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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 

16/000,764 11/10/2020 

20995 7590 10/21/2020 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

PATENT NO. 

10833355 

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

ATTORNEY DOCKET NO. 

DHNG001.005AUS 

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. 

2445 

The Patent Te1m Adjustment is 192 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 Data Management (ODM) at 
(571)-272-4200. 

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

Jianjian Yi, Ningde, CHINA; 
Ningde Amperex Technology Limited, Ningde, CHINA; 
Xinzhi Zhang, Ningde, CHINA; 
Zengbin Wei, Ningde, CHINA; 
Xinghua Tao, Ningde, 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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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/000,764 06/05/2018 

20995 

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 DHNG001.005AUS 
CONFIRMATION NO. 2445 

POA ACCEPTANCE LETTER 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 11111111111111111 lllll ll]~!l]!U~l!~!~!,IUl!lill lllll lllll lllll llll llll 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Date Mailed: 10/05/2020 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/01/2020. 

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. 

/dtdinh/ 

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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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 01/31/2018. OMS 0651-0035 
U.S Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 

Under tile Paperwork Retiuclion Act of 1995. no persons are requiret1 lo respond to a collection of information uniess it tiispiays a valiri 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the appiication to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless ttle application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in the application. 

. 
imber 16/000764 

Filing Date June 5, 2018 

First Named Inventor Jianjian Yi 

Title POROUS FILM AND LITHIUM-ION BATTERY 

Art Unit 1727 

Examiner Name Gary D. Harris 
Attorney Docket Number DHNG001.005AUS 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Xiaoyu Wang/ Date (Optional) 

Name Xiaoyu Wang Registration 75640 
Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

I 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

□ *Total of forms are submitted. 

Thls collection of information is required by 37 CFR 1. 131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public wtiictl 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 3 minutes to complete, including gathering, preparing, and submitting t~1e 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, 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. 

ff you need assistance in completing the form, calf 1-800-PT0-9199 and select option 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 the Freedom of Information Act requires disclosure of these records. 

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 197 4, 
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 inspections 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: 16000764 

Filing Date: 05-Jun-2018 

Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian Yi 

Filer: Xiaoyu Wang/Priya Patel 

Attorney Docket Number: DHNG00l .00SAUS 

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 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 40730225 

Application Number: 16000764 

International Application Number: 

Confirmation Number: 2445 

Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 20995 

Filer: Xiaoyu Wang/Gustavo Lopez 

Filer Authorized By: Xiaoyu Wang 

Attorney Docket Number: DHNG001.005AUS 

Receipt Date: 01-OCT-2020 

Filing Date: 05-JUN-2018 

Time Stamp: 14:05:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E202001E05549763 

Deposit Account 111410 

Authorized User Gustavo Lopez 

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

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

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

21138 

1 
Post Allowance Communication -

Comments_DHNGO0l .pdf no 2 
Incoming 

fe8ce23ed4e42de4df9846a022784ce9fefcS 
Oda 

Warnings: 

Information: 

198731 

2 Issue Fee Payment (PTO-85B) lssue_Fee_DHNG00l .pdf no 1 
7e9de3a3353106e4f1854b0Sff8d9c5d40e9 

d11d 

Warnings: 

Information: 

2374199 

3 Power of Attorney POA_DHNG00l .pdf no 3 
b4896b4bbc4bb40443e6d 1 Sb6213537c26 

7e825c 

Warnings: 

Information: 

30165 

4 Fee Worksheet (5B06) fee-info.pdf no 2 
Sbf3ec5fd8d3b599adf8334f9db5af4cc1 81 

b371 

Warnings: 

Information: 

Total Files Size (in bytes) 2624233 
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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. 
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Docket No.: DHNG001.005AUS Page 1 of 2 
Please Direct All Correspondence to Customer Number 20,995 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Inventor Jianjian Yi 

16/000,764 

June 5, 2018 

App. No. 

Filed 

For 

Examiner 

Art Unit 

Conf. No. 

POROUS FILM AND LITHIUM-ION 
BATTERY 

Harris, Gary D. 

1727 

2445 

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE 

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

Dear Sir: 

In response to the Statement of Reasons for Allowance in the Notice of Allowance dated 

August 24, 2020, the Applicant respectfully submits the following comments. Applicant 

acknowledges the Statement of Reasons for Allowance in the above-referenced patent 

application and agrees that the claimed subject matter is patentable. However, Applicant takes 

no position regarding the Reasons for Allowance presented by the Examiner and therefore 

respectfully traverses them. Therefore, the Examiner's Reasons for Allowance should not be 

attributed to Applicant as an indication of the basis for Applicant's belief that the claims are 

patentable. Additionally, Applicant respectfully disagrees with the Examiner's Statement of 

Reasons for Allowance to the extent it may suggest that a given claim requires limitations that 

are not explicitly recited therein. And to the extent that the paraphrasing of the subject matter of 

the claims deviates from the actual language of the claims, Applicant respectfully reserves the 

right to disagree with the Reasons for Allowance. Also, to the extent that there is any 

implication that the patentability of the claims rests on the recitation of one or more features, 

Applicant respectfully disagrees with the Examiner's Statement because it is the combination of 

features that makes the claims patentable and not any particular feature or sub-combination of 
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Docket No.: DHNG001.005AUS Page 2 of 2 
Please Direct All Correspondence to Customer Number 20,995 

elements. Applicant reserves the right to pursue at a later date any previously pending or other 

broader or narrower claims that capture any subject matter supported by the application's 

disclosure. Accordingly, reviewers of this or any child or related prosecution history shall not 

reasonably infer that the Applicants have made any disclaimers or disavowals of any subject 

matter. 

Please charge any additional fees, including any fees for additional extension of time, or 

credit overpayment to Deposit Account No. 11-1410. 

Dated: October 1, 2020 

33498404 

By: /Xiaoyu Wang/ 
Xiaoyu Wang 
Registration No. 75,640 
Patent Practitioner 
(212) 849-3000 
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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 l 450 
Alexandria, Virginia 22313-1450 

By fax, send to: (57 l )-273-2885 

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use B!ock l for any change of address) 

20995 7590 08/24/2020 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

APPLICATION NO. FILING DATE 

16/f)00,764 06/05/2018 

J'\Jote: A certificate of rrrn.iJh1g can only be used for dcnnestic n1aHings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additjonaJ paper, such as an assignn1ent or formaJ drawing, n1ust 
have its own certjficate of rru:dHng or transn1issfrJn 

Certificate of Mailing or Transmission 
1 hereby that this Fee(s) Transmhrn1 is being deposhed with the United 
Stales Postal with sufficient postage for first clm,s mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 

lilic U Si'IO ,i., bW Web rn by foosi rniill fo (571) m '885. ,:,:',;'.:'.'. ::::,

1 

■ (Stgna.ttffeJ• 

tc) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Jianjian Yi DHNG0Ol .005AlJS 2.445 

TITLE OF INVENTION: POROUS FILM AND UTHHJM-JON BATTERY 

APPLN.TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER AJUUNJT 

HARRIS, GARY D 1727 

l. Change of correspondence address or indication of '"Fee Address" (37 
CFR J.363). 

~:J Change of co1Tespondence address ( or Change of Correspondence 
Address fonn_ PTO/SB/L!2) attached< 

[.J "Pee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOT AL FEE(S) DUE DATE DUE 

$0.00 S0.00 

CLASS-SUBCLASS 

429-209000 

2. For printing on the patent front page, list 
( l) The names of up to 3 registered paten! attorneys 
or agents OR. alternatively. 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the narr1es of up to 
'.2 registered patent attorneys or agents. If no narne is 
listed, no name will be printed. 

$1000 11/24/2020 

Knobbe, Martens, Olson 
& Bear, LLP 

2 ___________ _ 

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

PLEASE NOTE: lJnle% an assignee is identified below, no assignee data will appem 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 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Ningde Arnperex Technology Limited 

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

Ningde, Fujian, China 

Please check the appropriate assignee category or categories (wilJ not be pdnted on the patent) : [] lndjvidual ~ Co1porath_1n or orher pdvate group enthy [] Government 

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

4h. l'v1ethod of Payment: ( Please first reapply any previously paid fee shown above) 

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

[l The Director is hereby authorized lo charge the required fee(s). any deficiency, or credit any overpayment to Deposit Account No .. l.l0J1±1D. .. 

Clurng~ in Entity Status (from status indicated above) 

[] Appljcant certifyjng n1icro entity status, See 37 CFR ] .~!9 

0 Applicant asserting small entity status. See 37 CFR l.27 

l.J 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 mkro entity amount wiH not be accepted at the risk of appJication abandonn1ent. 
NOTE: If the appHcation was previously under n1icro en thy status, checkfog this box V/ill be taken 
lo be a notification of loss of entitlement lo micro en lily status. 
NOTE:. Checking this box wili 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 accorda,.'1ce with 37 CFR 1.31 and 1.33. See 37 CFR l.4 for signature requirements and certifications. 

Authorized Signature __ /_X_ia_o_y~u_W __ a_n-g_/ __________ _ 
Xiao11u vv ang 

Typed or prhned nmne _____________________ _ 

PTOL-85 Part B (08-181 Approved for use through OJ /3 li2020 
Page 2 of 3 

0MB 0651-0033 

Dale_2_0_2_0_-_1_0_-0_1 _______ _ 
75640 

Regjstration 1\io. _______________ _ 

O.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMJ'vlERCE 
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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 

20995 7590 08/24/2020 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

APPLICATION NO. FILING DATE 

16/000,764 06/05/2018 

FIRST NAMED INVENTOR 

Jianjian Yi 

TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY 

EXAMINER 

HARRIS, GARY D 

ART UNIT PAPER NUMBER 

1727 

DATE MAILED: 08/24/2020 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

DHNG001.005AUS 2445 

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 11/24/2020 

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 and an extra copy of the form should be submitted. If an equivalent of Part B is 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. 
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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) 

20995 7590 08/24/2020 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

APPLICATION NO. FILING DATE 

16/000,764 06/05/2018 

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 DHNG001.005AUS 2445 

TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

HARRIS, GARY D 1727 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

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

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a 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. 

$1000 11/24/2020 

2 _____________ _ 

3 _____________ _ 

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 must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(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 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 16 of 206

UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/000,764 06/05/2018 

20995 7590 08/24/2020 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

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. 

DHNG001.005AUS 2445 

EXAMINER 

HARRIS, GARY D 

ART UNIT PAPER NUMBER 

1727 

DATE MAILED: 08/24/2020 

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. 
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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. 
16/000,764 
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 remarks and amendment filed on 07/22/2020. 

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 1-2 and 6-10 . 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. __ . 

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) 5. 0 Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. 0 Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. 0 Examiner's Comment Regarding Requirement for Deposit 7.00ther __ 
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 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200817 
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Application/Control Number: 16/000,764 
Art Unit: 1727 

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

Page 2 

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

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

The application has been amended as follows: 

Claims 11-20 are cancelled in view of the restriction requirement filed on 

04/1 0/2020. 

Allowable Subject Matter 

Claims 1-2 & 6-10 are allowed. 

The following is an examiner's statement of reasons for allowance: 

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 comprises 

a part of the inorganic particles (filler). 
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Application/Control Number: 16/000,764 
Art Unit: 1727 

Page 3 

However, Murata fails to teach, suggest or render obvious the particles sizes and 

ranges as required in the independent claim and as argued by applicant in response 

filed 07/22/2020. 

This application is in condition for allowance except for the presence of claims 

11-20 directed to a lithium-ion battery non-elected without traverse in the response filed 

on 04/10/2020. Accordingly, Claims 11-20 have been canceled. 

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: 16/000,764 
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 Reexamination 

Index of Claims 16/000,764 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. D R.1.47 

CLAIM DATE 
Final Original 04/17/2020 08/17/2020 

1 ✓ = 
2 ✓ = 
3 ✓ -
4 ✓ -
5 ✓ -
6 ✓ = 
7 ✓ = 
8 ✓ = 
9 ✓ = 
10 ✓ = 
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -

U.S. Patent and Trademark Office Part of Paper No.: 20200817 

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

Issue Classification 16/000,764 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 2 164 2013-01-01 

H01M 4 583 2013-01 ·01 

H01M 4 661 2013-01-01 

H01M 2 145 2013-01-01 

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) 7 

/GARY D HARRIS/ 17 August 2020 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 2 

U.S. Patent and Trademark Office Part of Paper No.: 20200817 

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

Issue Classification 16/000,764 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) 7 

/GARY D HARRIS/ 17 August 2020 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 2 
U.S. Patent and Trademark Office Part of Paper No.: 20200817 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 16/000,764 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 7 10 - 19 
2 2 - 11 - 20 
- 3 - 12 
- 4 - 13 
- 5 - 14 
3 6 - 15 
4 7 - 16 
5 8 - 17 
6 9 - 18 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 7 

/GARY D HARRIS/ 17 August 2020 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1727 

(Primary Examiner) (Date) 1 2 
U.S. Patent and Trademark Office Part of Paper No.: 20200817 

Page 3 of 3 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 26 of 206

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

Search Notes 16/000,764 Yi etal. 

Examiner Art Unit 

GARY D HARRIS 1727 

CPC - Searched* 

Symbol Date Examiner 

(H01M10/0525 H01M2/145 H01M4/661 H01M4/583 H01M2/164 gh 
H01 M4/623 H01 M2004/027 H01 M2004/028 or H01 M2/166 H01 M2/ 04/17/2020 
1646 H01 M2/1653 H01 M2/16 H01 M2/1606).cpc. 

CPC Combination Sets - Searched* 

Symbol Date Examiner 

US Classification - Searched* 

Class Subclass Date Examiner 

429 209 04/17/2020 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 in EAST. 04/17/2020 gh 

Updated EAST search based on amendments and remarks. 08/17/2020 gh 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

H01M 10/0525 4/623 2/164 4/583 4/661 2/145 2004/028 08/17/2020 gh 2004/027 2/1653 2/1646 2/166 2/1606 2/16 

429 209 08/17/2020 gh 

/GARY D HARRIS/ 
Primary Examiner, Art Unit 1727 

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

Part of Paper No.: 20200817 
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EAST Search History 

EAST Search History (Prior Art) 

Ref Hits Search Query DBs Default Plurals Time 
# upe,a1.u1 mp 

L12 1 F.n? n14 "11" and (binder, polyvinylidene adj U5-PGPUB; OR ON 2020/08/17 
fluoride, vinylidene adj U5PAT; 14:30 
fluoride$1hexafluoropropylene adj U5OCR; 
copolymer, polyamide, FPRS; EPO; 
polyacrylonitrile, polyacrylate, JPO; 
polyacrylic adj acid, polyacrylic adj acid DERWENT; 
adj salt, sodium adj IBM_TDB 
carboxymethylcellulose, 
polyvinylpyrrolidone, polyvinyl adj 
ether, polymethyl adj methacrylate, 
po lytetrafl uo roethyle ne, 
polyhexafluoropropylene) 

52 2 (U5-1234567-$ I U5-28676403-$).DID. U5-PGPUB; OR ON 2020/04/17 
U5PAT; 10:13 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

53 5 (AI-1234567-$ I CN-103474602-$ I U5-PGPUB; OR ON 2020/04/17 
CN-205004376-$ I JP-1234567-$).DID. U5PAT; 10:14 

U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

54 2 "16000764" U5-PGPUB; OR ON 2020/04/17 
U5PAT; 10:21 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

55 19,457 porous with inorganic with particle U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:20 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

56 67,912 (porous, pores, porosity) with binder U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:20 
U5OCR; 
FPRS; EPO; 
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JPO; 
DERWENT; 
IBM_TDB 

57 119,978 (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
(nanometer, nm) U5PAT; 11:21 

U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

58 137,888 (porous, pores, porosity) with size ·ith U5-PGPUB; OR ON 2020/04/17 
(micro, micron, micro$1meter U5PAT; 11:23 
".mu.m") U5OCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

59 5,978 55 and 56 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:24 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.0 7,350 56 and 57 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:24 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

511 19,936 57 and 58 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:25 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.2 1,316 59 and 510 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:25 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.3 2,183 510 and 511 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:25 
U5OCR; 
FPRS; EPO; 
JPO; 
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DERWENT; 
IBM_TDB 

.4 507 512 and 513 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:25 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.5 189,519 (H0lMl0/0525 or H01M2/145 or U5-PGPUB; OR ON 2020/04/17 
H01M4/661 or H01M4/583 or U5PAT; 11:26 
H01M2/164 or H01M4/623 or U5OCR; 
H01M2004/027 or H01M2004/028 or FPRS; EPO; 
H01M2/166 or H01M2/1646 or JPO; 
H01M2/1653 or H01M2/16 or DERWENT; 
H01M2/1606).cpc. IBM_TDB 

.6 3,783 429/209.ccls. U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:26 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.7 191,425 515 516 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:26 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_· 

.8 207 514and 517 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:27 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

