrode assembly, but also a 

laminated (stacked) type electrode assembly and a folded type electrode assembly. 

[0070] The present application is further described in details with examples below. It 

should be understood that these examples are only for illustrating the application but are not 

intended to limit the scope of the application. In the examples, only the case where the 

electrode assembly of the lithium-ion battery is wound type is illustrated, but the application 

is not limited thereto. 

[0071] In the following examples, reagents, materials, and instruments used are 

commercially available unless otherwise specified. 

[0072] Example 1 

[0073] (1) Preparation of negative electrode 

[0074] The negative electrode active material (artificial graphite), the binder (styrene-

butadiene rubber), and the conductive agent ( conductive carbon black (Super P) ) are mixed 

uniformly with deionized water at a mass ratio of 92:3:5 to prepare a negative electrode 

slurry, then the negative electrode slurry is coated uniformly on front and rear surfaces of the 

negative electrode current collector copper foil, then a negative electrode active material 

layer is formed by drying the coated negative electrode current collector copper foil at 85 

degrees Celsius, followed by cold pressing, slitting and cutting processes and a negative 

electrode tab is welded so as to obtain a negative electrode. 

[0075] (2) Preparation of positive electrode 

[0076] The positive electrode active material (lithium cobaltate (LiCo02)), the binder 

(polyvinylidene fluoride (PVDF)) and the conductive agent (conductive carbon black (Super 

P)) are dissolved in the solvent (N-methylpyrrolidone ( NMP)) at a mass ratio of 97: 1.5: 1.5. A 

positive electrode slurry is prepared by stirring uniformly the mixture, then the positive 

electrode slurry is coated uniformly on front and rear surfaces of the positive electrode 

current collector aluminum foil, then a positive electrode active material layer is formed by 

drying the coated positive electrode current collector aluminum foil at 85 degrees Celsius, 

followed by cold pressing, slitting and cutting processes and a positive electrode tab is 

welded so as to obtain a positive electrode. 
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[0077] (3) Preparation of separator 

[0078] Inorganic particles (boehmite) are mixed with the binder (polyvinylidene fluoride) 

at a volume ratio of 1.2, and then N-methylpyrrolidone (first solvent) is added and uniformly 

stirred to obtain a coating solution, wherein the coating solution has a solid content of 7%. 

The coating solution is coated onto a porous substrate (polyethylene) using the dip coating 

method to form a wet film. The porous substrate (polyethylene) with a wet film is immersed 

in a coagulation solution containing deionized water (third solvent) and N-methylpyrrolidone 

( NMP, second solvent) for phase transformation, wherein the mass percentage ofN­

methylpyrrolidone (second solvent) in the coagulation solution is 40%, and the coating 

solution and the coagulation solution are at the temperature of 25 degrees Celsius. After being 

immersed in the coagulation solution for 30 seconds, the porous substrate (polyethylene) with 

a wet film is dried in an oven at 60 degrees Celsius to obtain a separator with a porous film. 

The particle size distribution of inorganic particles (boehmite) is such that Dvl0 is 0.9 µm, 

Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[0079] (4) Preparation of electrolyte 

[0080] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

( ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinylene 

carbonate (VC) = 8:85:5:2, by mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0081] (5) Preparation of lithium-ion battery 

[0082] An electrode assembly is obtained by winding the positive electrode, the separator 

and the negative electrode, and followed by packaging, injection of the electrolyte, forming, 

and suction molding processes are performed to obtain the lithium-ion battery. 

[0083] Example 2 

[0084] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

10%. 

[0085] Example 3 
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[0086] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%. 

[0087] 

[0088] 

Example 4 

In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

20%. 

[0089] 

[0090] 

Example 5 

In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

25%. 

Example 6 [0091] 

[0092] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and dimethylacetamide (DMAC) is selected as the second solvent. 

[0093] Example 7 

[0094] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and dimethylformamide (DMF) is selected as the second solvent. 
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Example 8 [0095] 

[0096] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the particle size distribution of inorganic particles (boehmite) is that Dvl0 is 0.015 

µm, Dv50 is 0.2 µm and Dv90 is 1.5 µm. 

[0097] Example 9 

[0098] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the particle size distribution of inorganic particles (boehmite) is that Dvl0 is 0.2 

µm, Dv50 is 1.0 µm and Dv90 is 2.0 µm. 

[0099] Example 10 

[0100] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the particle size distribution of inorganic particles (boehmite) is that Dvl0 is 1.6 

µm, Dv50 is 2.6 µm and Dv90 is 4.6 µm. 

[0101] Example 11 

[0102] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the particle size distribution of inorganic particles (boehmite) is that DvlO is 2.2 

µm, Dv50 is 3.5 µm and Dv90 is 5.8 µm. 

[0103] Example 12 
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[0104] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the particle size distribution of inorganic particles (boehmite) is that Dvl0 is 3.0 

µm, Dv50 is 5.0 µm and Dv90 is 10.0 µm. 

[0105] Example 13 

[0106] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the mass percentage ofN-methylpyrrolidone in the coagulation solution is 20%. 

[0107] Example 14 

[0108] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, and the mass percentage ofN-methylpyrrolidone in the coagulation solution is 60%. 

[0109] Example 15 

[0110] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 

15%, alumina is selected as inorganic particles, and the particle size distribution of alumina 

particles is that Dvl0 is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[0111] Example 16 

[0112] In this example, the preparation methods for the negative electrode, the positive 

electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. The preparation method of the separator is the 
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same as that described in Example 1, except that the solid content of the coating solution is 

15%, magnesium hydroxide is selected as inorganic particles, and the particle size 

distribution of magnesium hydroxide particles is thatDvl0 is 0.9 µm, Dv50 is 1.8 µm and 

Dv90 is 3.0 µm. 

[0113] Example 17 

[0114] (1) Preparation of negative electrode 

[0115] The negative electrode active material (artificial graphite), the binder (styrene-

butadiene rubber), and the conductive agent (conductive carbon black (Super P)) are mixed 

uniformly with deionized water at a mass ratio of 92:3: 5 to prepare a negative slurry, then the 

negative slurry is coated uniformly on front and rear surfaces of the negative electrode 

current collector copper foil, then a negative electrode active material layer is formed by 

drying the coated negative electrode current collector copper foil at 85 degrees Celsius, 

followed by cold pressing, slitting and cutting processes and a negative electrode tab is 

welded to obtain a negative electrode. 