.9 195 518 and (alumina, silica, magnesia, U5-PGPUB; OR ON 2020/04/17 
titanium adj oxide, hafnium adj U5PAT; 11:30 
dioxide, tin adj oxide, cerium adj U5OCR; 
dioxide, nickel adj oxide, zirconia) FPRS; EPO; 

JPO; 
DERWENT; 
IBM_TDB 

:o 41 518 and (magnesium adj hydroxide, U5-PGPUB; OR ON 2020/04/17 
calcium adj hydroxide, barium adj U5PAT; 11:33 
sulfate) U5OCR; 

FPRS; EPO; 
JPO; 
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DERWENT; 
IBM_TDB 

521 58 518 and (zinc adj oxide, calcium adj U5-PGPUB; OR ON 2020/04/17 
oxide) U5PAT; 11:34 

U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

:2 196 519 520 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:35 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

:3 196 521522 U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:37 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

24 189 523 and (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
binder same (film, layer, coat$3) U5PAT; 11:38 

U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_· 

:5 1 524 and (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
(nanometer, nm) with wall adj U5PAT; 11:39 
thickness U5OCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

:6 1 524 and (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
(nanometer, nm) same wall adj U5PAT; 11:40 
thickness U5OCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

:7 85 524 and (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
(nanometer, nm) samethickness U5PAT; 11:40 

U5OCR; 
FPRS; EPO; 
JPO; 
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DERWENT; 
IBM_TDB 

:8 46 527 and (porous, pores, porosity) with U5-PGPUB; OR ON 2020/04/17 
(average, avg) with size with (micro, U5PAT; 11:41 
micron, micro$1meter".mu.m") U5OCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

29 46 528 and (polyvinylidene adj fluoride, U5-PGPUB; OR ON 2020/04/17 
vinylidene adj U5PAT; 11:44 
fluoride$1hexafluoropropylene adj U5OCR; 
copolymer, polyamide, FPRS; EPO; 
polyacrylonitrile, polyacrylate, JPO; 
polyacrylic adj acid, polyacrylic adj acid DERWENT; 
adj salt, sodium adj IBM_TDB 
carboxymethylcellulose, 
polyvinylpyrrolidone, polyvinyl adj 
ether, polymethyl adj methacrylate, 
polytetrafluoroethylene, 
polyhexafluoropropylene) 

io 35 528 and binder same (polyvinylidene U5-PGPUB; OR ON 2020/04/17 
adj fluoride, vinylidene adj U5PAT; 11:45 
fluoride$1hexafluoropropylene adj U5OCR; 
copolymer, polyamide, FPRS; EPO; 
polyacrylonitrile, polyacrylate, JPO; 
polyacrylic adj acid, polyacrylic adj acid DERWENT; 
adj salt, sodium adj IBM_TDB 
carboxymethylcellulose, 
polyvinylpyrrolidone, polyvinyl adj 
ether, polymethyl adj methacrylate, 
po lytetrafl uo roethyle ne, 
polyhexafluoropropylene) 

531 1 530 and ("Dvl0", "Dv50") U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:47 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

12 15 530 and particle adj size same range U5-PGPUB; OR ON 2020/04/17 
U5PAT; 11:48 
U5OCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

;3 1 531 and particle adj size same U5-PGPUB; OR ON 2020/04/17 
range.elm. U5PAT; 11:52 

U5OCR; 
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FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

34 1 531 and (porous, pores, porosity) with US-PGPUB; OR ON 2020/04/17 
binder same (film, layer, coat$3).clm. USPAT; 11:53 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

S 2 "16000764" US-PGPUB; OR ON 2020/04/17 
USPAT; 14:06 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

EAST Search History (Interference) 

Ref Hits Search Query DBs Default Plurals Time 
# Operator Stamp 

L1 2,101 429/209.ccls. us- OR ON 2020/08/17 
PGPUB; 14:08 
USPAT 

L2 41,066 (H0lMl0/0525 or H01M4/623 or H01M2/164 us- OR ON 2020/08/17 
or H01M4/583 or H01M4/661 or H01M2/145 PGPUB; 14:09 
or H01M2004/028 or H01M2004/027 or USPAT 
H01M2/1653 or H01M2/1646 or H01M2/166 
or H01M2/1606 or H01M2/16).cpc. 

L3 41,066 (H0lMl0/0525 H01M4/623 H01M2/164 us- OR ON 2020/08/17 
H01M4/583 H01M4/661 H01M2/145 PGPUB; 14:10 
H01M2004/028 H01M2004/027 H01M2/1653 USPAT 
H01M2/1646 H01M2/166 H01M2/1606 
H01M2/16).cpc. 

L4 17,012 (porous, pores, porosity, nano$1porous) with us- OR ON 2020/08/17 
binder same (film, layer, coat$3) PGPUB; 14:21 

USPAT 

LS ;3 (porous, pores, porosity, nano$1porous) us- OR ON 2020/08/17 
same (thick$4, diameter) with (nm, PGPUB; 14:23 
nanometer, micro, micron, micrometer) USPAT 

L6 4,655 4 and 5 us- OR ON 2020/08/17 
PGPUB; 14:24 
USPAT 

L7 4,655 6 and (size, diameter, thick$4) with (nm, us- OR ON 2020/08/17 
nanometer, micro, micron, micrometer) PGPUB; 14:25 

USPAT 
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LS 34 6 and (size, diameter, thick$4) with (nm, us- OR ON 2020/08/17 
nanometer, micro, micron, micrometer) same PGPUB; 14:26 
Dv USPAT 

LlO 1,882 6 and (size, diameter, thick$4) with (nm, us- OR ON 2020/08/17 
nanometer, micro, micron, micrometer) same PGPUB; 14:27 
(volume, accumulation, Dv) USPAT 

Lll 390 10 and (size, diameter, thick$4) with (micro, us- OR ON 2020/08/17 
micron, micrometer) with (volume, PGPUB; 14:28 

,, Dv) USPAT 
L13 390 11 and (binder, polyvinylidene adj fluoride, us- OR ON 2020/08/17 

vinylidene adj fluoride$1hexafluoropropylene PGPUB; 14:30 
adj copolymer, polyamide, polyacrylonitrile, USPAT 
polyacrylate, polyacrylic adj acid, polyacrylic 
adj acid adj salt, sodium 
carboxymethylcellulose, fJUly-•11 'Y'l-'YI I u;;UUI 1c:, 

polyvinyl adj ether, 1-1u,y11,,;:;L"Y' 

methacrylate, 1-1u,yLc:L1 a~;uu1uc:L1 ,y,,;:;, 1c:, 

polyhexafluoropropylene) 

L14 233 11 and (binder, polyvinylidene adj fluoride, us- OR ON 2020/08/17 
vinylidene adj fluoride$1hexafluoropropylene PGPUB; 14:31 
adj copolymer, polyamide, polyacrylonitrile, USPAT 
polyacrylate, polyacrylic adj acid, polyacrylic 
adj acid adj salt, sodium adj 
ca rboxymethylcel I ulose, polyvinyl pyrrolidone, 
polyvinyl adj ether, polymethyl adj 
methacrylate, polytetrafluoroethylene, 
polyhexafluoropropylene) .elm. 

L15 70 14 and (size, diameter, thick$4) with (micro, us- OR ON 2020/08/17 
micron, micrometer) with (volume, PGPUB; 14:32 
accumulation, Dv).clm. USPAT 

L16 65 15 and (diameter, size, thick$4) same range us- OR ON 2020/08/17 
PGPUB; 14:33 
USPAT 

L17 43 16 and (diameter, size, thick$4) same range us- OR ON 2020/08/17 
with (micro, micron, inch, inches) PGPUB; 14:34 

USPAT 
L18 24 17 and (diameter, size, thick$4) same range us- OR ON 2020/08/17 

with (micro, micron, inch, inches).clm. PGPUB; 14:35 
USPAT 

L19 4 18 and (inorganic, alumina, silica, magnesia, us- OR ON 2020/08/17 
titanium adj oxide, hafnium adj dioxide, tin PGPUB; 14:38 
adj oxide, cerium adj dioxide, nickel adj USPAT 
oxide, zirconia, zinc adj oxide, calcium adj 
oxide, boehmite, aluminum adj hydroxide, 
magnesium adj hydroxide, calcium adj 
hydroxide, barium adj sulfate) with 
(diameter, size, thick$4) same range with 
(micro, micron, inch, inches).clm. 
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L20 42,101 1, 2 us- OR ON 2020/08/17 
PGPUB; 14:39 
USPAT 

L21 0 19 and 20 us- OR ON 2020/08/17 
PGPUB; 14:39 
USPAT 

L22 6 18 and 20 us- OR ON 2020/08/17 
PGPUB; 14:40 
USPAT 

536 39,113 (H0lMl0/0525 H01M2/145 H01M4/661 us- OR ON 2020/04/17 
H01M4/583 H01M2/164 H01M4/623 PGPUB; 15:07 
H01M2004/027 H01M2004/028 or USPAT 
H01M2/166 H01M2/1646 H01M2/1653 
H01M2/16 H01M2/1606).cpc. 

537 2,101 429/209.ccls. us- OR ON 2020/04/17 
PGPUB; 15:08 
USPAT 

8/17/2020 2:41:52 PM 
C: \Users\gharris\DJcuments\EAST\ Workspaces\16000764. wsp 
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Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Commissioner: 

The Office Action mailed on April 22, 2020, has been carefully considered. In response 

thereto, Applicants hereby submit the following amendments and remarks. 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks/ Argument begin on page 6 of this paper. 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 37 of 206

Application No.: 
Filing Date: 

16/000764 
June 5, 2018 

Amendments to the Claims 

This listing of claims will replace all prior versions, and listings, of claims. 

Listing of Claims 

1. (Currently amended) 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, and the average wall thickness between the pores is in a range of 

20 nm to 500 nm, 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 I µm to 10 µm; 

DvlO is less than Dv50, and Dv50 is less than Dv90; and the ratio of Dv90 to DvlO is in a range 

of 2 to 100. 

2. (Original) The porous film according to claim 1, wherein the porous film has an average 

pore size of 0.3 µm to 20 µm. 

3. (Cancelled) 

4. (Cancelled) 

5. (Cancelled) 

6. (Original) The porous film according to claim 1, wherein a pore size distribution 

2 
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coefficient of the pores in the porous film is in a range of I to 5. 

7. (Original) The porous film according to claim 1, wherein 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. 

8. (Original) The porous film according to claim 1, wherein 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 polyhexafluoropropylene. 

9. (Original) The porous film according to claim 1, wherein the porous film has a porosity 

of 20% to 90%, and the porous film has a thickness of 0.2 to 10 µm. 

10. (Original) 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. 

11. (Withdrawn) A lithium-ion battery, comprising: 

a positive electrode; 

a negative electrode; 

a separator, arranged between the positive electrode and the negative electrode; 

3 
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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, and the average wall thickness between the pores is in a range of 

20 nm to 500 nm. 

12. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous film has 

an average pore size of 0.3 µm to 20 µm. 

13. (Withdrawn) The lithium-ion battery according to claim 11, 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, and Dv90 is in a range of I µm to 10 µm. 

14. (Withdrawn) The lithium-ion battery according to claim 13, wherein 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. 

15. (Withdrawn) The lithium-ion battery according to claim 11, wherein the inorganic 

particles have particle sizes that the ratio of Dv90 to DvlO is in a range of 2 to 100. 

16. (Withdrawn) The lithium-ion battery according to claim 11, wherein a pore size 

4 
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distribution coefficient of the pores in the porous film is in a range of 1 to 5. 

17. (Withdrawn) The lithium-ion battery according to claim 11, wherein 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. 

18. (Withdrawn) The lithium-ion battery according to claim 11, wherein 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 polyhexafluoropropylene. 

19. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous film has 

a porosity of 20% to 90%, and the porous film has a thickness of 0.2 to 10 µm, and a volume 

ratio of the inorganic particles to the binder is in a range of 0.2 to 3 .0. 

20. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous film is 

arranged on a surface of at least one of the positive electrode, the negative electrode and the 

separator. 

5 
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REMARKS 

This paper is filed in response to the Office Action mailed April 22, 2020, (hereinafter 

"Office Action") in connection with the above-referenced application. By way of summary, 

Claims 1-10 were pending in the application, and Claims 11-20 were previously withdrawn. In 

this response, Claim I is being amended. Claims 3-5 have been cancelled. Applicant believes no 

new subject matter is being added. The amendments are being made in view of the interview to 

advance prosecution of the application, and not for patentability or patent eligibility purposes. 

Applicant reserves the right to pursue the previously pending claims in this or in a continuing 

application. Upon entry of the amendments, Claims 1-2 and 6-10 will be pending for 

consideration. 

Rejections Under 35 U.S.C. §102 

Claims 1-2 and 7-8 are rejected under 35 U.S.C. § 102 as being anticipated by US 

2017/0194613 to Murata et al. Please see the "Rejection of Claims 1-10" section below. 

Rejections Under 35 U.S.C. §103 

Claims 3-6 and 9-10 are rejected under 35 U.S.C. § 103 as being unpatentable over US 

2017/0194613 to Murata et al. Please see the "Rejection of Claims 1-10" section below. 

Rejection of Claims 1-10 

1. Regarding the comments on the original Claims 1-2, 7-8 in the Office Action 

1.1 About Claim 1 

The applicant respectfully submits that Murata does not disclose the porous film of Claim 1 

comprising pores formed by the binder, the pores at least comprising a part of the inorganic 

6 
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particles, and the average wall thickness between the pores being in a range of 20 nm to 500 nm. 

First of all, Murata discloses a multilayer porous membrane C (the alleged porous film in 

the office action). The multilayer porous film C comprises a porous membrane A and a porous 

layer B laminated on at least one surf ace of the porous membrane A. Referring to paragraphs 

0073-0075 of Murata cited in the office action, the porous layer B comprises an inorganic filler 

and a resin binder. Next, referring to paragraph 0086 of Murata cited in the office action, it 

discloses the method of forming the porous layer B. That is, when part or all of the resin binder 

is dissolved in a solvent to prepare a solution, the solution is laminated on at least one surface of 

the porous membrane A, and the resin binder is bonded to the porous membrane A by, e.g., 

removing the solvent by immersion of the membrane in a poor solvent or drying of the 

membrane. However, the method of the porous layer B disclosed in the paragraph fails to 

disclose that the resin binder of the porous layer B forms a pore and the pore formed by the 

binder in the porous layer B at least comprises a part of the inorganic particles. There is no 

disclosure in Murata that the average wall thickness between the pores is in a range of 20 nm to 

500nm. 

Secondly, the office action asserts that the average wall thickness between the pores is in a 

range of 20 nm to 500 nm in Claim 1, which inherent given the average particle size of the resin 

binder in Murata is not less than 50 nm. Applicant does not agree with it. Murata does not 

disclose that the resin binder of the porous layer B forms pores, nor does it disclose or teach that 

pores at least comprise a part of the inorganic particles. Further, a person skilled in the art could 

not directly obtain the average wall thickness between the holes formed by the binder simply by 

the particle size of the resin binder. 

In summary, Claim I is novel over Murata. 

1.2 About Claim 2 

Claim 2 of this application further recites "the porous film has an average pore size of 0.3 
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µm to 20 µm". The pore size of pores defined in Claim 2 is the pore formed by the binder 

defined in claim 1. The pores at least comprise a part of the inorganic particles. The pores of the 

porous film have an average pore size of 0.3 µm to 20 µm. 

According to paragraph 0122 of Murata cited in the office action, Murata only discloses that 

the pore size of the porous membrane A is 5 µm or less. However, the pore size of the porous 

membrane A could not correspond to the average pore size of the porous film in the present 

application. The specific reasons are as follows: 

Firstly, Murata discloses that porous membrane A contains a polyolefin resin and additives. 

Referring to several methods of forming pores in porous membrane A disclosed in Murata 

(according to paragraph 0055), Murata does not disclose that the porous membrane A is a 

membrane formed of a binder and inorganic particles. In addition, Murata also does not disclose 

that the pores in the porous membrane A are formed of the binder, and inorganic particles are 

included in the pores. Therefore, the pores in the porous membrane A of Murata could not 

correspond to the pores in Claim 2. 

Secondly, the pore size of the porous membrane A could not reflect the average pore size of 

the multilayer porous membrane C. Murata discloses that the multilayer porous membrane C 

includes a porous membrane A and a porous layer B laminated on at least one surface of the 

porous membrane A. Murata does not disclose that a pore is formed in the porous layer B, nor 

does it disclose the porous size in the porous layer B. Therefore, those skilled in the art could not 

obtain the average pore size of the multilayer porous membrane C simply by the average pore 

size of the porous membrane A. 

Therefore, Claim 2 is also novel. 

1.3 About Claims 7-8 

Claims 7-8 depend from independent Claim 1. Therefore, Claims 7-8 are also novel. 