[0116] 

[0117] 

(2) Preparation of positive electrode 

The positive electrode active material (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)), and the conductive agent ( conductive carbon black (Super 

P)) are dissolved in the solvent (N-methylpyrrolidone ( NMP)) at a mass ratio of97:l.5:l.5. A 

positive slurry is prepared by stirring uniformly the mixture, then the positive slurry is coated 

uniformly on front and rear surfaces of the positive electrode current collector (aluminum 

foil), then a positive electrode active material layer is formed by drying the coated positive 

electrode current collector aluminum foil at 85 degrees Celsius. Inorganic particles 

(boehmite) are mixed with the binder PVDF at a volume ratio of 1.2, and then N­

methylpyrrolidone (first solvent) is added and uniformly stirred to obtain a coating solution, 

wherein the coating solution has a solid content of 15 %. The coating solution is coated onto 

the positive electrode current collector on which a positive electrode active material layer is 

arranged by the dip coating method to form a wet film. The positive electrode current 

collector with a wet film is then immersed in a coagulation solution containing deionized 

water (third solvent) and N-methylpyrrolidone (second solvent) for phase transformation, 
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wherein the mass percentage ofN-methylpyrrolidone in the coagulation solution is 40~·'<>, and 

the coating solution and the coagulation solution are both at the temperature of 25 degrees 

Celsius. After being immersed in the coagulation solution for 30 seconds, the positive 

electrode current collector with a wet film is dried in an oven at 60 degrees Celsius, then cold 

pressing, slitting and cutting processes are performed and a positive electrode tab is welded to 

obtain a positive electrode with a porous film. The particle size distribution of inorganic 

particles (boehmite) is such that Dvl0 is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[0118] (3) Preparation of separator 

[0119] 

[0120] 

A polyethylene porous substrate is used as a separator. 

( 4) Preparation of electrolyte 

[0121] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

( ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinylene 

carbonate (VC) = 8:85:5:2, by a mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0122] (5) Preparation of lithium-ion battery 

[0123] An electrode assembly is obtained by winding the positive electrode, the separator 

and the negative electrode, and then packaging, injection of the electrolyte, forming, and 

suction molding processes are performed to obtain the lithium-ion battery. 

[0124] Example 18 

[0125] (1) Preparation of negative electrode 

[0126] The negative electrode active material (artificial graphite), the binder (styrene-

butadiene rubber), and the conductive agent (conductive carbon black (Super P)) are mixed 

uniformly with the solvent (N-methylpyrrolidone ( NMP)) at a mass ratio of 92:3:5 to prepare 

a negative slurry, then the negative slurry is coated uniformly on front and rear surfaces of the 

negative electrode current collector ( copper foil), then a negative electrode active material 

layer is formed by drying the coated negative electrode current collector copper foil at 85 

degrees Celsius. Inorganic particles (boehmite) are mixed with the binder (PVDF) at a 

volume ratio of 1.2, and then N-methylpyrrolidone (first solvent) is added and uniformly 

stirred to obtain a coating solution, wherein the coating solution has a solid content of 15 %. 

The coating solution is coated onto the negative electrode current collector on which the 
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negative electrode active material layer is provided by the dip coating method to form a wet 

film. The negative electrode current collector with a wet film is then immersed in a 

coagulation solution containing deionized water (third solvent) and N-methylpyrrolidone 

(second solvent) for phase transformation, wherein the mass percentage ofN­

methylpyrrolidone in the coagulation solution is 40%, and the coating solution and the 

coagulation solution are both at the temperature of 25 degrees Celsius. After being immersed 

in the coagulation solution for 30 seconds, the negative electrode current collector with a wet 

film is dried in an oven at 60 degrees Celsius, and then cold pressing, slitting and cutting 

processes are performed and a negative electrode tab is welded to obtain a negative electrode. 

The particle size distribution of inorganic particles (boehmite) is such that Dvl0 is 0.9 µm, 

Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[0127] (2) Preparation of positive electrode 

[0128] The positive electrode active material (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)), and the conductive agent ( conductive carbon black (Super 

P)) are dissolved in the solvent (N-methylpyrrolidone ( NNIP)) at a mass ratio of 97: 1.5:1.5. A 

positive slurry is prepared by stirring uniformly the mixture, then the positive slurry is coated 

uniformly on front and rear surfaces of the positive electrode current collector aluminum foil, 

then a positive electrode active material layer is formed by drying the coated positive 

electrode current collector aluminum foil at 85 degrees Celsius, and then cold pressing, 

slitting and cutting processes are performed and a positive electrode tab is welded to obtain a 

positive electrode. 

[0129] (3) Preparation of separator 

[0130] 

[0131] 

A polyethylene porous substrate is used as a separator. 

( 4) Preparation of electrolyte 

[0132] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

( ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinylene 

carbonate (VC) = 8:85:5:2, by a mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0133] (5) Preparation of lithium-ion battery 

[0134] An electrode assembly is obtained by winding the positive electrode, the separator 
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and the negative electrode, and packaging, injection of the electrolyte, forming, and suction 

molding processes are performed to obtain the lithium-ion battery. 

[0135] Example 19 

[0136] (1) Preparation of negative electrode 

[0137] The negative electrode active material (artificial graphite), the binder (styrene-

butadiene rubber), and the conductive agent (conductive carbon black (Super P)) are mixed 

uniformly with the solvent (N-methylpyrrolidone ( Nl\.1P)) at a mass ratio of 92:3:5 to prepare 

a negative slurry, then the negative slurry is coated uniformly on front and rear surfaces of the 

negative electrode current collector ( copper foil), then a negative electrode active material 

layer is formed by drying the coated negative electrode current collector copper foil at 85 

degrees Celsius, then cold pressing, slitting and cutting processes are performed and a 

negative electrode tab is welded to obtain a negative electrode. 

[0138] (2) Preparation of positive electrode 

[0139] The positive electrode active material (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)) and the conductive agent (conductive carbon black (Super 

P)) are dissolved in the solvent (N-methylpyrrolidone ( NNIP)) at a mass ratio of 97: 1.5: 1.5. A 

positive slurry is prepared by stirring uniformly the mixture, then the positive slurry is coated 

uniformly on front and rear surfaces of the positive electrode current collector aluminum foil, 

then a positive electrode active material layer is formed by drying the coated positive 

electrode current collector aluminum foil at 85 degrees Celsius. Inorganic particles 

(boehmite) are mixed with the binder (PVDF) at a volume ratio of 1.2, and then N­

methylpyrrolidone (first solvent) is added and uniformly stirred to obtain a coating solution, 

wherein the coating solution has solid content of 15%. The coating solution is coated onto the 

positive electrode current collector on which the positive electrode active material layer is 

provided by the dip coating method to form a wet film. The positive electrode current 

collector with a wet film is then immersed in a coagulation solution containing deionized 

water (third solvent) and N-methylpyrrolidone (second solvent) for phase transformation, 

wherein the mass percentage ofN-methylpyrrolidone in the coagulation solution is 40%, and 

the coating solution and the coagulation solution are both at the temperature of 25 degrees 
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Celsius. After being immersed in the coagulation solution for 30 seconds, the positive 

electrode current collector with a wet film is dried in an oven at 60 degrees Celsius, and then 

cold pressing, slitting and cutting processes are performed and a positive electrode tab is 

welded to obtain a positive electrode with a porous film. The particle size distribution of 

inorganic particles boehmite is such that Dvl0 is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 

µm. 

[0140] (3) Preparation of separator 

[0141] Inorganic particles (boehmite) are mixed with the binder (PVDF) at a volume ratio 

of 1.2, and then N-methylpyrrolidone (first solvent) is added and uniformly stirred to obtain a 

coating solution, wherein the coating solution has a solid content of 15 %. The coating 

solution is coated onto a porous substrate (polyethylene) by the dip coating method to form a 

wet film. The porous substrate (polyethylene) with a wet film is immersed in a coagulation 

solution containing deionized water (third solvent) and N-methylpyrrolidone (second solvent) 

for phase transformation, wherein the mass percentage ofN-methylpyrrolidone in the 

coagulation solution is 40%, and the coating solution and the coagulation solution are both at 

the temperature of 25 degrees Celsius. After being immersed in the coagulation solution for 

30 seconds, the porous substrate (polyethylene) with a wet film is dried in an oven at 60 

degrees Celsius to obtain a separator with a porous film. The particle size distribution of 

inorganic particles (boehmite) is such that Dvl0 is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 

µm. 

[0142] ( 4) Preparation of electrolyte 

[0143] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

(ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinylene 

carbonate (VC) = 8:85:5:2, by a mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0144] (5) Preparation of lithium-ion battery 

[0145] An electrode assembly is obtained by winding the positive electrode, the separator 

and the negative electrode, and then packaging, injection of the electrolyte, forming, and 

suction molding processes are performed to obtain the lithium-ion battery. 

[0146] Example 20 
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[0147] (1) Preparation of negative electrode 

[0148] The negative electrode active material (artificial graphite), the binder (styrene-

butadiene rubber), and the conductive agent (conductive carbon black (Super P)) are mixed 

uniformly with the solvent (N-methylpyrrolidone ( NMP)) at a mass ratio of 92:3:5 to prepare 

a negative slurry, then the negative slurry is coated uniformly on front and rear surfaces of the 

negative electrode current collector copper foil, and then a negative electrode active material 

layer is formed by drying the coated negative electrode current collector copper foil at 85 

degrees Celsius. Inorganic particles (boehmite) are mixed with the binder (PVDF) at a 

volume ratio of 1.2, and then N-methylpyrrolidone (first solvent) is added and uniformly 

stirred to obtain a coating solution, wherein the coating solution has a solid content of 15 %. 

The coating solution is coated onto the negative electrode current collector on which the 

negative electrode active material layer is provided by the dip coating method to form a wet 

film. The negative electrode current collector with a wet film is immersed in a coagulation 

solution containing deionized water (third solvent) and N-methylpyrrolidone (second solvent) 

for phase transformation, wherein the mass percentage ofN-methylpyrrolidone in the 

coagulation solution is 40%, and the coating solution and the coagulation solution are both at 

the temperature of 25 degrees Celsius. After being immersed in the coagulation solution for 

30 seconds, the negative electrode current collector with a wet film is dried in an oven at 60 

degrees Celsius, then cold pressing, slitting and cutting processes are performed and a 

negative electrode tab is welded to obtain a negative electrode with a porous film. The 

particle size distribution of inorganic particles (boehmite) is such thatDvl0 is 0.9 µm, Dv50 

is 1.8 µm and Dv90 is 3.0 µm. 

[0149] (2) Preparation of positive electrode 

[0150] The positive electrode active material (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)), and the conductive agent ( conductive carbon black (Super 

P)) are dissolved in the solvent (N-methylpyrrolidone ( NNIP)) at a mass ratio of 97: 1.5: 1.5. A 

positive slurry is prepared by stirring uniformly the mixture, then the positive slurry is coated 

uniformly on front and rear surfaces of the positive electrode current collector aluminum foil, 

then a positive electrode active material layer is formed by drying the coated positive 
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electrode current collector aluminum foil at 85 degrees Celsius, then cold pressing, slitting 

and cutting processes are performed and a positive electrode tab is welded to obtain a positive 

electrode. 

[0151] (3) Preparation of separator 

[0152] Inorganic particles (boehmite) are mixed with the binder (PVDF) at a volume ratio 

of 1.2, and then N-methylpyrrolidone (first solvent) is added and uniformly stirred to obtain a 

coating solution, wherein the coating solution has a solid content of 15~·'<>. The coating 

solution is coated onto a porous substrate (polyethylene) using the dip coating method to 

form a wet film. The porous substrate (polyethylene) with a wet film is immersed in a 

coagulation solution containing deionized water (third solvent) and N-methylpyrrolidone 

(second solvent) for phase transformation, wherein the mass percentage ofN­

methylpyrrolidone in the coagulation solution is 40%, and the coating solution and the 

coagulation solution are both at the temperature of 25 degrees Celsius. After being immersed 

in the coagulation solution for 30 seconds, the porous substrate (polyethylene) with a wet 

film is dried in an oven at 60 degrees Celsius to obtain a separator with a porous film. The 

particle size distribution of inorganic particles (boehmite) is such that Dvl0 is 0.9 µm, Dv50 

is 1.8 µm and Dv90 is 3.0 µm. 