8 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 44 of 206

Application No.: 
Filing Date: 

16/000764 
June 5, 2018 

2. Regarding the Amendments to Claim 1 

Claims 3-5 have been incorporated into Claim 1, and amended Claim I recites the porous 

film including "the inorganic particles have particle sizes that Dvl0 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 I µm to 10 µm; DvlO is less 

than Dv50, and Dv50 is less than Dv90; the ratio of Dv90 to DvlO is in a range of 2 to 100." 

In this application, the particle size of the inorganic particles defined above is helpful for 

obtaining a porous film structure with a larger average pore size and smaller average wall 

thickness between the adjacent pores. However, if the particle sizes of the inorganic particles are 

too small and are beyond this range, 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. In addition, if Dv90/Dv 10 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. 

The Office Action asserts that the particle size distribution of the inorganic particles defined 

in Claims 3-5, which is inherent given the pore size of the porous membrane A in Murata. 

Applicant respectfully disagrees with the Examiner's assertion. 

First, Murata discloses that porous membrane A contains a polyolefin resin and additives. 

However, Murata does not disclose that the porous membrane A is a membrane formed by a 

binder and inorganic particles. In addition, Murata also does not disclose that the pores of the 

porous membrane A are formed by the binder, and inorganic particles are included in the pores. 

Therefore, the pores in the porous membrane A of Murata could not correspond to the pores in 

this application. 

9 
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Second, although the porous layer B disclosed in Murata includes inorganic particles and a 

binder, Murata does not disclose or teach the porous layer B comprises pores formed by the 

binder, nor does it disclose the particle size range of Dv IO Dv50, Dv90 of the inorganic particles 

or the ratio range of Dv90 and DvlO, which is not obvious to those skilled in the art. The specific 

reasons are as follows: 

There can be thousands of particle size distribution curves, such as normal distribution, 

skew distribution, step distribution, saw-tooth distribution, uniform distribution, bimodal 

distribution, multimodal distribution, (particle size distribution diagram shown below), which 

requires defining the particle size distribution curve of the particles, that is, further defining the 

Dv I 0, Dv50, and Dv90 of the inorganic particles to further define the particle size distribution. 

Even if the Dv50 of normally distributions are the same, the DvlO and Dv90 could be much 

different (as shown in Figure 5). 

Pm-tide distribution 
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Finally, those skilled in the art cannot obtain the particle size of the inorganic particles only 

from the pore size. Referring to paragraph 0022 of this application, the specification of this 

application describes that the pore size of the porous membrane is related to the inorganic 

particles themselves. For example, the inorganic particles may contain polar functional groups 

selected from a hydroxyl group which is helpful for obtaining the pore structures with large 

average pore sizes and small average wall thickness between the adjacent pores. Referring to 

paragraph 0023 of this application, the specification of this application describes that the pore 

size of the porous membrane is related to the particle size distribution ( as described in the second 
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paragraph of section 2.1). With reference to paragraph 0031, the specification of this application 

describes that the pore size of the porous membrane is related to the volume ratio of the 

inorganic particles to the binder in the porous film. If the volume ratio of them is lower than 0.2, 

the average pore size of the porous film is reduced. That is, the present application explains that 

the pore size of the porous membrane is related to the inorganic particles themselves, the particle 

size distribution, and the volume ratio of the inorganic particles to the binder. Therefore, a person 

skilled in the art could not directly obtain the particle size of the inorganic particles only from the 

size of the pore size in Murata. 

To sum up, the amended Claim 1 is not obvious over Murata. Therefore, applicant 

respectfully submits that Murata fails to disclose or teach the above-recited claim elements in 

Claim 1 and a person having ordinary skill in the art will not be able to reach at the subject 

matter claimed in claim 1 of the instant application in view of Murata without involving 

inventive skill. Thus, Claim 1 is patentable over Murata. 

Claims 2, and 6-10 depend from independent Claim 1. It is respectfully submitted that 

these dependent claims are patentable at least for the reasons explained above for Claim 1. 

No Disclaimers or Disavowals 

Although the present communication may include alterations to the application or claims, 

or characterizations of claim scope or referenced art, Applicant is not conceding in this 

application that previously pending claims are not patentable. Rather, any alterations or 

characterizations are being made to facilitate expeditious prosecution of this application. 

Applicant reserves the right to pursue at a later date any previously pending or other broader or 

narrower claims that capture any subject matter supported by the present disclosure, including 

subject matter found to be specifically disclaimed herein or by any prior prosecution. 

Accordingly, reviewers of this or any parent, child or related prosecution history shall not 
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reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter 

supported by the present application. 

Please charge any additional fees, including any fees for additional extension of time, or 

credit overpayment to Deposit Account No. 11-1410. 

Dated: July 22, 2020 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

By:/Xiaoyu Wang/ 

Xiaoyu Wang 

Registration No. 75,640 

Registered Practitioner 

(212) 849-3000 
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Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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DETAILED ACTION 

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

Page 2 

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

under the first inventor to file provisions of the AIA. 

Priority 

2. 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 

3. The information disclosure statements (IDS) submitted on 07/16/2018 was 

considered by the examiner. 

Drawings 

4. The drawings were received on 06/05/2018. These drawings are acceptable. 

Election/Restrictions 

6. Claims 11-20 are withdrawn from further consideration pursuant to 37 CFR 

1.142(b) as being drawn to a nonelected invention, there being no allowable generic or 
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linking claim. Election was made without traverse in the reply filed on 04/10/2020. The 

election restriction is made FINAL 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective filing date of the claimed 
invention. 

6. Claims 1-10 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by 

Murata et al. US 2017/0194613. 

As to Claim 1, Murata discloses a porous film (membrane, see abstract and 

title), comprising: a binder (see abstract); and inorganic particles [0073-0075]. 

Wherein the porous film inherently comprises pores formed by the binder [0086]. This 

feature is inherent given pores are found within the binder and porous layer. See MPEP 

2112. 

The pores at least comprises a part of the inorganic particles (filler), and the inherent 

average wall thickness between the pores is in a range of 20 nm to 500 nm. This 

feature is inherent given the particle size of the resin is not less than 50nm [0092]. 

As to Claim 2, Murata discloses the porous film according to claim 1, wherein 

the porous film has an average pore size of 0.3 to 20 microns (not more than 5 microns 

[0122]). 
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As to Claim 7, Murata discloses the porous film according to claim 1, wherein 

the inorganic particles are at least one of alumina, silica, magnesia, titanium oxide, 

zirconia, zinc oxide, aluminum hydroxide and magnesium hydroxide [0073]. 

As to Claim 8, Murata discloses the porous film according to claim 1 , wherein 

the binder is at least one of polyvinylidene fluoride, polyamide and 

polytetrafluoroethylene [0084]. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identicallydisclosed as set forth in section 102 of this title, if the differences 
between the claimed invention and the prior art are such that the claimed invention as a whole 
would have been obvious before the effective filing date of the claimed invention to a person 
having ordinaryskill in the art to which the claimed invention pertains. Patentabilityshall not 
be negated by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

7. Claims 3, 4, 5, 6, 9 & 10 are rejected under 35 U.S.C. 103 as being 

unpatentable over Murata et al. US 2017/0194613. 
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As to Claim 3, Murata discloses the porous film according to claim 1, wherein 

the inorganic particles inherently have particle sizes that Dv10 is in a range of 0.015 to 3 

microns, Dv50 is in a range of 0.2 to 5 microns, and Dv90 is in a range of 1 to 10 .mu.m 

[0122]. The Dv10, Dv50 & Dv90 are all inherent as the pore size is within a range of 

0.1 to 3 microns. Finding an overlapping range is obvious to one skilled in the art. 

Nevertheless, the subject matter as a whole would have been obvious to one 

having ordinary skill in the art at the time the invention was made, since it has been held 

that choosing the over lapping portion, of the range taught in the prior art and the range 

claimed by the applicant, has been held to be a prima facie case of obviousness, see In 

re Malagari, 182 USPQ 549. 

As to Claim 4, Murata discloses the porous film according to claim 3, wherein 

Dv10 of the inorganic particles is inherently less than Dv50 of the inorganic particles, 

and Dv50 of the inorganic particles is less than Dv90 of the inorganic particles. The 

above features are inherent given the way particle size distributions are measured and 

given the particle sizes are similar they would have similar Dv10, Dv50 & Dv90's. 

As to Claim 5, Murata discloses the porous film according to claim 1 , wherein 

the inorganic particles inherently have particle sizes that the ratio of Dv90 to Dv10 is in 

a range of 2 to 100 (0.1 to 4 microns overlapping the range [0075]). 

Nevertheless, the subject matter as a whole would have been obvious to one 

having ordinary skill in the art at the time the invention was made, since it has been held 

that choosing the over lapping portion, of the range taught in the prior art and the range 
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claimed by the applicant, has been held to be a prima facie case of obviousness, see In 

re Malagari, 182 USPQ 549. 

As to Claim 6, Murata discloses the porous film according to claim 1 . 

Murata is silent to wherein a pore size distribution coefficient of the pores in the 

porous film is in a range of 1 to 5. 

However, Murata discloses a tortuosity of 1.43 with number of pores equal to 

203/micrometer2 . It would have been obvious to one skilled in the art before the 

invention to require the claimed range motivated to improve the puncture strength of the 

sheet [0229]. 

As to Claim 9, Murata discloses the porous film according to claim 1 , wherein 

the porous film has a porosity of 20% to 90% [0192], and the porous film has a 

thickness of 0.2 to 10 microns [0038]. 

Nevertheless, the subject matter as a whole would have been obvious to one 

having ordinary skill in the art at the time the invention was made, since it has been held 

that choosing the over lapping portion, of the range taught in the prior art and the range 

claimed by the applicant, has been held to be a prima facie case of obviousness, see In 

re Malagari, 182 USPQ 549. 

As to Claim 10, Murata discloses the porous film according to claim 1 . 

Murata is silent to wherein a volume ratio of the inorganic particles to the binder 

is in a range of 0.2 to 3.0. 
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However, it would be obvious to one skilled in the art before the filing date to 

require the particulars of the particles and binder motivated to provide a mixture of melt 

kneaded components [0202]. 

Further, the claim wuld have been obvious because the technique for improving 

a particular class of devices INaS part of the ordinary capabilities of a person of ordinary 

skill in the art, in view of the teaching of the technique for improvement in other 

situations. Stated differently, use of knoWJ technique to improve similar devices, 

product or feature in the same 1Nay is prima-facie obvious. KSR International Co. v. 

Teleflex Inc., 550 US- 82 USPQ2d 1385, 1396 (2007). 

8. Figures, Paragraph, Column and line numbers are provided for convenience. 

However, the entire reference should be considered. 

Conclusion 

9. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Gary 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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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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REMARKS 
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AMENDMENTS TO THE CLAIMS 

1. (Original) 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, and the average wall thickness between the 

pores is in a range of 20 nm to 500 nm. 

2. (Original) The porous film according to claim 1, wherein the porous film has an 

average pore size of 0.3 µm to 20 µm. 

3. (Original) The porous film according to claim 1, wherein the inorganic particles 

have particle sizes that Dvl0 is in a range of 0.015 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. 

4. (Original) The porous film according to claim 3, wherein 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. 

5. (Original) The porous film according to claim 1, wherein the inorganic particles 

have particle sizes that the ratio ofDv90 to Dvl0 is in a range of 2 to 100. 

6. (Original) 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. 

7. (Original) The porous film according to claim 1, wherein 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. 

8. (Original) The porous film according to claim 1, wherein the binder is at least 

one of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide, 

polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylic acid salt, sodium 
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carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, 

pol ytetrafl uoroethy 1 ene and poly hexafl uoropropy 1 ene. 

9. (Original) The porous film according to claim 1, wherein the porous film has a 

porosity of 20% to 90%, and the porous film has a thickness of 0.2 to 10 µm. 

10. (Original) 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. 

11. (Withdrawn) 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, compnsmg: 

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, and the average wall thickness between the 

pores is in a range of 20 nm to 500 nm. 

12. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous 

film has an average pore size of 0.3 µm to 20 µm. 

13. (Withdrawn) The lithium-ion battery according to claim 11, wherein the 

inorganic particles have particle sizes that Dvl0 is in a range of 0.015 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. 

14. (Withdrawn) The lithium-ion battery according to claim 13, wherein 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. 

15. (Withdrawn) The lithium-ion battery according to claim 11, wherein the 

inorganic particles have particle sizes that the ratio ofDv90 to Dvl0 is in a range of 2 to 100. 
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16. (Withdrawn) The lithium-ion battery according to claim 11, wherein a pore size 

distribution coefficient of the pores in the porous film is in a range of 1 to 5. 

17. (Withdrawn) The lithium-ion battery according to claim 11, wherein 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. 

18. (Withdrawn) The lithium-ion battery according to claim 11, wherein 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, 

pol ytetrafl uoroethy 1 ene and poly hexafl uoropropy 1 ene. 

19. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous 

film has a porosity of 20% to 90%, and the porous film has a thickness of 0.2 to 10 µm, and a 

volume ratio of the inorganic particles to the binder is in a range of 0.2 to 3.0. 

20. (Withdrawn) The lithium-ion battery according to claim 11, wherein the porous 

film is arranged on a surface of at least one of the positive electrode, the negative electrode and 

the separator. 

-4-
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Dear Commissioner: 
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submits the following: 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

DETAILED ACTION 

Election/Restriction 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-10, drawn to a porous film, classified in H01 M2/145. 

II. Claims 11-20, drawn to a lithium-ion battery, classified in H01M10/0525. 

The inventions are independent or distinct, each from the other because: 

Inventions I and II are related as process of making and product made. The 

inventions are distinct if either or both of the following can be shown: (1) that the 

process as claimed can be used to make another and materially different product or (2) 

that the product as claimed can be made by another and materially different process 

(MPEP § 806.05(f)). In the instant case the process as claimed can be used to make 

another and materially different product such as a porous separator for a lead acid 

battery or battery other than a lithium-ion. 

Restriction for examination purposes as indicated is proper because all the 

inventions listed in this action are independent or distinct for the reasons given above 

and there would be a serious search and/or examination burden if restriction were not 

required because one or more of the following reasons apply: 

• The inventions have acquired a separate status in the art in view of their 
different classification. 

• The inventions have acquired a separate status in the art due to their 
recognized divergent subject matter. 
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• The inventions require a different field of search (e.g., searching different 
classes /subclasses or electronic resources, or employing different search 
strategies or search queries). 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement 

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election in order to be considered timely. Failure to timely traverse the requirement 

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after 

the election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Should applicant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions to be obvious variants or clearly admit on the record that this is 

the case. In either instance, if the examiner finds one of the inventions unpatentable 

over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 

103 or pre-AIA 35 U.S.C. 103(a) of the other invention. 

A telephone call was made to both Susan Natland & Dan Fischer on 02/10/2020 

to request an oral election to the above restriction requirement, but did not result in an 

election being made. 
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Applicant is reminded that upon the cancellation of claims to a non-elected 
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invention, the inventorship must be corrected in compliance with 37 CFR 1.48(a) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. A request to correct inventorship under 37 CFR 1.48(a) 

must be accompanied by an application data sheet in accordance with 37 CFR 1.76 that 

identifies each inventor by his or her legal name and by the processing fee required 

under 37 CFR 1.17(i). 

Applicant is reminded that upon the cancellation of claims to a non-elected 

invention, the inventorship must be corrected in compliance with 37 CFR 1.48(a) if one 

or more of the currently named inventors is no longer an inventor of at least one claim 

remaining in the application. A request to correct inventorship under 37 CFR 1.48(a) 

must be accompanied by an application data sheet in accordance with 37 CFR 1.76 that 

identifies each inventor by his or her legal name and by the processing fee required 

under 37 CFR 1.17(i). 

The examiner has required restriction between product or apparatus claims and 

process claims. Where applicant elects claims directed to the product/apparatus, and all 

product/apparatus claims are subsequently found allowable, withdrawn process claims 

that include all the limitations of the allowable product/apparatus claims should be 

considered for rejoinder. All claims directed to a nonelected process invention must 

include all the limitations of an allowable product/apparatus claim for that process 

invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the 

product/apparatus claims and the rejoined process claims will be withdrawn, and the 
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rejoined process claims will be fully examined for patentability in accordance with 37 

CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for 

patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all 

claims to the elected product/apparatus are found allowable, an otherwise proper 

restriction requirement between product/apparatus claims and process claims may be 

maintained. Withdrawn process claims that are not commensurate in scope with an 

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. 

Additionally, in order for rejoinder to occur, applicant is advised that the process claims 

should be amended during prosecution to require the limitations of the 

product/apparatus claims. Failure to do so may result in no rejoinder. Further, note 

that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply 

where the restriction requirement is withdrawn by the examiner before the patent 

issues. See MPEP § 804.01. 

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). 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Barbara Gilliam can be reached on 5712721220. The fax phone number for 

the organization where this application or proceeding is assigned is 571 -273-8300. 
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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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Examiner-Initiated Interview Summary 

Application No. 

16/000,764 

Examiner 

GARY D HARRIS 

All participants (applicant, applicant's representative, PTO personnel): 

(1) GARY D. HARRIS. (3) Susan Natland. 