[0153] ( 4) Preparation of electrolyte 

[0154] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

( ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinylene 

carbonate (VC) = 8:85:5:2, by a mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0155] (5) Preparation of lithium-ion battery 

[0156] An electrode assembly is obtained by winding the positive electrode, the separator 

and the negative electrode, and then packaging, injection of the electrolyte, forming, and 

suction molding processes are performed to obtain the lithium-ion battery. 

[0157] Comparative example 1 

[0158] In this comparative example, the preparation methods for the negative electrode, 

the positive electrode, the electrolyte, and the lithium-ion battery are the same as the 

corresponding preparation methods described in Example 1. 
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[0159] 

[0160] 

The separator is prepared as follows. 

The boehmite and polyvinylidene fluoride at a volume ratio of 1.2 are added into 

deionized water and uniformly mixed to prepare a slurry, and the solid content of the slurry is 

45%. Then, the slurry is uniformly coated onto front and rear surfaces of the porous substrate 

(polyethylene) using the micro gravure coating method to form a wet film. After the wet film 

is dried in an oven, a separator is obtained. The particle size distribution of inorganic particles 

(boehmite) is that Dvl0 is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

Comparative example 2 [0161] 

[0162] In this comparative example, the preparation methods for the negative electrode, 

the positive electrode, the electrolyte, and the lithium-ion battery are the same as the 

corresponding preparation methods described in Example 1. The preparation method of the 

separator is the same as that described in Example 1, except that the solid content of the 

coating solution is 4%. 

[0163] Comparative example 3 

[001] In this example, the preparation methods for the negative electrode, the positive 
electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 
preparation methods described in Example 1. The preparation method of the separator is the 
same as that described in Example 1, except that the solid content of the coating solution is 
30%. 

[0164] Parameters of Examples 1-20 and comparative examples 1-3 are shown in Table 1 

below. 

Table 1 

Position of Solid Inorganic particle/ µm Content of second 

porous film content of Second solvent in 

the coating Type DvlO Dv50 Dv90 solvent coagulation 

solution solution 

surfaces of 
Example 1 7~/o boehmite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 
Example 2 10% boehmite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 
Example 3 15% boehmite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 
Example 4 20% boehmite 0.9 1.8 3.0 NMP 40%, 

separator 
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surfaces of 
Example 5 25% boehmite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 
Example 3 15% boehmite 0.9 1.8 3.0 Nl\1P 40% 

separator 

surfaces of 
Example 6 15% boehrnite 0.9 1.8 3.0 DMAC 40% 

separator 

surfaces of 
Example 7 15% boehrnite 0.9 1.8 3.0 DMF 40% 

separator 

surfaces of 
Example 8 15% boehrnite 0.ol5 0.2 1.5 NMP 40% 

separator 

surfaces of 
Example 9 15% boehmite 0.2 1.0 2.0 Nl\1P 40% 

separator 

surfaces of 
Example 3 15% boehrnite 0.9 1.8 3.0 NlvlP 40% 

separator 

surfaces of 
Example 10 15% boehrnite 1.6 2.6 4.6 NlvlP 40% 

separator 

surfaces of 
Example 11 15% boehrnite 2.2 3.5 5.8 NMP 40% 

separator 

surfaces of 
Example 12 15% boehrnite 3.0 5.0 10.0 NMP 40% 

separator 

surfaces of 
Example 13 15% boehrnite 0.9 1.8 3.0 NlvlP 20% 

separator 

surfaces of 
Example 3 15% boehrnite 0.9 1.8 3.0 NlvlP 40% 

separator 

surfaces of 
Example 14 15% boehrnite 0.9 1.8 3.0 NMP 60% 

separator 

surfaces of 
Example 15 15% alumina 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of magnesium 
Example 16 15% 0.9 1.8 3.0 NMP 40%, 

separator hydroxide 

surfaces of 
Example 3 15% boehrnite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 

Example 17 positive 15% boehrnite 0.9 1.8 3.0 NlvlP 40% 

electrode 
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Example 18 

Example 19 

Example 20 

Comparative 

Example 1 

Comparative 

Example 2 

Comparative 

Example 3 

[0165] 

[0166] 

surfaces of 

negative 15% boehmite 0.9 1.8 3.0 NlVIP 40% 

electrode 

surfaces of 

separator 
15% boehmite 0.9 1.8 3.0 NlVIP 40% 

and positive 

electrode 

surfaces of 

separator 

and 15% boehmite 0.9 1.8 3.0 NIYIP 40% 

negative 

electrode 

surfaces of 
I boelnnite 0.9 1.8 3.0 I I 

separator 

surfaces of 
4% boehmite 0.9 1.8 3.0 NMP 40% 

separator 

surfaces of 
30% boehmite 0.9 1.8 3.0 NlVIP 40%, 

separator 

Performance test 

The performances of the porous film and the lithium-ion battery including the 

porous film prepared in Examples 1-20 and comparative examples 1-3 are tested, and the test 

method is described as follows. 

[0167] 

[0168] 

(1) Thickness test of porous film 

A separator sample or an electrode sample provided with a porous film is placed 

on a thickness gauge (Model VL-50 LITEMATIC from Naitutoyo company) using a 5 mm 

flat bottom probe with a speed of 50 mm/min and a pressure of 0.01 N. Each separator 

sample or electrode sample provided with the porous film is measured for 60 thickness 

points, and the average thickness is taken as the measured value. The thickness of the porous 

film is equal to the thickness of the separator or the electrode coated with the porous film 

minus the thickness of the separator sample or the electrode sample without the porous film. 

In a case that there are two porous films, the thickness is divided by 2 to obtain the thickness 

of each porous layer. 

[0169] (2) Gas permeability test of porous film 
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[0170] A 100mm x 100mm separator sample provided with a porous film is cut and tested 

using a US Gurley 4110 N permeability tester with a test gas of 100 cc, and the period that 

the test gas passes completely through the separator provided with the porous film is recorded 

as a Gurley value. The Gurley value of the porous film is equal to the Gurley value of the 

separator provided with the porous film minus the Gurley value of the separator without the 

porous film (i.e., a pure porous substrate). In a case that the electrode includes a porous film, 

since the current collector itself is gas-tight, the gas permeability of the porous film cannot be 

evaluated according to such a method. 

[0171] (3) Porosity test of porous film 

[0172] The length, width, and thickness of a separator sample or an electrode sample 

provided with a porous film are measured, the thickness of the porous film is obtained using 

the above-described method, and the apparent volume VI of the porous film is obtained 

through calculation. The true volume V20 of the separator sample or the electrode sample 

provided with the porous film is measured using a true density meter (AccuPyc II Model 

1340 Gas Pycnometer, Nficromeritics Company), and the true volume VO of the separator 

sample or the electrode sample without the porous film having the same area is measured. 

The true volume V2 of the porous film is equal to V20-VO, and the porosity of the porous 

film is equal to l-V2Nl. 

[0173] ( 4) Average pore size test of porous film 

[0174] The area of the porous film that needs to be measured is observed using the Model 

Sigma-02-33 Scanning Electron Microscope from Zeiss, and images are saved. The 

maximum diameter L 1 in the transverse direction and the maximum diameter L2 in the 

longitudinal direction for each pore in the images are measured, and the pore size of the pore 

is equal to (Ll+L2)/2. Pore sizes of200 adjacent pores are measured and an average value 

thereof is taken as the average pore size of the porous film. 

[0175] (5) Pore size distribution coefficient test of porous film 

[0176] The area of the porous film that needs to be measured is observed using the Niodel 

Sigma-02-33 Scanning Electron Microscope from Zeiss, and images are saved. Pore sizes of 

200 adjacent pores are measured to obtain a pore size distribution curve. RIO represents pore 
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sizes which reach 10% of the cumulative pore sizes from the side of small pore size in the 

pore size distribution curve (the pore sizes of 10% of the pores are less than RIO). R90 

represents pore sizes which reach 90% of the cumulative pore sizes from the side of small 

pore size in the pore size distribution curve (the pore sizes of 90% of the pores are less than 

R90). The pore size distribution coefficient Dis equal to R90/Rl0. The closer to 1 the pore 

size distribution coefficient D is, the more uniform the pore sizes will be. The higher the pore 

size distribution coefficient Dis, the poorer the uniformity of the pore sizes will be. 

[0177] (6) Average wall thickness test between adjacent pores in the porous film 

[0178] The area of the porous film that needs to be measured is observed using the Model 

Sigma-02-33 Scanning Electron Nficroscope from Zeiss, and images are saved. The wall 

thicknesses between each two adjacent pores among 200 adjacent pores are measured and an 

average value thereof is taken as the average wall thickness between adjacent pores in the 

porous film. 

[0179] (7) Rate performance test of lithium-ion battery 

[0180] At 25 degrees Celsius, the lithium-ion battery is discharged to 3.0 Vat a constant 

current of 0.2 C, rested for 10 minutes, then charged to 4.4 Vat a constant current of0.7 C, 

then charged to 0.02 Cat a constant voltage of 4.4 V, and rested for 10 min, and is further 

discharged at a constant current of 0.2 C until the voltage is 3.0 V The discharge capacity at 

this point is measured and recorded as Ql. Then, the lithium-ion battery is charged to 4.4 Vat 

a constant current of 0. 7C, is then charged to 0.02C at a constant voltage of 4.4 V, rested for 

10 minutes, then discharged at a constant current of 2 C until the voltage is 3.0 V The 

discharge capacity at this point is measured and recorded as Q2. 

[0181] 2 C/0.2 Crate performance(%) of the lithium-ion battery is equal to Q2/Ql x 

100%. 

[0182] 

[0183] 

(8) Cycle performance test of lithium-ion battery 

At 25 degrees Celsius, the lithium-ion battery is charged to 4.4 Vat a constant 

current of 0.7 C, is then charged to 0.02 Cat a constant voltage of 4.4 V, rested for 10 

minutes, is discharged to 3.0 Vat a constant current of 1 C, and rested for 10 minutes. The 

discharge capacity at this point is measured and recorded as Q3. The above-described 
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procedures are regarded as one cycle of charge and discharge; 200 cycles are performed, and 

the discharge capacity after the 200 cycles is recorded as Q4. 

[0184] The capacity retention rate(%) of the lithium-ion battery after 200 cycles is equal 

to Q4/Q3 X 100%. 

Test results [0185] 

[0186] The measured results of Examples 1-20 and comparative examples 1-3 are shown 

in Table 2 below. 

Table 2 

Porous film Lithium-ion battery 

Pore size Average 
Gurley Rate Cycle 

Thickness Porosi Average pore distribution wall 
value perform perform 

( µm) ty size( µm) coefficient thicknes 
(s/lO0cc) ance ance 

D s (nm) 

Example 1 24 2.4 58% 12 1.5 20 80.50% 86.70% 

Example 2 28 2.4 55% 7.8 2.1 90 84.20% 91.10% 

Example 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

Example 4 41 2.4 49% 3.6 3.6 320 83.90% 90.70% 

Example 5 55 2.4 46% 1.5 4.5 500 79.70% 85.30% 

Example 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

Example 6 35 2.4 52% 4.5 3 220 85.10% 92.30% 

Example 7 39 2.4 50% 3.7 3.2 300 82.90% 90.00% 

Example 8 45 2.4 48% 3.0 3.8 410 84.50% 91.50% 

Example 9 40 2.4 50% 4.0 3.4 320 85.40% 92.10% 

Example 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

Example 10 30 3.0 54% 5.5 2.2 160 86.30% 92.40% 

Example 11 28 4.0 55% 6.9 2.0 100 82.40% 89.80% 

Example 12 26 8.0 57% 8.9 1.8 70 80.20% 86.50% 

Example 13 39 2.4 51% 8.1 3.6 50 82.20% 89.30% 

Example 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 
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Example 14 34 2.4 52% 3.5 2.3 300 84.10% 90.20% 

Example 15 43 2.4 49% 2.5 3.0 240 80.20% 85.20% 

Example 16 38 2.4 51% 3.1 2.9 230 85.20% 89.70% 

Example 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

Example 17 I 2.4 53% 4.9 2.6 180 86.90% 94.60% 

Example 18 I 2.4 53% 5.1 2.6 180 87.20% 94.90% 

I 2.4 53% 4.9 2.7 180 
Example 19 85.50% 93.50% 

32 2.4 53% 5 2.5 180 

I 2.4 53% 5.1 2.6 180 
Example 20 85.70% 92.90% 

32 2.4 53% 5 2.4 180 

Example 1 36 2.4 46% I I I 68.80% 70.10% 

Example 2 20 2.4 61% 18 1.3 12 73.70% 76.30% 

Example 3 91 2.4 42% 0.5 5.3 600 72.70% 73.60% 

[0187] As can be seen from the relevant data in Table 2 above, the porous film according 

to the Examples of the present application has a higher porosity, and the lithium-ion battery 

has better rate performance and cycle performance. 