(2) Dan Fischer. (4)_. 

Date of Interview: 10 February 2020. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: D Yes D No. 
If Yes, brief description: __ . 

Issues Discussed D 101 D 112 D 102 D 103 ~ Others 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-20. 

Identification of prior art discussed: N/A. 

Substance of Interview 

Applicant(s) 

Yi etal. 

Art Unit 

1727 

AIA (FITF) Status 

Yes 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference 

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Request for election between groups however, an election could not be made over the phone. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general 
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or 
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/GARY D HARRIS/ 
Primary Examiner, Art Unit 1727 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20200210 
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iE#.iR J :?tR 50%~tii.1£ ( Dv50) Jt-t~, {f.#.iRJl- ✓-(i. a1tii.}t1};$" t, ~,J,;j:_;i 

1::£1Pltl~. :it.ltl#.iRJiR 50%a1tii.1£; P}fiE#.:?fRJiR 90%~tii.1£ ( Dv90) Jt 

-t~ ' {f. #. iR Jl_ * a1 ;j:_;i At 1} ;$" t ' I-A' J, ;j:_;i 1::£ 1Pltl ~. :it. ltl * iR J iR 90% a1 tiL 1£ 0 

~~. iitmk~a•*•¾;$"~~~-~.,tf.§~•~*Atl~t, ~~ 

1 s ~ & im i1l A ~ ;j f it.1fIJ < - ;_ ~~1fIJ ) ~ it;$" i1l A a1 * iJL it.1fIJ c - - it.1fIJ ) a1 

~.:t~it.J.t., ~~-HJAf :l:$J.:fL1£.$~k. ilJ-4~.:fLZlaJ ~f :l:$J~4&,J, ~ § .JL« 

tt :¥;J. ,{f.Jl:t ti!. l1J A , ;;s- P}f iE~iJL:W:Yitii. a1 tii.1£ ~ ,J, , Y!1J ,tf. § JL« a1-HJ Atlt.¥. 

t, ,~imiJ>tA a1;jfit.1fIJ ( -;_it.1fIJ) ~,~;$°i1lr-J ~,ffiJLit.1fIJ < --it.1f1J) 

~ ~.:t~it.J.t.*1l-i, .:fLtt ;#J ~ £Jk~ ·1i., fo}f-HJ A a1 .:fL ~ f :l:$J .:fL1£ ~ ,J,. ;i:~ 4~ 

w ~zM~f~~4~~; ~z, ;;s-ffliE~~-~~~a~k, &imiJ>tA~ 

"1f it.1f1J < - ;_ it.1f1J ) ~ it;$" i1l A a1 * iJL it.1f1J < - -it.1f1J ) a1 ~ .:t~it.J.t. -t,t ~ , 

~M:¥;J~£Jk~~. ~ffl*A~~~f~~a~k.~~~zM~f~~ 
4 iA I J, 0 11=1 Jt ' ;;tr~ iJL :W:Yi ;j:_;i ~ ;j:'_;i 1::£ tl 'J, ' M. tl:: i.i ti!. l1l ' Y!1J ,;;-:: ;f 1J T & im iJl A 

~ ;j f it. 1f1J ( - ;_ it. 1f1J ) ~ it;$° iJ,t P-) ~ ,fl iJL it.1f1J ( - - it. 1f1J ) ~ ~ .:t~ , J(i YA 

~ *Af~~a&k~~; *~~-~~~atlk, M.tl::~ti!.11J, ~ffl*A 

~ § .:fL-~ dii ,;;-:: :l:$) 5J . § JL« ~I J.t. r *' § JL« ~ ~i!; tt jJ r * O 

{f_-.il~ ~~1f1 t, fo}fiE~iJL:W:Yitii.tii.1£ ~ Dvl0 JJ l.0µm-l.6µm, Dv50 

JJ 2.0µm-2.6µm, Dv90 JJ 3.0µm-4.0µm. 

{f.J:.iE§ .:fLRl t, fo}fiE~iJLJ:Yi;j:'ii.~;j:'ii.1£¾;$° Dv90/Dvl0=2-100, -:ko* 
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Dv90/Dv Io k -t I 00, Yl1J ½-!r-a Jt, ;f=JL:Wffi-ti:. av ti:. 1:i ~ ;$" ::tt }t , ffj A av .:JL av :t!:J j;J 

~£, ¥--~~~t~~£~~~~&-

¥ J:.:i.£_§ .:JLRl t , ;J:fcl 4~.:JL..::t.. fa] av--t :t!:J ~4 79 20nm~500nm, § .:JLRl av 

--t :i!:J .:JL;f:i79 0.3µm~20µm. 4-. 1f-rff av§ .:JLRl av--t :i!:J .:JL;f:i.$.tk, 1J?Af § .:JLRl Jl.. 

5 ~~*av~M~¥•~~~fth~att~av•~~-!r-•, ~~*~••~ 

~ ~ 17-J -%~ av tll1t.~&' J.J... im;J)t_ ~-.~~~av-#) h -It- •t1. ije'., 0 )} 7f' lfJ T § 
.:JLRl t ;J:m4~.:JL..::t..fa] av--t J!:J ~4.$~,J,, ¥4£. ~~~av ~,J~:tt;cf.¥. t, § .:JLRl 

~:tt~M~&~:tt-~, ~~-~~MM(i@.~79-¼~, ~~-~~G 

:):. ) ¥ ~-~ t ~R~~f § .:JLRlav.:JLit§t, § .:JLRl t av .:JLM¥J ije'.,~1-¥-ltl.$.t§ 

10 av 1* fl! , 1* 1,.iE T 4£ • ~ 1-t tffit i@. i! av th i@. , ,A ~y T 4£ • ~ ~ ~ 17-l -%F av tll 1-t. ~ 

&, ~-~;J)t_~T•-~~~av-#Jh':ift~ft. 

¥ J:. :i£_ § .:JLRl t ' ffr :i.£_ § .:JLR{ t .:JL av .:JL1:i ~ ;$" J • D 79 l ~5 0 R 10 ~ 

-F¥.:JL1:i~;$"ut,~ t, M._,J,.:JL4:£19!tl~- :it.JU J::fR I0%av.:JL1:i ( 10%av.:JLav 

.:JL;f:i ,J, -f ij: •1.n. ) , R90 ~ -F ¥.:JL;f:£~;$" ilt7 ~ t, M._,J, .:JL;f:£19!tl~, :it.JU J 

15 ::fR 90%av.:JL1:i(90%av.:JLav.:JL1:i,J,-fij;.1iL)' .:JL4:i~;$"J•D=R90/RI0, 

~a~;$"J•n~#~I.~-F§~•tav~a~~j;J,M..im-Jl..~~*av 

1%. •t1. ije'., 'fP ffj J~ •t1. ije'., . 

¥J:.:i.£_§ .:JLRl t, ffr:i.£_§ .:JLRlav4Ji.79 0.2µm~I0µm, -1-- t, ::¥=- § .:JL. 

av 4 Ji. .$.t ;k_' Yl1J § .:JLRl av :it: q_, •t1. ije'., ~ £ ' f~1~AY • ~ ~ ~av-#) h -It- •t1. ije'., ' 

20 * § .:JLRl av 4 Jt.4-t ,J, ' Yl1J § .:JLRl av 3f,Ht h f~11;5;.' iM $ g ft] T •• ~ ~ ~ t 

~. ~~~Mh£im~~. M..im½-!r-a••~~~av¾±~ft~£. ¥­
.It.~ ~~111 t, ffr:i.£_§ .:JLRlav4Jt.79 lµm~3µm. 

¥J:.:i.£_§ .:JLRl t, ffr:i.£_§ .:JLRlav.:JLFJ¥-.79 20%~90%. ¥-.It.~ ~~171 t, 

ffr:i.£_§ .:JLRl av .:JL f)f-. 79 40%~60%. 

25 ¥ J:. :i£_ § .:JLRl t , ffr :i.£_ 3fi5 it 1f1J :izt m • ~ ~ G :):. , ~ ~ G :):. - _,\ ~~.av 

~-~- -~~- -~--- -~---- -~--- -~--~--o/ 
£~-•~- ·G-~4~M, .G •• , •o/£~--o/ffi, -~~G 

•:if11•,,\ ~~•t av-#2X.§ #. 

¥ J:. :i£_ § .:JL. t ' ffr :i.£_ § .:JL. t Jc, ;f=JL .;fffi- ;fi:. -1=& 3fi5 it 1f1J av 1f. ::fR ft. 1.n. 79 
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0.2~3.0o --=.¼{r).Jff.:tur.1A,J,-t 0.2, ½~.fkj JLJJl{r).J-f-J~.JLtt~,J,, .JLf,lf--$ 

F~1~' 4£ • -r it. k, {r).J -i,h jJ ~ •t1. ij~ -~ -'1J r F~; --=-¼ a~ ff. :t;Ur.1A ::k. -t 3. 0' JJ1J ½ 

~.ai~•{r).J~MJJ~~. ~~am-t«•-r-it.k,+~. ~~-t~~M/J 

~~~~. ~~½~.a••-r-it.k,{r).J¾±~~~~o 

5 ~-~t*{r).J•--=-~~.~~T-#§~Rl{r).J~~~*' m-t~~~ 

t *• -~ ~ r)fi!.{r}.J § .JLRl, g.M·-t/7"$: ( I ) ~f Jti=JL,Jt;j:_;1.~ fi!iMJl1L£¼, 

f'A~iJr1A.•-~Jl1J -#-:I:~ 5J #t.t+, 1:rf-itl¾~*' Jt. + fi!iMJl1J ~-t •-~Jl1J +; 

( 2) ~ti~~*:!~ 5J ¾~¥£.ff.a~ £ ~Y-1--~~ J:., ffj AiKRl; ( 3) ~4f-w 

~~Rl{r}.J£.ff.~A.~•~*+~~~#~, Jt.+, •~*g~---=-~M~ 
10 - ..::.. ~$.JliJ, - --=-~Jl1J ~ - ..::..~$.1f1J JU$.; ( 4 ) ;.J:m .$½1-t. ft ;It~ ~1TT ~5Q: J.f., 

1:rf- .ftl ~ ~ j~ 1f.. ~ § JL}Jl a~£. ff., Jt. + , § .JLRl + ;.J:m 4~ .JL-Z fa] {r).J -f- :f:~ ~ 4 jJ 

20nm~500nm, j .JLRl a~-f- :!~ .JL1::t~ ,J, -t 0.3µmo 

J:.:i!.£.ff.~~¾~••· ~••x~m••X+{r).J-#o 

¥J:.:i!.J .:rLRl {r).Jt1J~~ i!- +, :f1J m ;.J:m !ft-1-t.< l,!p .:lf ~Jl1Uk;.J:my)-- • i!-, NIPS) 

15 ~ J.f. t 1J~ tl:: j .JLRlo Jt. +, ¥ -t/1" a ( I ) 1:rf-itl a~ i~~* +, - -~$.1f1J ¾iih •t1. 

{r).J, ~MM(~~-~--=-~0-)~~~-t--~M; ¥-t/7"$(3)+{!).J• 

~*+¼~{r).J-..::..~M~m*•-r-*· 0 •• ~-. ~M.••--=-o/ft. 

_$,£. •--=. 0 @l~ + {r).J -# 2X. Jl. # , ~ fJ; ft 1f1J ~ ~ -t - ..::.. ~Jl1J ( 111 "3(o * • -r- Jj(. ) , 

~~~¾~*¾~¥£.ff.J:.~~A.•~*+~. ~-t¾~*+{r).J•-~M 

w ~$~~-~*~{r).J•-==--~M(~~*•-r*)+, ¾~*+{r).J~MM• 

~ ;,j:Jf tl:: , ffj A j JLJJl o 

¥ J:.:i!.j .JLRl {r).J tiJ~~ * + , -t/7" $ ( 1 ) + , - -~Jl1J ~ m N- o/ £. 11tt 

~ tt i'JiM ( NMP ) . --=. o/ £. G i$1:.}]j;- ( DMA C ) . --=. o/ £. o/ i$1:.}]j;- ( DMF ) . »~ 

•-==-- G @j~ (TEP) . --=- o/ £_ J.E~ ( DMSO) + a~-# 2X. j # 0 ~ +' 1~m 

25 NMP ffj A a~ j JL}Jl {r).J -f- :f:~ -1L1::t ~ ::k.. .JL f,lf- * ~ ~ ; 1~m DMF ffj A {r).J j .JL 

a {r).J-f- :f:~ -1L1::t~ ,J,. ~ F*-$.~ 1~; 1~m DMAC ffj A a~ j .JL}Jl {r).J-f- :f:~ -1L1::t i,,::J_ 

ll.JL f* -$1r--t NMP :ifi:r DMF -Z fa] o 

¥J:.:i!.j~}Jl{r).J~~~*+, -t/7"$(1)+{!).J¾~*{r).J~¼£7J7%-

25%, ¥.iJ:tte:.11l ~, ¾~*{r).J~¼£:I:'ifhr1, JJ1J¾~*a~fi1;Jt.1r~. ia~* 
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17-l fr-J • 3-~ti1J ;fP ¾ ~ ~ t fr-J • - ~ti1J a~ 5:.-tt~:1!-At ~ •1i., fof-HJ A a~ § JLmt a~ 

f~~a~a~~•~~~; ~~. ~§~mtfr-Jf~~a~a~~•~* 

~ o 1~ ~, 5tr ,¼~~a~ ~ ¼ _;_ .ii~ , ~ :±: .irt te:. ~ , Y1 1J j .:fLRl fr-J iit '4.. •t± ;r-:: ½ 

**•~*~~-~~~~fr-J~M;5tr¾~~fr-J~¼_w_.ii~,~f~te:.~, 

5 ~§~mtfr-JaltT~, ~£*~¥£~fr-J~ooARlo ¥-~~~~t, ¾ 

~~a~ ~,¼_;_39 IO¾- 20%0 

¥J:.j£_j JL}Jl {r-J i,J~~ * t' ffe. ( I ) ta~ i¼~~ a~ )ffiilt39 15°C -

30°c O ¥-.itl::. ~~1,u t, 4-~~a~:iffiilt39 20°c - 25 °c 0 

¥J:.j£_§~mtfr-J~~~*t,ffea(2)tfr-J4-~~fr-J¾~~~.ii~M 

lQ fr-J¾~~*' 1Ju1v, .$~i¼ii-, "4_.7] 4"*, ¥}4"*, ii1] ~i¼~*' l!:!J Jt&..i¼~ 
•-I-- ,&t~ 1,,1 .·h.... -ii::' .--I-- .}~ -h,.. •-I-- ""L nn iJr:; -h,.. -ii::' .--I-- ·3 -...t.. .·h.... -ii::' ,-1-- ,..,.. -k .iJ:;l::. 2,-,- .;k-
,;i. , - 1#~ 1,f.; --~• i';t. , 0 /f;'I<;: i,f- ,;i. , 1~;1... = n!X. i',f- ,,,-1, i';t. , 15C, 'A 1,f.; ~• ,;.i. ~ , -1:t:. - .::a. '-3k; ~ 

~t, ¾~~fr-J¾~~~~m&~¾~*o 

¥ J:. j£_ i,J ~ ~ ii- 'f , ffe a ( 3 ) i:p a~ • ..=. ~ ti1J ~ m N- If £ 11tt ~ ;l:;t fJiFJ 

( NMP ) , ..=. If £ Z:.d'iJ\:J!tc- ( D MAC ) , ..=. If £ If i$\:.}Jtc- ( D MF ) , »;if: ~3- G 

15 @~ ( TEP ) , ..=. If£ .:IE Z)'A. ( DMSO ) 'f {r-J -# ~ j # o ffe a ( 3 ) 'f {r-J • ..=. 