[0188] As can be seen from the analysis of the relevant data of Examples 1-5 and 

comparative examples 2-3, if the solid content of the coating solution is increased, the 

viscosity of the coating solution is increased, the exchange speed between the non-solvent 

(third solvent) in the coagulation solution and the organic solvent (first solvent) in the coating 

solution becomes lower, the average pore size of the formed porous film is decreased, the 

average wall thickness between the adjacent pores is increased, the porosity of the porous 

film is decreased, and the gas permeability of the porous film is deteriorated. However, if the 

solid content of the coating solution is too low (for example, comparative example 2), it is 

difficult to form a porous film, and the electrochemical performance of the lithium-ion 

battery is drastically degraded. The porous film in Example 3 has a larger average pore size, 

uniform pore size distribution, and a small average wall thickness between adjacent pores. If 

the solid content of the coating solution is too high (for example, comparative example 3), the 

porosity of the porous film is too low and the gas permeability of the porous film is very 
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poor. Referring to Fig 3, it can be seen that a small pore size structure tends to be formed in 

the porous film, and the average wall thickness between the adjacent pores is large, which 

seriously affects the cycle performance and rate performance of the lithium-ion battery. 

[0189] As can be seen from the analysis of the relevant data of Example 3 and Examples 

15 and 16, the rate performance and cycle performance of the lithium-ion battery is more 

significantly improved with the inorganic particles containing polar functional groups. This is 

because the surface of the inorganic particles containing polar functional groups is more 

easily combined with the non-solvent (third solvent), i.e., deionized water in the coagulating 

solution, which is advantageous for the diffusion of the deionized water into the porous film 

along the surface of the inorganic particles, and thus large pore structures are formed in the 

vicinity of the inorganic particles, and the pore structures with large average pore sizes and a 

small average wall thickness between the adjacent pores are easily obtained. 

[0190] As can be seen from the analysis of the relevant data of Example 3, Example 6 

and Example 7, if different organic solvents (second solvent) are selected, the pore structures 

in the obtained porous films are also different. The porous film formed with NMP has the 

largest average pore size and the highest porosity, the porous film formed with DMF has the 

smallest average pore size and the lowest porosity, and the porous film formed with DMAC 

has the average pore size and a porosity between those of the porous films formed with 

NlVIP and DMF respectively. 

[0191] As can be seen from the analysis of the relevant data of Example 3 and Examples 

8-12, the particle size of the inorganic particles has an effect on the improvement of the rate 

performance and cycle performance of the lithium-ion battery. If the particle size of the 

inorganic particles is increased, the exchange speed between the non-solvent (third solvent) in 

the coagulation solution and the organic solvent (first solvent) in the coating solution is 

increased, the development of the pore structure is faster, the average pore size of the formed 

pore is increased, and the average wall thickness between adjacent pores is decreased. 

[0192] As can be seen from the analysis of the relevant data of Example 3 and Examples 

13-14, the content of the organic solvent (second solvent) in the coagulation solution has a 

great effect on the rate performance and cycle performance of the lithium-ion battery. If the 
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content of the organic solvent (second solvent) in the coagulation solution is reduced, the 

average pore size of the pores in the porous film is increased. As can be seen from the 

analysis of the relevant data of Example 1 and Examples 17-20, the porous film of the 

application may be formed separately on the separator, the positive electrode, and the 

negative electrode, or may also be formed on both the separator and the positive electrode or 

formed on both the separator and the negative electrode. The lithium-ion battery has good 

rate performance and cycling performance in either case. 

[0193] It should be understood by those skilled in the art that the above-described 

Examples are only illustrative examples. Various changes, substitutions, and alterations could 

be made to the application without departing from the spirit and scope of the application. 
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What is claimed is: 

1. A porous film, comprising: 

a binder; and 

inorganic particles; 

CLAIMS 

wherein the porous film comprises pores formed by the binder, the pores at least 

comprises a part of the inorganic particles, wherein the inorganic particles have particle sizes 

thatDvl0 is in a range of0.015 µm to 3 µm, Dv50 is in a range of0.2 µm to 5 µm, and Dv90 

is in a range of 1 µm to 10 µm; Dvl0 of the inorganic particles is less than Dv50 of the 

inorganic particles, and Dv50 of the inorganic particles is less than Dv90 of the inorganic 

particles, and the inorganic particles have particle sizes that the ratio of Dv90 to DvlO is in a 

range of 2 to 100. 

2. The porous film according to claim 1, wherein the porous film has an average pore 

size of 0.3 µm to 20 µm. 

3. The porous film according to claim 1, wherein the average wall thickness between the 

pores is in a range of 20 nm to 500 nm. 

4. The porous film according to claim 1, wherein a pore size distribution coefficient of 

the pores in the porous film is in a range of 1 to 5. 

5. The porous film according to claim 1, wherein the inorganic particles are at least one 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, hafnium 

dioxide, tin oxide, cerium dioxide, nickel oxide, zirconia, zinc oxide, calcium oxide, 

boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and barium 

sulfate. 
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6. The porous film according to claim 1, wherein the binder is at least one selected from 

the group consisting of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene 

copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylic acid salt, 

sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl 

methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

7. The porous film according to claim 1, wherein the porous film has a porosity of 20% 

to 90%. 

8. The porous film according to claim 1, wherein the porous film has a thickness of 0.2 

to 10 µm. 

9. The porous film according to claim 1, wherein a volume ratio of the inorganic 

particles to the binder is in a range of 0.2 to 3.0. 