~ti1J 1:j ffea ( I) i:p }JoA..{r-J. -~ti1J ~;l:1§1 ~ o 

¥J:.j£_~~~*i:f=r, ffea(3)i:p,a~~t•-=-~Mfr-J~_w_~¾¼_w_ 

39 20%~60%0 f~1~a ~ ~ i:p. -=-~ti1J {r-J ¼ _w_ , ~ fJ-}J f .:tit.* j JL}Jl {r-J f J$J .:fL 

15: i,:J. R.:fL F* * o 1~ 5tr. -=-~ti1J a~¼ _w_ .ii 1~, JJ1J j .:fLRl {r-J i& ~ £~ {r-J ~ oo ¾ 

w ~Aft~~~.~~~ft§~Rlfr-Jiil:'4..~~£, *•-=-~Mfr-J¼_w_.ii~, 

~;r-::ft~At~fr-J§~~~~¼~Afr-J§~Rlfr-Jf~~a~~.~4~~0 

¥-.itl::. ~~1Ju t, • ~ ~ t •-=-~ti,J fr-J ~ _;_ ~ ¾¼ _;_ 39 30%~40¾o 

¥J:.j£_§ JLmt fr-J iiJ~~ * t, ffea ( 3) ta~ a~ ~a~:iffiilt39 I5°C -

30°C o ¥-.itl::. ~~1fd t, -~ ~a~:iffiilt39 20°C - 25°C o 

25 ¥J:.j£_j .:fLRl fr-J i,J~~ * t , ffe a ( 3 ) t , ;J:m .$½-1-t. fr-J at fa] 39 I Os - 90so 

¥-.itl::. ~~1fu t, ;J:m#-1-t.a~ at fa] 39 20s - 60so 

¥J:.j£_j .:fLRlfr-Ji1J~~ii-i:p, ffea ( 4) i:p, -f-;l'*iffiilt39 60°C - 70°C, 

-t- ~at fa] ,J, f lmino 

~•~t~fr-J•3-~oo.~~T-#~~~•~t~fr-J•-~oo~j£_ 
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~ j .JLml~ F~. Rlo 
$,- 1t', F~. Rl ~-M-j .JL,£.#1,,:/4 Rj .JLRlo fo}f:i£_j .JLml-i~Jt f- fo}f:i£_j .JL 

£.#~~oo" ~L:i£_~•at, ffl:i£_j~£.#~#·~~~~~~~. ~ 
*•~~S**ff~#o ~~~. ffl:i£_j~£.#~~-0-ml(~) .• 

5 p;j:J-.ml (PP) .• 01·/·p;j;J-.Xx...,§-ml (PE/PP) . ·p;j·/· 01·/·p;j·;.. 

.,§-Rl (PP/PE/PP) . :fL ~~ . • r$\:,312.JBc- .• 0i. JJt j .JLml (PAN) . J,t_~ 

tt~fiml t ~-#~j # 0 

~t*~•*TL:i£_~--~~~~*• Mf-~~~t*-;..~ooffl 
:i£_ ~ F~ • Rl , ~ -M· iV JWt: ( 1 ) ~f :fL tJL,~ 3J-'_;i_ ~ ii!i ttnl1J ~£¼ , ?A J€; ;1J11 A - - it-

10 Jl1J * ;J:51 5J ~JtA+ ' ,ff ltl 4-~ ~ ' Jt t ii!i M Jl1J it- f- - - it-Jl1J t ; ( 2 ) ~f 4-~ ~ 
:l:515J ✓-~~ ~ j .JL£.# ( 17110. 0 :t•) afJ ~oo L, :HJ Ailfml; ( 3) ~f*~ ilf 

ml~j~£.#(~~-0-)&A~-~~1t1*ff~#~, Jti:p, -~~ 
~.t-&----=-)$:.Jl1J~-;..it-Jl1J, ---=-it-Jl1J~-;..it-JliJ.?i.it-; ( 4) J/'m.1t1-t.MJltJ€; 
-t-1*, ,ff ltl j .JL£.# ( 1f11o. 01•) ~ooi~lt~ j .JLRl a{J F~. ml, Jt 1t', 

15 j .JLml 1t' J/'m 4F .JL-Z. (s] af]-f- :l:51 '!1.4 :h 20nm-500mn, j .JLml ~ -f- :l:51 .JL,1£ ~ ,J, 
f- 0.3µmo 

~L:i£_~--~~~~*1t1, Jt~~tl~~aRJt~~t*---=-~oo 
~j~-~~~tl~~aRJt-ft, ~S*£.~Rlt:h§~£.#~~o 

*•~t*~-~~oo·•*T~~*•~t*~--~ooffl:i£_~§ 
w ~-~~-XO ffl:i£_~-x~~-~~~a~~##£o ffl:i£_~~##.,§­

Rltf-ffl:i£_·~~~~00, Affl:i£_j~mlRJtf-ffl:i£_~~##£~--~ 
~~~OOLo 

~Li£_~•Xt,*•ffl~M~-~~~~~##~~~. ffli£_~­
X~~~~~--X~~~~~-•Xo ffl:i£_•~~~#•~~~~~~ 

~ ~. ~*•~~S**ff~#, ~~~. ffl:i£_•~~~~~~-~~-­
~-~~--~--~¼½~.~-¼½%. ~-~%~~~--t~­
#~j#o 

~t*~•*T~-#~~~~*o Mf-~~~t*-~~ooffl:i£_~ 
~tll#, ~.t-&-iV~: ( 1) ~f:fL1JL~~t_;1.~ii!ift1l1Ji£¼, f4}€;;/J11A.--it-Jl1J-ff-
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:!:SJ 5J #tA-r- , 1-¥- .f U 4-~ ;,l , Jt- i:r ;tJ:; it fi1J ~ -t - - ~ fi1J i:r ; ( 2 ) ~f ~ ,t1.tt +t- , 

~~M-~MM~½.~A~~~M(~~~~£~4~M),¥~~« 

#~~mT«#~5J, ~~~-*#, %~•*#~5J4"•-t•~*L, 
?AJ.f;f-~. YA¥-~lit*L-Jf)A~•t1.J/=t#~ ( ~*~-X ) ; ( 3) ~f4"~;,l:l:$J 5J 

5 i~~ ¥ ~ t2t. x tr-J k-.. do L, -JFJ A iXf mt; < 4 ) ~f • ~ iXf mt tr-J ~ t2t. x i~A.ftl ;~ ~ 

;,li:f='~tt~#~, Jt-4', -~;,l~~-=~M~a-~~M, -=~M~ 
- ~~ti1J x~; c 5) ;il1#1-t.it Yllf.f;f- ~1-¥-.ftl k-..doi~Ji~ § -1Lmt tr-J ~t2t.X, 
Jt- 1t' , f)f izt§ -1LRt 1t' ;tm 4~ -1LZ fa] tr-J-f- :l:SJ ~)l. 71 20nm-500nm, f)f izt§ -1Lmt 

tr-J-f- :l:$J -1Li:£ .:f: ,J, -f 0.3µmo L izt ~tll.X tif YA JtiEtll.tll.X , -ti!.. tif YA Jt ~ tll.tll. 

10 X o 

¥Lizt~•Xtr-J~~~*4', Jt-~~~-~-R.Ji~~-~t•-= 
~doffl:izttr-J§~mttr-J~~~-~-R.Ji-~o 

~-~t•tr-J-~~do, -~T-#«•~~~o ffl:izt«•~~~~ 

~*t•-~~doffl:izttr-J~••· A~~*t•-~~doffl:izttr-J~•x. 
15 A~ at ~.t-&-* t •-~~do f)f izt tr-J f~ • mt YA a~ t •-~~do f)f izt tr-J ~tll. 

Xo ffl:izt~-X~tif~JtiE••X-tl!..tif~Jt~--Xo 
¥L:izttt•~~~1t', iE••X~~~~~~~#~tt(Ll)tr-JiE• 

##(T~1t',~~#71"~~~ru#~ttLltr-JiE.##" )o~~~~ 

~~tt(Ll){r-JiE.##tr-J~~tif~~~~----~&•«--~~­

w •-&••-*•&~•-*·~•-*·~~--*·~--~--~ 
't tt4Jli£#+t- 0 

¥L:iztiEtll.J/=,f3j;t 1t', 1i!.l!i tt {r-)1-t. ~ ;\ tif YA 71 LixCoaMlbO2-c• Jt- 1t', Ml 

k,..-ii-ilti%Jct! (Ni), 4Jli (Mn), 4:k (Mg), 4g (Al), ,?;JliJ(B), 4k(Ti), 4JL 

(V) , 1~( Cr), 4,;l ( Fe ) , ~ ( Cu ) , 4t ( Zn ) , 4m ( Mo ) , 4h ( Sn ) , 

25 411 ( Ca ) , ~ ( Sr ) , ~ ( W ) , -il ( Y ) , 4it] ( La ) , 4½ ( Zr ) ~ i;_i ( Si ) 

i:f=rtr-J.£!,J,·-#, x, a, b:fi:rc1iiy}JJtl¥YATtE.11lv-J: 0.8<x<l.2, 0.8<a< 

L 0<b<0.2, -0.1 <c<0.2; 

¥LiztiE.##4', -~&-«A•~~--tr-J~~i\."T~71 
LiyNiaM2eO2_r, Jt- 1t' , M2 k,.. ii- izt i%J it- ( Co ) , & ( Mn ) , 4.k ( Mg ) , 4g 

9 HP171430LZ 
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( Al ) , ;;M ( B ) , 4k ( Ti ) , 4FL ( V ) , 4~ ( Cr ) , ci!k. ( Fe ) , 4~ ( Cu ) , 

{f ( Zn ) , 4~ ( Mo ) , 4Jj ( Sn ) , 4~ ( Ca ) , ii& ( Sr ) , 4~ ( W ) , 4¼ ( Zr ) 

{i:r;;_l ( Si ) 1t' €FJ £ ~- -#, y, d, e {i:r f 1.n.¾ jJU ,t£. YA rte:.~ i7'l : 0.8 < y < 1.2, 
0.3<d<0.98, 0.02<e<0.7, -0.I<f<0.2; 

5 ,tf.J:.i&.iE:.t&.t,t;it-trcp, 4~~-fr~1-t*A,JJ Li2 Mn2-gM3gO4-h• Jl:.rcp M3 ~ 
-r-~ m 4t- ( Co ) , ~ ( Ni ) , 4:k ( Mg ) , 4g ( Al ) , ~ ( B ) , 4k ( Ti ) , 

4FL ( V ) , 4~ ( Cr ) , ci!k. ( Fe ) , 4~ ( Cu ) , # ( Zn ) , 4~ ( Mo ) , 4Jj ( Sn ) , 

4~ ( Ca) , i1& ( Sr) {i:r~ ( w) 1t' €FJ £ ~- -#, Z, g {i:r h 1.n.¾ jjlj ,t£. YA rte:. 

~ i7'J: 0.8 < z < 1.2, 0 < g<l .0 {i:r-0.2 < h < 0.2o 
10 t :.t&:.t&Jt @;.a-Eijt~~~k{i:rtf-i.t4£ (Li) fr~ t :.t&.ttt+ ( r ~ 1t'' *at;;fi 

jJ "ijt~~~kltf-i.t4£ Li €FJ i :.t&#t-t" ) o ijt~~~k/tf-i.t4£ (Li) €FJ i :.t& 

##€Fi~~~~@,~«##,½£~½~- ~~~-a~~-•€FJ~~~ 

~~Ll~-«½£, ~--~~A½½€FJ½£{i:r•½~##o«##€FJ~ 
~~~@;~~~¥~€Fi«, ~~¥~€FJ«,A~~¥- ~~~¥- r4='M~ 

1s ;;_£{,:ttJ,¥-, .$ft.;;.£, i;~;;,£, l~Wf;;,£, ~,R, JJt.;~iV.£., **JL.½4°h1-t½4-htkM#., 

;;_£~ jfi {i:r~ •t1.;;,£ 0 Jl:. 1t' ' ~-R ~ YA @;.a-E Wi -t ~-R' 4t ~k. ~,R{i:i ~ iih ~-R 0 

*~•½~~½~~M#.ff€FJ~~tl,tt.~~€FJm£T•~•½~##~~ 
~-~#~*~~~m~~~-~~#€FJ##, *~~##r4='€FJ-~¾A 
~~¥~-~*~~¥~€Fi«. -½~##{FJ~~~~@,~-~~{i:r-~ 

20 ~-

,tf_ft~~~~~- ( Ll) {FJ~~ i-##1t', ~*-~~' ~-~~ 
{i:r~~~&~~~•½£€FJ~~{i:r~~~&{FJ##o ~~~JJt•##{FJ 
~~{i:r~~~&~~. ~~~~~~*~~€Fift~~£. Jl:.rcp, t•tt# 
~ YA ~-;;.£.#t+, l25J JJ ,tf.~ ~ {i:ri.t ~ at ,t; 11'1 €Fi lh#.tt ¥J -R * ,J, fr~~ 1-t, l25J 

~ ~. ~~~#~*€FJ-~#~~ak€FJ~~{i:r~~~£0 ~Jl:.~~~-~ 
¥, ~J;,t;~~~~k€FJ~~*~£{i:r~€FJft£~£0 

ttPr, ijt~J~~k/tf-i.t4£ (Li) fr~ i :.t&##~ YA @;.a-Eif-.~-tt.½£, ijt ~ 
;;f11 « ( Li ) - ~ -JfJ A½½ fr~½£ 3t -;f.: ;;f11 -1-½ £ 3t -;f.: , @; iE ~ ;f:f fr~ 3t -;f.: fr~ ½ 

½{i:r~½~••-#~~'*,t;ffi{i:r«##-~~m,~JJ,tt.~#~~r4=', 

10 HP171430LZ 
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~~~~~*~~~#~~a~~~~£. ~T~~~#A¼J#½Ait 

-#:-~¼½-tYr, ~-1E..1~JfJ ~¼½:i£ ~;Jfr~¾-#A¼ j #½Ait-;f-"::fi:r-# 

A¼l#4½Ait-#:"~¼½. ~¼½~~~~~TR~~~~-~AA~ 

(~fla!cl i~¼4h). ½A faJ1-t¼4hR$,-i~¼4h. ½Ait-#:"~4½Ait-#:"~1f1-t-~ 

5 YA ~;Ji,4b) ( Sn ) . 4{} ( Pb ) . 4g ( Al ) . ,ti!] ( In ) . J;_l ( Si ) . it ( Zn ) . 

t~ ( Sb ) . -iJl- ( Bi ) . 4~ ( Cd ) . 4:k ( Mg ) . hfi}J ( B ) . ¢ ( Ga ) . 4t ( Ge ) . 

~(~) .• (~).-(h).~(Y)~·(lli). ~~¼½~~¼ 

4h ~ 111 -f- ~ YA ~ ;Ji, * * 1-t -YJ.: A. : MasMbtLiu ~ t-t ~+ ~ * * 1-t -YJ.: A. : 

MapMCqMdr ~ t-t:3f+. ,It~.itt1-t-YJ.:-A.. i:r, Ma~ -ii-1it~EJ4£-~-JfJ A¼½a1½ 

10 Ait-#:-~4½Ait-#:"i:f=' ~£~•-#it-#:-; Mb ~-ii-~4£~ Ma-ZYra1½Ait 

-t-~4½Ait-#:" i:f=' a1 £~--#it-#:-; Mc~ -if-;Jl=-½Ait-#:" i:f=' a1 £~--# it-#:-; 

Md~ -ii-~ Ma -ZYr a1½Ait-#:-~4½Ait-#:" i:f=' a1 £~--# it-#:-; 1f- .lL s. t. 

u. p. q~ri~~s>O. t~0. u~0. p>0. q>0~r~0 . .J:tYr, ~YA,Tt~tll 

i:f=' 1~)f] ;r-: ~;Jf,,tt (Li) a1 X.;tJL1-t¼4h, 11H(o MnO
2

• V
2
O

5
• V

6
O

13
• NiS ~ 

15 MoS. 

~~••-t-~~:i£~~~-~. ~-~~~~•a~•~-~~~­
~::fi:r~•~ i:r ~-#Al#, ~-~~;J1,,ttll,.::fi:r;J)=.7J<.~ti,J. 

42-ll,. ~;Jfr:izt m LiPF6 • LiBF4 • LiAsF6 • LiC1O4 • LiB(C6H5) 4 • LiCH3SO3 • 

LiCF3SO3 • LiN(SO2CF3) 2 • LiC(SO2CF3) 3 • LiSiF6 • LiBOB ;fi:r-=.~,WJ-42-i:f=' 

20 ~-#Aj4f. 11H(o, 42-ll,.izt)f] LiPF6 , IEJ.79'!?;~YA~tl::~~--t-~~-$1f­

?~-¼~ J~4t•t1. D 

;J)=. 7J<.~ti1J ~ 59 ,,v£1Jii@iff1-t¼4h. ~1Jii@iff1-t¼4h. il£! 1-t¼4h. .1,--e; **JL~ 

ti1J A -e; 11'1 ~ fil ¼ . 

«•o~¼~~5>9*R«•o~¼~.~R«•o~¼~. ~R«• 

25 @iff1-t¼4hA-1--fil¼" 

4JtR,,v£1Jii@iff1-t¼4h~ ~111h,,v£1Jii-=. c...@iff( DEC). ,,v£•-=- o/@iff( DMC). 

,,v£--=-0'J@iff ( DPC) . ,,v£• o/ 0'J@iiff ( MPC) . ,,v£• c... 0'J@iiff ( EPC) . ,,v£1Jii 

o/ c...@iff( MEC )R.1--tJI.¼" ft~~~k.,,v£•@iff1-t¼4h a1~1,159 ,,v£•J.E. c...@iff( EC). 

,,v£•J.E 0'J@iiff (PC) . ,,v£1JiiJ.E T @iiff (BC) . ,,v£• c...t• .£-J.E. c...@iiff ( VEC) R.1,-

11 HP171430LZ 
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.fll½o fo}f:i£.#i-.1\;;Jt•fill~1-t½4hav ~17159;;Jtf!i#i-.1\JE. CJ©i~ ( FEC) , ;;Jt• 1,2-

--==-#i-.JE. CJ@i~, ;;Jt• l,1---==-#i-.JE. CJ@i~, ;;Jtf!t l,1,2-3-#i-.JE. CJ@i~, ;;Jtf!t 1,1,2,2-

1?!7 #i-. JE. CJ @i~ , ;;Jt. 1- #i-.-2- lf £ JE. CJ fill~ , ;;Jt l!t 1- #i-.-1- lf £ JE. CJ @i~ , ;;Jt. 1,2-

_::_ #i-.-1- lf £ JE. CJ @i~ , ;;Jt. 1, 1,2-3- #i-.-2- lf £ JE. CJ @i~ , ;;Jt .;._ #i-. lf £ JE. CJ @i~ 

5 1:l.Jl:-.fll½ o 

••o~½~av~~79CJ.\fft, CJ.CJft, CJ-.il:.~ft, CJ-~T 

ft, ~-lfft, ~-CJft,~T~ft-~~ft, A~ft, lf~~-~ft, 

c.. ~ fill~ , lf llii lf @i~ 1:l. Jl:-.fll ½ o 

M.1-t ½ 4h av ~ 171 59 _::_ T M. , ll!7 -it 1c1it--==- lf M. , _::_ -it ~ _::_ lf M. , 1,2---==- lf ft. 

10 £ CJ j:Jt, 1,2---==- CJ ft.£ CJ 1JL, CJ ft.£ lf ft.£ CJ j:Jt, 2- lf £ ll!7 ID.. VA vm, ll!1 ID.. VA 

vm ,&_ Jl:- ill½ o 

Jl:- '"t ~ Jfll, ~ 1l1J av ~ 171 59 _::_ lf JE. ~ , 1,2---==- _ft.. A £1' , £1' T ~ , lf £ J-1' T i;fit. , 

1,3---==- lf £-2-V)f.Y:±1Jti'Ji~, N-lf £-2-vJ.t~j:JtfJi~, lf i$\:.}Bc-, _::_ lf £ lf i$\:.}Bc-, 

CJ--*•3-lfft,*·3-CJft,*·3-~ft, ::fP*•QaJl:-tt½o 

15 ~.tf ;f... t wa{J ~ ;fL~JiL m -t-4:ir • --f- 1£. ~~av 1£.illt11.1t~1x.@,.fE· •~~, 3£ 

ti[ ►:I-¾_&,& ( J1i-;;l'R )~ ::fP ;t}f '.it:~ o 

T~M½~~~, *-ffe~:i&.;f...lfwo JiL~m-, ~~~~~~ftl-t­

~~;f...1fw~~ftl-t-~~;f...1fwav~~ 0 ~~~~~~~~----f-1£.~av 

1£.•tt*59•~~avlt~, ~;f...lfw~~-t-~o 

20 ~ T:i£.~~1t1 ~, fJf1.R.ftJ .ftl a{Ji}(.1l1J, -tt# ►Y-1:l.1x.~-:!<u~~~4tfJF;.aviJU1JJ, 

J:!:J tif ~ Jit,;J it 1-¥- o 

~~11~ 1 

( 1 ) t tllill Jt a{] i 1J ~ 

*t•~~##A~~£-~MMT~-lt-*1£.M*1£..~(S~fil 

25 P ) ~* Ji _;_ ft. 92: 3: 5 1j-¼ • --f- 1J<- Jf.½ J!:] 5J it~ t illfiJt;f:4-, Z~ ~.tf t illfiJt;f:4- J!:] 

:i:J~4~t••~~~~av.il:.~~~~, ~~~85tT*~' *At•~ 

~##&, ~~*tt~ffi-~*- AX-, ~#t••~. ~~t••x-. 
( 2 ) .il:. ill ill Jt a{] i 1J ~ 

~.tf.il:.ill~•t1.#;f:ftt·•4:ir (LiCoO2 ), ;fi!itt1l1J~1ia#i-.CJ~ (PVDF), * 

12 HP171430LZ 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 109 of 206

1111111 lllll llll llll llll 11111111111111111111111111111111111111111111 
20180411 

2018103229311 

lf?.1f1J-!f-lf?.Jx.,W. (Super P) .t~~_;_J;t. 97:1.5:1.5 it--t-it-ti1J N-'f£ 11Jt4fJti§M 

( NMP ) 1t' , .jjjl .t-f :J;~ 5J t 1J A iE tzt At3f4- , 14 J6 ~f iE tzt At# :J;~ 5J ¾;$",?I. iE tzt ~ 

~~~ffl~iE~~+~~L, ZJ6,?I.85tT*f, ff~iE-~~##&, 

z;g-~~*~· ~*· AX. ~~iE••~.ff~iE-•X. 

5 ( 3) f~ •Rt~tiJ~ 

~f Jti=JLJ~;j:'_;i:r,h~~ ~ ;j:'i!; Mti1J Jrt 1ib #i.. 01$.J~~:ifR J;t.1.n. 1.2 -;£1,---, 11416 jJr1 

A~'f£~4~M(--it-M)*~5J~#,ff~¾;$"~, $4'¾;$"~~ 

mi½£JJ 7%; ;\tft]i~,'t¾;$"*~fi,t;$"~i.t;$"-f-_p.:JL£t-t (Jrt0:J$) L, -JfJ 

AiKRl; ~f*~iXfRla1_p.:JL£t-t ( Jrt01~) i~Altl½~-¼--f-1.J(. (---=-it-

10 ti1J ) :t0 N- 'f £ 11tt 4 ~ fil!M ( NMP, - -=-it-ti1J ) ~ ;~ mi ~ 1t' :i!A-f ;.tgi .$½1-t. , $ 1t' , 

~mi~ 1t' N-'f ,£. 11tt4~i1JiM ( --=-it-ti1J ) ~~ £ 1i ~½ £ JJ 40%, i,t;$"~:t0 

~mi~~ ~llt}t_ :l:SJ JJ 25 °C; i~Ai~ mi~ 1t' 30s J6, i.k.Af* f~ T 60 °C *14- T 1* 

f , ,ff ltl * ~ _p .:JLRl. a1 f~ • Rl. $ 1t' , 3t ;j:JLJ~ ;j:'_;i :rh~ ~ a1 ;j:'_;i,1£ ~ ;$": Dv 1 0 

JJ 0.9µm, Dv50 JJ 1.8µm :tP Dv90 JJ 3.0µm. 

15 ( 4) If?. Wr-~~ tiJ~ 

~f,tt.l,I,. LiPF6 ~ 3lf 1.J(.~i=JLit-ti1J ( kJl/Jii 01~@~ (EC) :kJl/Jii-=- 0@~ (DEC): 

kJl/lit 'f 0@~ (EMC) :kJl/liti!E 01$@~ ( VC) =8:85:5:2, ~ _;_ J;t.) ;J!£-~ _;_ J;t. 8: 

92 /die. t 1J T1TT A~ it-~ 1-t JJ If?. Wr- ~. 
( 5 ) -tt.. --j- lf?, k, ~ t 1J~ 

w ~iE••x. ~-•~a~••x~~;g-, ff~lf!.•tt#,zJ6~~ 
#~. ~Alf?.Wf~.~A-~~A~, ff~-tt.--f-lf?.k.. 

~~11~ 2 

,?I.~~~~4', ~••X.iE••x. lf?.Wf~.«•-f-lf?.k.~~~~ 

*~~~~~11t'ffl~~~~~~~~*~~- ~--~~~~*:f\7~~ 

25 1f1 l 1t'P)f~a1t1J~~*-ft, ~~Z~,?I.T, ¾;$"~a1mi½£JJ 10%. 

~~11~ 3 

,?I.~~~~4', ~••X.iE••x. lf!.Wf~.«--f-lf!.k>~~~~ 
*~~~~~11t'ffl~~~~~~~~*~~- ~--~~~~*:f\7~~ 

1f1 l 1t'P)f~a1t1J~~*-ft, ~~Z~,?I.T, ¾;$"~a1mi½_;_J] 15%. 

13 HP171430LZ 
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~,j@.(1~ 4 

¥~~~~t. ~••x.~••x. ~M~-••~~~~~½~ 
*~~~~~Itffl~~~S~~½~*~~- ~--~~½~*~~~ 

1,1 1 t fof~a~11i-1J½~*-ft, .:z-:: ~ .z.~¥ -t-, *;$""~a~~¼_;_ 79 20%. 

5 ~,j@.(1~ 5 

¥~~~~t. ~••x.~••x. ~M~-••~~~~~½~ 
*~~~~~Itffl~~~S~~½~*~~- ~--~~½~*~~~ 

111 I tfo}f~a~1fi-1J½~*-ik, .:f:~Z~¥T, *;$""~a~~¼£79 25%. 

~~·~ 6 

10 ¥ i.i ~ ~ 111 t , ~ tJ.ttJ.t X . ~tJ.ttJ.t X . ~ M ~. 4£ • ~ ~ ~ ~ 11i-1J ½ ~ 

*~~~~~Itffl~~~S~~½~*~~- ~--~~½~*~~~ 

11u I t hr~~1fi-1J½~*-ik, _:z-:: ~ -Z.~¥ T' *;$""~a~~¼£ 79 15%, * 
Kut.ft..=. lf7 £ l. i$\:.~ ( DMAC) ft 79 ~ -=-~1fiJ. 

~~·~ 7 
15 ¥ i.i ~~1,u t, ~ tJ.ttJ.tX. ~tJ.ttJ.tX. ~M~- 4£ • ~ ~ ~~11i-1J½~ 

*~~~~~ltffl~~~S~~½~*~~- ~--~~½~*~~~ 

1,1 1 t hr~~11i-1J½~*-ft, .:z-:: ~ z~¥ r, *;$""~a~~¼_;_ 79 1s%, * 
..fl.iit.ft..=. lf £ lf7 i$\:.~ ( DMF) ft 79 ~ -=-~1f1J. 

~~·~ 8 

w ¥~~~~t. ~••x.~••x. ~M~-••~~~~~½~ 
*~~~~~Itffl~~~S~~½~*~~- ~--~~½~*~~~ 

1,1 1 t hr~~11i-1J½~*-a, .:z-:: ~ .z.~¥ r, *;$""~a~~¼_;_ 79 1s%, * 
..fl.Jt;f:JL.Jf-ffi:::l:i:.1h-!lfth a~::l:i:.1~~;$"": Dvl0 79 0.015µm, Dv50 79 0.2µm, Dv90 

79 1.5 µm. 

25 ~~·~ 9 

¥~~~~t. ~••x.~••x. ~M~-••~~~~~½~ 
*~~~~~ltffl~~~S~~½~*~~- ~--~~½~*~~~ 

1,1 1 t hr~~11i-1J½~*-ft, .:z-:: ~ z~¥ r, *;$""~a~~¼_;_ 79 1s%, * 
..fl. Jt ;f:JL .Jf-ffi: ;fi:. 1h-!lft h a~ ;fi:. 1~ ~ ;$"" : Dv 10 79 0 .2 µm, Dv5 0 79 1. 0 µm, Dv9 0 79 

14 HP171430LZ 
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2.0µmo 

~~.(1~ 10 

¥~~~~t. ~••x.~••x. ~M~--~~~~~~¼~ 
*~~~~~Itffl~~~~~~¼~*~~o ~~-~~¼~*~~~ 

5 ~Itffl~~~¼~*-ft, ~~z~¥T, ~~~~~¼_;_h15%, * 
.il..Jt;f:JL,Jtt.?L:rh~Ai a13J.'.?L.1~7}~: Dvl0 h 1.6µm, Dv50 h 2.6µm, Dv90 h 

4.6µmo 

~~11~ 11 

¥~~~~t. ~••x.~••x. ~M~-•~~~~~~¼~ 
10 i!-:J:51 ~ ~~-ffu 1 t fJt~~;.J:m~ a1l1J¼~*;.J:m ~ 0 f~ ~ ~la1-iM¼~i!-~~~ 

1fu 1 t .P)f~~l1J¼~*-Jk, ~ ~Z~¥T, ~~~a1 ~¼_;_h 15%, * 
.il..Jt;f:JL,-9i;JJ.'.?L:rh~Ai a14'.?L1~7}~: Dvl0 h 2.2µm, Dv50 h 3.5µm ~ Dv90 h 

5.8µmo 

~~11~ 12 

15 ¥ ife: ~~1fu t, ~ tzt.tzt.X. ~tzt.tzt.X. ~M~- 4:'r • ~ ~ ~~~l1J¼~ 

20 

*~~~~~Itffl~~~~~~¼~*~~o ~--~~¼~*~~~ 

1fu I tfJr~~l1J¼~*-ft, ~~Z~¥T, ~~~a1~¼_;_h 15%, * 
.il..Jt;f:JL,-9i;JJ.'.?L:rh~Ai a14'.?L1~7}~: Dvl0 h 3.0µm, Dv50 h 5.0µm ;;fi:r Dv90 h 

10.0µmo 

~~11~ 13 

¥~~~~t. ~••x.~••x. ~M~--~~~~~~¼~ 
*~~~~~Itffl~~~~~~¼~*~~o ~~-~~¼~*~~~ 

1fu 1 t f)f~~l1J¼~*-ft, ~ ~Z~¥T, ~~~a1 ~¼_;_h 15%, * 
25 .il..a ~ ~ t N- \f7 £.vJ.t~:kJUJi~ ~ ~ _;_ ~ 7}¼ _;_ h 20%0 

~~11~ 14 

¥~~~~t. ~••x.~••x. ~M~-••~~~~~¼~ 
*~~~~~Itffl~~~~~~¼~*~~o ~--~~¼~*~~~ 

1fu I tfJr~~l1J¼~*-ft, ~~Z~¥T, ~~~a1~¼_;_h 15%, * 
15 HP171430LZ 
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.ii..« [!J J1l 4' N- 'f £ 11Jt 4 :J:;t i§~ {r).J Ji _;_ ~ ~ ¼ _;_ jJ 6 0 % o 

~~.(1~ 15 

~~~~~i:t. t••x.~••x. ~MJ1l.«•~~~{r).J~¼~ 

*~~~~~l'fffl~{r).J~~{r).J~¼~*~~o ~--{r).J~¼~*~~~ 

5 ~l'fffl~{r).J~¼~*-ft, ~~z~~T, ~~J1l{r}.Jl!J¼:£5915%, * 

.ii..~ ft] .ft.1-1:Ag-ft jJ Jt ,!=JLiJt;J:_;i , .ft.1-t. 4g ijt;J:_;i {r).J 3J:'_;i 1~ ~ ~ : Dv 10 59 0. 9 µm, Dv5 0 