10. A lithium-ion battery, comprising: 

a positive electrode; 

a negative electrode; 

a separator, arranged between the positive electrode and the negative electrode; 

non-aqueous electrolyte; and 

a porous film, comprising: 

a binder; and 

inorganic particles; 

wherein the porous film comprises pores formed by the binder, the pores at 

least comprises a part of the inorganic particles, wherein the inorganic particles have particle 

sizes that DvlO is in a range of 0.015 µm to 3 µm, Dv50 is in a range of 0.2 µm to 5 µm, 

Dv90 is in a range of 1 µm to 10 µm; DvlO of the inorganic particles is less than Dv50 of the 

inorganic particles, and Dv50 of the inorganic particles is less than Dv90 of the inorganic 

particles; and the inorganic particles have particle sizes that the ratio of Dv90 to Dvl0 is in a 
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range of 2 to 100. 

11. The lithium-ion battery according to claim 10, wherein the porous film has an average 

pore size of 0.3 µm to 20 µm. 

12. The lithium-ion battery according to claim 10, wherein the average wall thickness 

between the pores is in a range of 20 nm to 500 nm. 

13. The lithium-ion battery according to claim 10, wherein a pore size distribution 

coefficient of the pores in the porous film is in a range of 1 to 5. 

14. The lithium-ion battery according to claim 10, wherein the inorganic particles are at 

least one selected from the group consisting of alumina, silica, magnesia, titanium oxide, 

hafnium dioxide, tin oxide, cerium dioxide, nickel oxide, zirconia, zinc oxide, calcium oxide, 

boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and barium 

sulfate. 

15. The lithium-ion battery according to claim 10, wherein the binder is at least one 

selected from the group consisting of polyvinylidene fluoride, vinylidene fluoride­

hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, 

polyacrylic acid salt, sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, 

polymethyl methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

16. The lithium-ion battery according to claim 10, wherein the porous film has a porosity 

of 20% to 90%. 

17. The lithium-ion battery according to claim 10, wherein the porous film has a thickness 

of0.2 to 10 µm. 
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18. The lithium-ion battery according to claim 10, wherein a volume ratio of the inorganic 

particles to the binder is in a range of 0.2 to 3.0. 

19. The lithium-ion battery according to claim 10, wherein the porous film is arranged on 

a surface of at least one selected from the group consisting of the positive electrode, the 

negative electrode and the separator. 
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ABSTRACT 

A porous film, including a binder and inorganic particles. The porous film includes pores 

formed by the binder. The pores at least include a part of the inorganic particles. The 

inorganic particles have particle sizes that Dvl0 is in a range of0.015 µm to 3 µm, Dv50 is in 

a range of 0.2 µm to 5 µm, and Dv90 is in a range of 1 µm to 10 µm. Dvl0 of the inorganic 

particles is less than Dv50 of the inorganic particles, and Dv50 of the inorganic particles is 

less than Dv90 of the inorganic particles, and the inorganic particles have particle sizes that 

the ratio ofDv90 to Dvl0 is in a range of 2 to 100. 

024607-02-5054-US 42 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 288 of 297

024607-02-5054-US Page 1 of 2 

FIG. 1 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 289 of 297

024607-02-5054-US Page 2 of 2 

FIG. 2 

FIG. 3 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 290 of 297

Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: POROUS FILE AMD LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Filer: Yalei Sun/Cheryl Rogers 

Attorney Docket Number: 024607-02-5054-US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 300 300 

UTILITY SEARCH FEE 1111 1 660 660 

UTILITY EXAMINATION FEE 1311 1 760 760 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 291 of 297

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1720 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 292 of 297

Electronic Acknowledgement Receipt 

EFSID: 40741211 

Application Number: 17061427 

International Application Number: 

Confirmation Number: 1915 

Title of Invention: POROUS FILE AMD LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian YI 

Customer Number: 24341 

Filer: Yalei Sun 

Filer Authorized By: 

Attorney Docket Number: 024607-02-5054-US 

Receipt Date: 01-OCT-2020 

Filing Date: 

Time Stamp: 20:10:24 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1720 

RAM confirmation Number E202001K10507499 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 293 of 297

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (ifappl.) 

2454836 

1 
024607-02-5054-

58 
US_Application.pdf 

yes 
3262f1 a 1 50171 a46c92872346e71489cd 17 

f842 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal of New Application 1 1 

Fee Worksheet (SB06) 2 2 

Application Data Sheet 3 10 

Oath or Declaration filed 11 14 

Specification 15 51 

Claims 52 55 

Abstract 56 56 

Drawings-only black and white line drawings 57 58 

Warnings: 

Information: 

34770 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
6ebd21d287aae486378bd459f10524d339 

dObbSe 

Warnings: 

Information: 

Total Files Size (in bytes) 2489606 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 294 of 297

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 295 of 297

UTILITY Attorney Docket No. I 024607-02-5054-US 

PATENT APPLICATION First Inventor Jianjian YI, et al. 

TRANSMITTAL Title POROUS FILM AND LITHIUM-ION BATTERY 
(Only for new nonprovisional applications under 37 CFR § 1.53(b)) 

Electronically filed I October 1, 2020 

APPLICATION ELEMENTS Address to: Commissioner for Patents 
P.O. Box 1450 

See MPEP Chapter 600 concerning utility patent application contents. Alexandria, VA 22313-1450 

1. □ Fee Transmittal Form (with duplicate for fee processing) ACCOMPANYING APPLICATION PARTS 

2. □ Applicant claims Small Entity status, see 37 C.F.R. § 1.27 9. □ Assignment Papers (cover sheet & document(s)) 

3. 1Z1 Specification [Total Pages 42 ] Name of Assignee: 

4. 1Z1 Drawing(s) (35 USC§ 113) [Total Sheets 3 ] 10. □ 37 CFR § 3.73(c) Statement 

5. 1Z1 Oath or Declaration [Total Pages 4] a. D Power of Attorney 

a. D Newly executed (original or copy) 
11. □ b. IZ! Copy from a prior application (37 CFR § 1. 63(d)) English Translation Document (if applicable) 

6. 1Z1 Application Data Sheet, see 37 C.F.R. § 1.76 12. □ Information Disclosure Statement and PTO-1449 
a. D Copies of citations attached 

7. □ CD-ROM or CD-R in duplicate, large table or Computer 13. □ Preliminary Amendment 
Program (Appendix) 
D Landscape Table on CD 

8. □ Nucleotide and/or Amino Acid Sequence Submission 14. □ Return Receipt Postcard (MPEP 503) 
(if applicable, all necessary) 
a. □computer Readable Form (CRF) 

15. □ Certified Copy of Priority Document(s) 
b. □Specification Sequence Listing on 