59 1.8µm ~ Dv90 jJ 3.0µmo 

~~11~ 16 

~~~~~i:t. t••x.~••x. ~MJ1l.«•~~~{r).J~¼~ 

10 i!- :J:51 ~ ~ ~ 171 I 1t' P)f ~ {r).J ;ffcl ~ a1 l 1J ¼ ~ * ;,J:m ~ 0 f~ • ~l a1 -lM ¼ ~ i!-~ ~ ~ 

1f1 I 1t' .P)f~{r}.Jl1J¼~*-Jk, ~ ~ z~~ T' ~~J1la1 l!J ¼_;_ jJ 15%, * 

.ii..~ ft] fl ,f\..1-t. 4k 1,t 59 JG ,fJL i-Yl 3J:'_;i , ,f\..1-t. 4g i-Jl 3J:'_;i {r).J 3J:'_;i 1:£ ~ ~ : Dv 1 0 59 0 . 9 µm , 

Dv50 jJ 1.8µm ~ Dv90 jJ 3.0µmo 

~~11~ 17 

15 C 1) i t.&.t.&.X a1l1J¼ 

~t•~~##A~~£.~~MT~•&·*~M*~·~(S~m 

P ) .t~ Ji _;_ );;!::. 92: 3: 5 ~ ¾ • ~ 7J<. Je.¼ :J:51 5J l 1J A i t.&.At;;f:4, zro ~f i t.&.At;;f:4 :J:51 

5J~4~t••~*-~{r).J~~~~L, ~ro~85tT*f*At•~~ 

##&, ~ro~ff*ffi· ~*· AX. ~4t••~.~~t••xo 

20 C 2) ~t.&.t.&.X a1l1J¼ 

~f~t.&.~•t1.#;;f:44t-~4£ (LiCoO2 ). :-¥Jiti°1f1J1it1,'1~l..1$ (PVDF). * 

~ 1f1J * ~.,W. ( Super P) ;f~)t _;_ );;!::. 97: 1.5: 1.5 it.T it.1f1J N- 'f £ 11Jt4:J:Jti§~ 

( NMP ) 1t' , -ttit¥r- :J:51 5J l 1J A~ t.&.At;;f:4 , f'.-& ro ~f ~ t.&.At# :J:5] 5J ~ ~ ~ ~ t.&.. 

~Jfu*4g fii {r).J ~~~1-Az.~ L, zro ~ 85°CT:kAf ro1f.ftl~t.&.~•t1.##&; 

25 ~fJt;j:JLi-Jl;;f_;i!'f},J~~~:-fJi~fi'1J PVDF ~*::tR);;!::.1ii. 1.2 ilf.¼, ~)6jJTJJ\... N-'f£ 

~4~M(--it-M)*~5J~#. ~~~~J1l. *-4', ~~J1l{r).Jl!J¼_;_ 

5915%, *)f]~~~~*~~~J1l~~TRI~~-~~##&{r).J~-­

~*L, *Afil.,zro~A~¼~¾-~*C•~it-M)R~'f£~4 

:J:;t m~ c • -=-it-1f1J ) a1 « l!l J1l i:t ~ -f-t;,J:m .$½-1-t. , *- i:t , « l!l J1l i:t N- 'f £ 11Jt 4 :J:;t 
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i§~ {r).J )gt :£ ~ ~ ½ :£ 59 4 0 % , i:%:" ;$" ;:rl :f P ~ ffiJ ;:rl {r).J )_~ At :l:5] 59 2 5 °C ; i~ A~ ffiJ ;:rl 

i:f=' 30s;f;, ilr:A:L'*~~-f 60°C-?f--14T:L'*-f", z;f;~ii~J£, ~-?f--, AX, 9:f 
.t~ iE ifll ;i'.?t.--1f- , ,ff .f U if- * 5? .:JL Jll a~ iE ifll ifll it o $,- i:p , 3t tJL ,JL;l!_;i th*~ {r).J :if'_;i ;fl: 

~;$": Dvl0 59 0.9µm, Dv50 59 1.8µm ;fi:r Dv90 59 3.0µmo 

5 C 3 ) f~ • Rl {r).J ltl ~ 
YA~ L.., ~ 5? .:JL£.tt11= 59 f~ •• 0 

C 4 ) 1l!. fij- ;:r,t {r).J ltl ~ 

¥f4£Jit LiPF6 .E; ~f 1J(.*;j,JL~jf1J ( $_£_/Jieft e,f·iffi~ (EC) :$,£./Jieft..=.. e,@~ (DEC): 

$_£_/Jieft 1f e,@~ (EMC) :$-£./JieftJ12. e,f·@~ ( VC) =8:85:5:2, ;gt _i 1:;t.) #c-)Jt _i 1:;t. 8: 

10 9 2 @e. l 1J ifi7 A {r).J ~ ;:r,t 11= JJ 'l!. fij- ;:r,t o 

( 5 ) 4£ • --j- 'l!. ~~ {r).J 11;-ij ~ 

~iE••x- ~••~at••x~~;f;, ff~'l!.•tt#,z;f;~ii 

#~, ~J\..'l!,fij-;:rl,~ffe.,,~~ffe.,~, ff~•---j-'l!,~o 

~~.{1~ 18 

15 ( 1 ) i ifllifll it a~ 1!;-1J ~ 

~i-~tt##A~~£-~MMT~-1t-*'l!.M*'l!.·~(S~m 

p ) .t* ;gt :£ J;!::. 92: 3: 5 .E; ~jfiJ N-1f £. P!t ~ j:j[, i§~ ( NMP ) }ft.½ :l:5] 5J l 1J A t ifllJR 

:i/-'4- , z;f; ~-tf t ;t.?t. At# :l:5J :tJ ¾ ~-f£- t ;t.?t. •~/'It#-~ fi5 a~ iE g__ ~ di1 J:. , r.~ Jf; -f£- 8 5 °C 

T~-f-;f;*At•~tt##~, ~Jt~-~~-~EJ~MMPVill#c-#-~ 

20 J;!::.11i. 1.2 }ft.½' f}!._Jf; -JJriA N-1f £.P!t~fjf,i§~ ( ~ -~jflj ) -#-J5J 5J ~it.t-f' ,ff .fU 

¾;$";:r,t, Jt-i:f='¾;$";:r,t{r).J!!J½:£JJ15%, ~m~*¾;$"*~¾;$";:r,t¾;$"-t~ 

1{_* i ifll~•t1At#~a~ i ifll-~lit#-J:., 7fj AiXfJll, z;f;i~A.ftl½*-¼ .--j-

7.J(. c ~ ;.. ~ *'J ) a N- 1f £. Ptt ~ix@~ c ~ -=-~ *'J ) {r).J ~ ffil ;:r,t i:r ill 1-t ;tfcl 4t 1-t. , 

$,- i:p , i~ ffiJ ;:r,t i:p N - 1f £_ P!t ~ j:j[, i§~ {r).J ;gt :£ ~ ~ ½ :£ 59 4 0 % , i:%:" ;$" ;:r,t ::fi:r ~ ffiJ ;:rl 

25 {r).J i~lt:l:5J 59 25°C; i~A~ ffiJ ;:rl i:p 30s ;f;, ilr:A:L-*4°~ -f 60°C-?f--14T 1*-f", Z 

;f;~:i.i~&- ~-?f--- AX-~~t••--1f-,ff~t••Xo Jl:-i:f=', Jt~a 

:if'_;l_'.f./J*~ {r).J;;f'_;i;fl:~;$": Dvl0 59 0.9µm, Dv50 59 1.8µm :fP Dv90 59 3.0µmo 

( 2 ) iE ;rlt ;rlt it a~ l 1J ~ 

~-tfiEifll~•t1.#:i/-'4-4t-/Jit4£ (LiCoO2 ), ;fi!iftjf1J~1iiJ#(.e,~ (PVDF), * 
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lf?.1f1J-!f-lf?.Jx.,W. (Super P) .t*~_;_J;t. 97:1.5:1.5 it--t-it-ti1J N-'f£111t~1Jti§M 

( NMP ) 1t' , iiit .t-f :I:~ 5J l 1J A iE tzt At3f4- , 14 J6 ~t iE tzt At# :I:~ 5J ~;$",?I. iE tzt. 
~~~ffl~iE~~+~~~. ZJ6,?I.85tT*f, ff~iE-~~##&, 

z;g-~~*ffi. ~*· AX. ~~iE••~.ff~iE-•X. 
s ( 3) f~ •Rt~ltl~ 

YA~ L.., ~ ~ .JL.£.tt+t jJ f~ •• 0 

< 4 ) If?. fij-~ ~ ltl ~ 
~4J-4£Ji£ LiPF6 .E; ~f 1J(.~;i:JLit-fi'1J ( $_£_/Jieft e,f·iffi~ (EC) :$,£./Jieft-=.. e,@~ (DEC): 

$_£_/Jieft 'f e,@~ (EMC) :$-£./JieftJ12. e,f·@~ ( VC) =8:85:5:2, ~ _i l::t.) #c-~ _i l::t. 8: 
10 92 @e. l 1J ifi1 A~ it-~ 1,t JJ If?. fij-~. 

( 5) 4£.-r-lf?.~~~liJ~ 

~iE••x. ~••~at••x~~;g-, ff~lf!.•tt#,zJ6~~ 
#~- ~Alf?.fij-~.~A-~~A~. ff~••-r-lf?.~. 

~~.{1~ 19 

1s < 1) t tzttztX a{Jl1J~ 
~t•~~##A~~£.~~MT~-lt.-!f-lf?.M-lt-lf?.Jx.~(S~m 

P) .t*~ _;_ !::t. 92:3:5 1=; it-ti1J N- 'f ,£. 11Jt~fJtifilM ( NMP) }t't.1,'--:1:~ 5J l 1J Ai tztAt 
3f4- , z;g- ~t t tztAt# :1:~ 5J ~ ~,?I. t tzt • ~1-!t~~ fi5 a{] iE ~ ~ ~ ~ , r.~ ;g- ,?I. 85 ·c 
T*f*At•~~##&,M16~~*ffi·~*-AX-~~t••~. 

20 -1i .ftl i tzttzt X . 
( 2 ) iE tzttzt X a{] l 1J ~ 

~4f-iEtll~•t1.tf:;j:4-4t-/Jit4£ (LiCoO2 ). ;fi!iftti1J~1-'1f\..e,~ (PVDF). -lf­
lf?.1f1J -ly- If?. Jx.,W. ( Super P ) #c-~ _;_ J;t. 97: 1. 5: 1. 5 it--t- N- 'f £ 11tt ~ tt ifilM ( NMP ) 

4', «#~5J~AiE•At#, M16~iE-At#~5J~;$",?I.iE•-~~~ffl 
~ ~iE~~+~~~' ZJ6,?I.85tT*f, ff~iE-~~##&; ~~~­

:lf'.!1. th~~ EJ ;fl; ft ti1J PVD F q*~ :tR !::t.1.n. 1.2 }ft:.½ , M J6 :/Jr:i A N- 'f £ 11Jt ~ fJt iJJiM 

( ~ - it-ti1J ) * :J;~ 5J .jjjl .t-f ' qf .ftl ~ ;$" ~ ' -1-- 1t' ' )~ ;$" ~ ~ mi ½ _;_ jJ 15 % ' 

*m~~~;$"*~~;$"~~;$"-t-RI~iE-~~##&~iE--~~~, 
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~*M>~-~~+*tt~#~,Jt-+,a~~+~o/£~4~M~~~ 

1f ¾¾~ j; 40%, i~~~:;fi:ri~~ ~~~llt;f_:HJ jJ 25°C; i~Aa ~ ~ + 30s ro, 

*A:kAf~T 60°C~14-r:kA-f-' Zroftii4-J£, ¾~, ~Jt' 9:f-t~iEtll.tll.Jf, 

1-t-.ftl * ~ ~ .JLmt ~ iEtll.tll.Jt o $,- +, }t;j:JL.Jilj;f.?Lfh*--ti ~ t.?Ltt¾~: Dvl0 j; 

5 0.9µm, Dv50 jJ 1.8µm ;fi'.t Dv90 jJ 3.0µmo 

C 3 ) f~ • Rl ~ t 1J ½ 
¥f 3t;j:JL.Jilj;f.?Lf,h*--ti Ej:ifi!;Mil1J PVDF .t*#,.::f,ut.1.n. 1.2 -:£¼, t?!,ro/Jr1A. N-

o/£~4~M ( --*M >*~~a#, ff~¾~•,$,-+¾~-~~¾ 

~;{715%; *m~~¾~*~¾~~¾~-t-~~£#(·G•)~, ~A 

10 i£Rl; ~f*~i£Rla~~.:fL£t-t ( .Gf~) i~A.ftl¾~-¼--f-1.)(. (--==-*il1J) 

a~o/£~4~M<-~*M>~•~•+*tt~#~, $,-+,a~~+ 

N- o/ £vtt4~i'Ji~~~ ~ 1f ¾¾~ j; 40%, ¾~•;fi'.t·~-a~-;llt;f_J±jj; 25°C; 

i~A·~•+ 30s ro, *A:tAf~T 60°C~14-r:kA-f-, 1-t-.ftl*~~.:fLRla~f~ 

.Rlo $,-+, Jti=JL:lfj;f.?Lfh*--ti ~t.?L.1::t¾~: Dvl0 j; 0.9µm, Dv50 jJ 1.8µm 

15 ;fi'.t Dv90 jJ 3.0µmo 

( 4) 1£.,W-~tiJ½ 

~f,tt.l,I,_ LiPF 6 Ej 3Jf 1J(.~;j:JL*il1J ( kjt~ Gf~@~ (EC) :k),/l~~ G@~ (DEC): 

kjt~ o/ G@~ (EMC) :kJ,/l~iJE G-@~ ( VC) =8:85:5:2, ~ ~ t;!::.) #~ ~ t;!::. 8: 

92 IJic. t 1J rm A~*~ 1t ;{11£. foW ~ o 

20 ( 5 ) 411. ~ -f- 1£. k, ~ t1J ½ 

~iE••x- ~-•~at••x~~ro, ff~'l!..•tt#,zroftii 
#~, ~All!..foW.•-~A-~~A~, ff~411.--f-'l!..k,o 

~~11~ 20 

c 1 > t tll. tll. Jt a~ t 1J ½ 

~ ~i-~tt##A~--ti£,~MMT~-1t-*'l!..M*'l!..•~<s~m 

P) .t*~ ~ 1;t. 92:3:5 1:j *il1J N- o/ £vtt4:k;tifil~ ( NMP) -:£¼J±J ~ t 1J Ai tll.JJt 

;i/:4- , zro ~f t t1t. JJt;,p P±J ~ ¾ ~,,ff. t t1t. ~ ~)t #-. ~ ftf'i a~ iE 1~3};j diJ ~ , 1'.f.. ro ,,ff. 8 5 °c 

r~-f-, ~At•~tt##&, ~Jt~-~~*--til:j~MMPVill##-.~ 

t;!::.1.n. 1.2 -:£¼, f!,._ro /Jr1A N- o/ £vtt4:k;ti§~ ( - -*il1J ) *;t±j ~ ~JtA1, 1-t-.ftl 
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¾~~. $+¾~~~~¼.w.~15%, *m~*¾~**¾~~¾~f~ 

.:i..* in tlU~•t1.## & a~ int&.~ ~!it{f..J:., -Jfj AiXfJJl, ZJ6i?:.A.ftl¼*-¼ ~ -t-

1.)<. ( - ;... it- Jl1J ) 2:l. N- lf £_ vlt 4 ;1:Jt i'Jir;;J ( - _:::_ it-Jl1J ) ~ • ~ ~ + :Hr.1-t ;J:~ .$½ 1-t. , 

$+, i~~~+ N-lf£. 111t4;J:Jti'Jir;;J~Ji.w.fi¼¼.w.~ 40%, i¼~~:;fi:t-~~ 

5 ~~ll,_/t.):1:J ~ 25°C; i?:.A• ~ ~ + 30s J6, :Hr:A:J:¾-:f~ f 60°C.14-r:J:¾--f-, Z 

J6~tl*ffi· ¼ •• AX-~4in••~.ff~**§~mt~in••Xo 

Jt +, Jt;tJLJj3f'_;i$',b-:Wh ~ 3f'_;i1~¼~: Dvl0 ~ 0.9µm, Dv50 ~ 1.8µm :;fi:r Dv90 

~ 3.0µmo 

C 2 ) iE t&.t&. X a~ i 1J ¾-
10 ~fiEt&.~•t1.t-tt-t4t-~4£ (LiCoO2 ). *JiMJl1J.1ib#\.G;!';ffi (PVDF). -!f 

1t?.1l1J-!f1t?.);t,W. ( Super P) J*Ji ;_J;t. 97:1.5:1.5 it-fit-Jl1J N-lf£. 111t4;1:Jti'Jir;;J 

( NMP ) + , 4iA.f :1:5:J :8 i 1J A iE t&. filA-t , ~ J6 ~f iE t&. At{-t :1:5:J :8 ¾ ~ ,,(E iE t&. ~ 

~{f..~ffl~iE~~+~~J:., -tJ€;,,(Es5tT*-t-, ff~iE•~~##&, 

zJ€;~tl*ffi· ¼ •. AX. ~4iE••~.ff~iE-•Xo 

15 C 3) f~ ~Rl~iiJ¾-
~f Jt;i:JLJj:Ji='_;i$',b-:Wh J=j *J;M"Jl1J PVDF J*{f..:fR J;t.1ii. 1.2 -:R:.½, ~)€; :lJoA N­

lf £.~40CM ( - -it-M) *~ :8 ~#, ff~¾~~. -:it+¾~~~~¼ 

.w.~15%; *m~*¾~**¾~~¾~f§~.£.#(·G-)J:., ~A 

iXfRl; ~f **iXfRl a~§ JL,£.t,t (. G.) i?:.A.ftl¼*-¼ ~ -t- 1.)<. ( - ;...it-Jl1J ) 

w 2:l.~lf£.~4ocM(-_:::_it-M)~-~~+:Ht:tt~#~, $+.•~~+ 

N-lf £.vH:40Ci'Jif;;J ~Ji .w. fi ¼¼.w. ~ 40%, ¾~~:f\7-~ ~a~5ll,_Jt.:1:5:j~ 25°C; 

i?:.A• ~ ~ + 30s J6, :Hr:A:J:¾-;f~ f 60°C.14-r:J:¾--f-, 1l.ftl ** § JLRl a~ f~ 

~Rlo $+, Jt;i:JLJj;j:'_;1.$',,&-:Wh ~;j:'_;i1~¼~: Dvl0 ~ 0.9µm, Dv50 ~ 1.8µm 

:;fi:r Dv90 ~ 3.0µmo 

25 ( 4 ) It?, foW. ~ ~ i 1J ¾-
~f ,tt. l,I,_ LiPF6 J=j ;jf 1J<.*tJLit-Jl1J ( kjt~ Gi;ffi@~ (EC) :kjt~_:::_ G@~ (DEC): 

kjt~ lf G@~ (EMC) :kjt~.:JE G-@~ ( VC) =8:85:5:2, Ji;_ J;l::.) ~Ji;_ J;l::. 8: 

92 /,lie. i 1J rm A~ it-~ 1t ~ It?. foW. ~ o 

( 5) 4£~-=f1¥,k,~i1J¾-
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*£••x. ~••~at••x~~~. ff~~•tt#,z~M~ 
#~. ~A~M~-~A-~~A~, ff~«•-f-~~-