(if foreign priority is claimed) 
i. D CD-ROM or CD-R (2 copies); or 
ii. D Paper 16. □ Non-Publication Request 

c. D Statement verifying identity of above copies 
under 35 U.S.C. § 122 (b)(2)(B)(i) 

17. □ Other: 

Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 MUST be included in an Application 
Data Sheet (ADS). 
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the 
applicant is an assignee, person to whom the inventor is under an obligation to assign, or person who otherwise 
shows sufficient proprietary interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS: Customer Number 24341 

Signature /Yalei Sun/ Date I October 1, 2020 

Name 
(Print/Type) Yalei Sun Registration No. 157,765 

(Attorney/Agent) 

C:\Users\mp074366\Desktop\ATL Application\024607-
02-5054-US\024607-02-5054-US Utility Patent 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 296 of 297

Attorney Docket No. I 024607-02-5054-US 

UTILITY First Inventor Jianjian YI, et al. 
PATENT APPLICATION Title POROUS FILM AND LITHIUM-ION 

FEE TRANSMITTAL BATTERY 
(Only for new nonprovisional applications under 37 CFR § 1.53(b)) 

Electronically filed I October 1 , 2020 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

BASIC FILING, SEARCH AND EXAMINATION FEES 
Application Type Filing Fees Search Fees Examination Fees 

Utility $300 $ 660 $ 760 

EXCESS CLAIM FEES 

Type No. Filed Less Extra Extra Rate ($} 

Total Claims 19 - 20 0 $ 100 each 

Independent 2 -3 0 $ 460 each 

Multiple Dependency Fee 
If Applicable ($820) 

APPLICATION SIZE FEE (Specification and Drawings) 

Total Sheets Extra Sheets No. of each add'I 50 or fraction thereof 

45 X .75- 100 150 (round up to whole no.) x $400 

Sub Total 

Applicant qualifies for the 50% Reduction for Independent 
Inventor, Nonprofit Organization or Small Business Concern 

plus electronic filing discount of $75 

TOT AL FILING FEE 

Fees Paid ($} 

$1720 

Fee($} 

0 

0 

0 

Fee($) 

0 

1720 

1720 

Please charge the total filing fee and any other additional fees to Morgan, Lewis & Bockius LLP Deposit Account 50-
0310 (order no. 024607-02-5054-US). 

Date: October 1, 2020 

Respectfully submitted, 

/Yalei Sun/ 

Yalei Sun 
MORGAN, LEWIS & BOCKIUS LLP 
1400 Page Mill Road 
Palo Alto, CA 94304 
(650) 843-4000 

57,765 
(Reg. No.) 



Zhuhai CosMX Battery Co. - EX1002 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 297 of 297

DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17061427 Document Date: 1010112020 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 


	24341_17061427_01-18-2023_Issue Notification
	24341_17061427_01-04-2023_List of References cited by applicant and considered by examiner
	24341_17061427_01-03-2023_Communication - Re:  Power of Attorney (PTOL-308)
	24341_17061427_12-29-2022_Issue Fee Payment (PTO-85B)
	24341_17061427_12-29-2022_Fee Worksheet (SB06)
	24341_17061427_12-29-2022_Electronic Filing System Acknowledgment Receipt
	24341_17061427_12-29-2022_Power of Attorney
	24341_17061427_12-29-2022_Miscellaneous Incoming Letter
	24341_17061427_12-29-2022_Electronic Filing System Acknowledgment Receipt
	24341_17061427_12-29-2022_Assignee showing of ownership per 37 CFR 3.73
	24341_17061427_10-04-2022_Notice of Allowance and Fees Due (PTOL-85)
	24341_17061427_10-04-2022_List of references cited by examiner
	24341_17061427_10-04-2022_Index of Claims
	24341_17061427_10-04-2022_Issue Information including classification, examiner, name, claim, renumbering, etc.
	24341_17061427_10-04-2022_Search information including classification, databases and other search related notes
	24341_17061427_10-04-2022_Examiner's search strategy and results
	24341_17061427_10-04-2022_List of References cited by applicant and considered by examiner
	24341_17061427_10-04-2022_Bibliographic Data Sheet
	24341_17061427_11-29-2021_Information Disclosure Statement (IDS) Form (SB08)
	24341_17061427_11-29-2021_Foreign Reference
	24341_17061427_11-29-2021_Foreign Reference
	24341_17061427_11-29-2021_Foreign Reference
	24341_17061427_11-29-2021_Foreign Reference
	24341_17061427_11-29-2021_Foreign Reference
	24341_17061427_11-29-2021_Electronic Filing System Acknowledgment Receipt
	24341_17061427_11-29-2021_Transmittal Letter
	24341_17061427_01-21-2021_Notice of Publication
	24341_17061427_11-10-2020_Filing Receipt
	24341_17061427_11-10-2020_Acceptance of Request under Rule 48 to correct inventorship or name
	24341_17061427_11-06-2020_Request under Rule 48 correcting inventorship
	24341_17061427_11-06-2020_Oath or Declaration filed
	24341_17061427_11-06-2020_Fee Worksheet (SB06)
	24341_17061427_11-06-2020_Electronic Filing System Acknowledgment Receipt
	24341_17061427_11-06-2020_Application Data Sheet
	24341_17061427_11-06-2020_Request for Corrected Filing Receipt
	24341_17061427_10-14-2020_Fee Worksheet (SB06)
	24341_17061427_10-14-2020_Filing Receipt
	24341_17061427_10-14-2020_Miscellaneous Communication to Applicant - No Action Count
	24341_17061427_10-13-2020_Fee Worksheet (SB06)
	24341_17061427_10-01-2020_Application Data Sheet
	24341_17061427_10-01-2020_Oath or Declaration filed
	24341_17061427_10-01-2020_Specification
	24341_17061427_10-01-2020_Claims
	24341_17061427_10-01-2020_Abstract
	24341_17061427_10-01-2020_Drawings-other than black and white line drawings
	24341_17061427_10-01-2020_Fee Worksheet (SB06)
	24341_17061427_10-01-2020_Electronic Filing System Acknowledgment Receipt
	24341_17061427_10-01-2020_Transmittal of New Application
	24341_17061427_10-01-2020_Placeholder sheet indicating presence of supplemental content in Supplemental Complex Repository for Examiners(SCORE)