5ft J;~,(f~ 1 

s ~~~~~t, t••x.£••x. ~M~-••-f-~~~~~~ 
*~~~~~Itffl~~~ffe~~~~*~~-

f~ •Rta~i1J~joT: 

¥f $-h~~ ;fpJit 'WfJ fl. c. ~.:f~ -~~ 14'--;;f;ut.1ii. 1.2 ~ .i hoA.ftl-¼. -f- 1.]<.. t ~~½ 

~~~A~#, *~~#~~¼.i~45%, ~~m•~*~**~#~~ 
10 ,~ ~ .itl ,P .:fL£. tt ( Jit c. i;f[i ) ~ £ Jj_ ~ ,t-;fl iliJ .l:. , ,ff .itl iXI & , iXI & ft :k* ;f~ f 

~~ , ,ff .itl f~ • Rl. -1-- t , JtAJLlJt,riL th~~ ~ ;riL ,f:£ ~ ~ : Dv Io ~ o. 9 µm, 

Dv50 ~ 1.8µm ;fp Dv90 ~ 3.0µmo 

,-j- J;~,(f~ 2 

~~~~~t, t••x.£••x. ~M~-••-f-~~~~~~ 
1s i!- HJ ~ ~ ~ 1,u 1 t ft~~ ;tm ffe a~ i 1J ~ ~ * ;tm ~ 0 f~ • Rl a~ i 1J ~ ~ i!- ;fp ~ ~ 

1,u 1 tft~a~t1J~~*-ft, ;r-:~z5<t~-t-, *~~a~~¼_;_~ 4%0 
,-j- J;~ 11~ 3 

~~~~~t, t••x.£••x. ~M~-••-f-~~~~~~ 
*~~~~~Itffl~~~ffe~~~~*~~o ~--~~~~*;fp~~ 

20 1111 tft~a~t1J~~*-ft, ;r-:~z5<t~-t-, *~~a~~¼_;_~ 30%0 

~ ~ -ffu 1-20 YA R~ J;:t.-ffu 1-3 a~~~ jo r ;fl 1 F}f iF 0 

;fl 1 
p,JL 

~~ Jc...tJL~.Jl!i:./µm ~l!J~ 
Aft1± 

~l!J 
~.::.~ 'f ~.::. 

]L 
¼;_ tr~ Dvl0 Dv50 Dv90 ff1J ~ff,]¼ 

i_ 

,~~ 

~#.1f1 1 Aft~ 7% t.h~;G 0.9 1.8 3.0 NMP 40% 
di', 

F~$5 
~#.1f1 2 Aft~ 10% t.h~;G 0.9 1.8 3.0 NMP 40% 

di', 

~#,1f1 3 F~$5 15% t.h~;G 0.9 1.8 3.0 NMP 40% 
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mt~ 
dr7 

Fi ;t5 
~~1114 mt~ 20% tJr~h 0.9 1.8 3.0 NMP 40% 

dr7 
Fi ;t5 

~~111 5 mt~ 25% t.h~h 0.9 1.8 3.0 NMP 40% 
dr7 

Fi ;t5 
~~1113 mt~ 15% t.h~h 0.9 1.8 3.0 NMP 40% 

dr7 
Fi ;t5 

~~1116 mt~ 15% t.h~h 0.9 1.8 3.0 DMAC 40% 
dr7 

Fi$5 
~~1111 mt~ 15% t.h~h 0.9 1.8 3.0 DMF 40% 

dr7 

Fi~ 
~~1118 mt~ 15% t.h~h 0.015 0.2 1.5 NMP 40% 

dr7 
Fi~ 

~~1119 mt~ 15% t.h~h 0.2 1.0 2.0 NMP 40% 
dr7 

Fi$5 
~~1113 mt~ 15% t.h~h 0.9 1.8 3.0 NMP 40% 

dr7 
Fi~ 

~~11110 mt~ 15% t.h~h 1.6 2.6 4.6 NMP 40% 
dr7 

Fi$5 
~~11111 mt~ 15% t.h~h 2.2 3.5 5.8 NMP 40% 

dr7 
Fi$5 

~~11112 mt~ 15% t.h~h 3.0 5.0 10.0 NMP 40% 
dr7 

Fi~ 
~~11113 mt~ 15% t.h~h 0.9 1.8 3.0 NMP 20% 

dr7 
Fi~ 

~~1113 mt~ 15% t.h~h 0.9 1.8 3.0 NMP 40% 
dr7 
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,~~ 

~~1fu 14 Aftk..- 15% tJJ~h 0.9 1.8 3.0 NMP 60% 

dr7 
,~~ 

~~1fu 1s Aftk..- 15% fl.1-tAg 0.9 1.8 3.0 NMP 40% 

dr7 
,~~ 

~~1fu 16 Aftk..- 15% ii. fl.1 t. 4k 0.9 1.8 3.0 NMP 40% 

dr7 

,~~ 

~~1fu 3 Aftk..- 15% tJJ~h 0.9 1.8 3.0 NMP 40% 
dr7 

JE;W.. 
~~1fu 11 ;W..}4- 15% tJJ~h 0.9 1.8 3.0 NMP 40% 

k..-oo 
~;W.. 

~~1fu 18 ;W..}4- 15% tJJ~h 0.9 1.8 3.0 NMP 40% 

k..-oo 
JE;W.. 
;W..)4-

~~1fu 19 ~~ 15% tJJ~h 0.9 1.8 3.0 NMP 40% 

~Aft 
k..-oo 
~;W.. 
;W..}4-

~~1fu 20 ~~ 15% tJJ~h 0.9 1.8 3.0 NMP 40% 

~Aft 
k..-oo 

,~~ 

51f J:;r.1fu 1 Aftk..- I tJJ~h 0.9 1.8 3.0 I I 
dr7 
,~~ 

n J;r.1fu 2 Aftk..- 4% tJJ~h 0.9 1.8 3.0 NMP 40% 
dr7 
,~~ 

n J;r.1fu 3 Aftk..- 30% tJJ~h 0.9 1.8 3.0 NMP 40% 

dr7 

,~,i~J-ii.: 

51-j- ~~1fu 1-20 ::fi:t51f J;!::.1fu 1-3 1t' 1/i1J4-{r).J ~ .:fl..}Jl::fi:t@,.M· ~ .:fl..}Jl {J).J4Jf. ~ -f- ~ 
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k,¾ JJU ill ,ff •t1.1it ::Jil1J -iR.. , ::Jil1J -iR.. -:JF * 1o T : 

( I ) § .JLRl ~ 4 ff.. ::Jil1J -iR.. 
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~ti~* § .JLRl ~ fi¥J ii& Rl;,J:.fJ'oA it!All.Jt ;,J:.fJ'oit..E,tf.iJil1J41x.. C Naitutoyo ~ 

J] ~ VL-50 ~ LITEMATIC) J:., 1.;t)f] 5mm a~-f-ffiA**• ;}**1-t:il:l:i!_Jf..79 

s 50mm/min, ff. jJ 79 0.0IN o ♦1--i~* § .JLRl a~ fi¥J ii& Rl;,J:fJ'pA 'l!.;rll.)t ;,J:fJ'p5JilD 

~601--4Jf..A,~4Jf..-f-~~~79~~~o§~Rl~4Jf..79¾~*§~Rl 

~~ii&RlAll!.•Jt~4Jf..A*~¾~§~Rl~~ii&Rl#£All!.•Jt#£~ 

4Jf.., ~*~&§~-~.~%~~2, ~~♦&§~-~4ff..o 

( 2 ) § .JLRl ~ :i!: q_,,t1.1it 5Jil1J id\ 

10 ~~ lOOmmxIOOmm a~i~*§.JLRl~fi¥Jii&Rlf.fJ'P, ;f1JftJ:k~ Gurley 

411 ON :i!: q,,Jf_::Jil1J il\1x.., 1.;t)f] I 00cc a~ 5Jili]id\ q_,{f..;tl;K.ill1-fiJil1Jil(., ic. fdJili]id\ q_, 

4f.. ¼ ¾~ i!i. :ii. i~ * § .JL Rl ~ fi¥J ii& Rl ;,j:.f J'p a~ ~ fa] , i,r17 79 Gurley 1ii. o § .JL Rl a~ 

Gurley 1ii. 79 i~* § .JL Rl ~ fi¥J ii& Rl a~ Gurley 1ii. A* ~ R * § .JL Rl ~ fi¥J ii& Rl 

( i,r17 ~t§ .JL£.tt) a~ Gurley 1ii. o ~ 'l!.tll.Jt i:r @A-&-§ .JLRlat, t!J "f- ~~1'ff..4f..* 

1 s !d' ;;r-: :i!: q_, , ~ Jl::t Jc.. * ~ P« JJ::t-:JF * i-t 1-t § .JLRl ~ :i!: q_, •t1. o 

( 3 ) § .JLRl ~ .JL F* ~ iJiliJid\ 

~£R*§~-~~ii&Rl#£A'l!.•Jt#£~*ff..· ~£~4£, * 
)f]ij~-:JF*~~§~Rl~4£,#~~~§~Rl~~~4f..~Vlo~ftJA~ 

Jf..1x.. ( micromeritics ~ J] ~ AccuPyc II 1340 ~ Gas Pycnometer) 5.9li]id\ R* 

w §~-~~ii&Rl#£A'l!.•Jt#£~A~4f..~~o. *~-iif..~~~~~~ 
R*§~-~~ii&Rl#£All!.•Jt#£~A~4f..~W.~§~Rl~A~4f.. 

:ifR V2=V20-VO, § .JLRla~.JLF*-$=1-V2/VL 

( 4 ) § .JLRl ~ -f- :l:5J .JL1~ 5Jil1J id\ 

ft] 1.t ~ ,rt JJ ~ Sigma-02-33 ~ .f3 ~ti; 'l!.1.txt § .JLRl % *5.Y!D £ ~ g J~ill-1-t 

~ ~•**4~Jto~~~Jti:r~~~~~-:JF~AkAaLI~~~-:JF~Ak 

A 1~ L2 , YJ 1Jj,i .JL ~ .JL 1~ 79 ( L 1 + L2 )/2 o 5.9!1] ~ 2 0 0 ,t- ;!:~ 4~ .JL a~ .JL ;f~ ~ -f- :r5J 1ii. 

~ 79 § .JLRl a~ -f- :r5J .JL1~ o 

( 5) § .JLRl~.JL1~¾~ ~M:.::.mDil\ 

ft] 1.t ~ ,rt JJ ~ Sigma-02-33 ~ .f3 ~ti; 'l!.1.txt § .JLRl % *5.Y!D £ ~ g J~ill-1-t 
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JJl.~-#-1%41!] X o iY!D :£ 200 /i"--:-tm4~.JL{r-J.JL1~, 1f.fU.JL1~¾~~~. RIO k­
,r-,tf..JL1~¾~~~ 4', M._,J,.JL1~19!tl~- ~.fU JiR 1O%{r-J.JL1~ ( 1O%{r-J.JL{r-J 

.JL1~ ,J, -t-i~ ~1ii. ) , R9O k-,r-,,(E.JL1~¾~ ~ ~ 4', J.A,J, .JL1~19!tl~, ~.fU J 

:tR 9O%a~ .JL1~ ( 9O%{r-J .JLa~ .JL1~,J, -t-i~~1ii.) , .JL1~¾~ ~ ~ D=R9O/RIO, 

5 Jt 1Cf D :i#&-t4ili I, k-aJJ .JL1~ a~ :l:51 5J •t1.:i#&~, D :i#& k, k-aJJ .JL1~ €r-J :l:51 5J •t1.:i#& 

fto 
C 6 ) ~ .JL RlAm 4~ .JL z fa] €r-J -f- :l:51 1! 4 iY!HA 

ft] 1-t 1!J ~ ~ €r-J Sigma-O2-33 ~ .f3 .fti; 1¥.. 4t){,j-~ .JL~ 1; ~iY!D i: €r-J JR J~i!.-1-t 

JJl.~-#-1*4 l!J X o iY!1J i: 200 /i"--:-tm 4~ .JL i:r €f.J-1l-~ /i"--:-tm 4~.JLz fal €r-J ~)J., Jfx..J¾-

10 -f-:l:511ii. J;J ~ .JL~:-tm 4~ .JL.z. fa] {r-J-f- :l:51 ~)J. o 

( 7 ) 4£ ~ -j- It!, ~~ €r-J 1¾ 4 , t1.1it iY!1HA 

,ff. 25 °Cr, ~f4£ ~ -j- 1¥, ~ f). 0 .2C •~ ;)l'L.i.k. 1¥.. £ 3 .OV, # I. 1 Omin, ti!,. J€; 

f). O.7C •~lrLiL1¥..£ 4.4V, -14~1¼-YA 4.4V •t.eJ£i[.1¥..£ O.O2C, #.:i.. lOmin, 

i!.-ffei,:-J. O.2C •~;)fL.i.k.1¥..£1¥..J£J) 3.OV, 5,9!1J i:.J:tata~.i.k.1¥..:,t.i:' ic.JJ QL 

15 ?.~/€;YA O.7C •~;)l'Li[.1¥..£ 4.4V, 1t•~J£i[.1¥..£ O.O2C, #.:i.. lOmin, YA 2C 

•~ ;iL.i.t 1¥.. £ 1¥.. J£ JJ 3 . o v, ;;,m1J £ .J:t at a~ .i.t 1¥.. :,t. £ , ic. JJ Q2 0 

4£ ~ -j-1¥, ~ 2C/O.2C 1¾-$.•t1.1it ( % ) =Q2/Ql X 100%0 

C 8 ) 4£ ~ -f- 1¥.. ~ €r-J ;fJti .i~ •t1. tit ;;,m1 iA 

,ff. 25°Cr, ~f4£~-j-1¥..~fJ. O.7C •~~}ff..iL1¥..£ 4.4V, 1¼-YA 4.4V •~J£j'[, 

20 1¥..£ 0.02C, #.:i.. l0min, YA IC •t.e~JiL.i.k.1¥..£ 3.0V, #.:i.. l0min, 5Y!D :£.il=tat 

€r-J ik It!, $. :£ ' ic. jJ Q3 0 YA J:. j£_ ffe ~ 1-t jJ - /i"--;{Jti ~ iLi.t It!, ' i!. 1T 2 0 0 ik ;fJti ~ ' 

2 o o ik ;fJti J~ J€; €r-J i.t 1¥.. $. :£ ic. J;J Q4 o 

4£ ~ -j- 1¥, ~;f}tj J~ 200 ik/€; €r-J $. :£ 1%#-$. ( % ) =Q4/Q3 X 100% 0 

25 ~HaA.~*= 
~ ~ 1,1 1-20 YA a){,j- );r. 1,1 1-3 a~ 5-9!D i: it* -;{13 r k- 2 f}f ,r- 0 

k- 2 
~ .:JL}]l 411. #15 -J-~ ~ 

Gurle JN,Jf.. -f-:H:J.:JL 
.:JL1~~ 

-f-:HJ-5! 1¾4'-•r± 
y{u 

(µm) 
.:JLf.1¥.¥ 

1~(µm) 
;$" ,%4-x. 

IN,(nm) ~E'. 
-trtp,,r,:,r1.1it 

(s/100 D 
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cc) 

~~11u 1 24 2.4 58% 12 1.5 20 80.50% 86.70% 

~~11u 2 28 2.4 55% 7.8 2.1 90 84.20% 91.10% 

~~11u 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

~~11u 4 41 2.4 49% 3.6 3.6 320 83.90% 90.70% 

~~11u 5 55 2.4 46% 1.5 4.5 500 79.70% 85.30% 

~~11u 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

~~11u 6 35 2.4 52% 4.5 3 220 85.10% 92.30% 

~~11u 1 39 2.4 50% 3.7 3.2 300 82.90% 90.00% 

~~11u 8 45 2.4 48% 3.0 3.8 410 84.50% 91.50% 

~~11u 9 40 2.4 50% 4.0 3.4 320 85.40% 92.10% 

~~11u 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

~~11u 10 30 3.0 54% 5.5 2.2 160 86.30% 92.40% 

~~11u 11 28 4.0 55% 6.9 2.0 100 82.40% 89.80% 

~~11u 12 26 8.0 57% 8.9 1.8 70 80.20% 86.50% 

~~11u n 39 2.4 51% 8.1 3.6 50 82.20% 89.30% 

~~11u 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

~~11u 14 34 2.4 52% 3.5 2.3 300 84.10% 90.20% 

~~11u 15 43 2.4 49% 2.5 3.0 240 80.20% 85.20% 

~~11u 16 38 2.4 51% 3.1 2.9 230 85.20% 89.70% 

~~11u 3 32 2.4 53% 5 2.5 180 87.30% 95.30% 

~~11u 11 I 2.4 53% 4.9 2.6 180 86.90% 94.60% 

~~11u 18 I 2.4 53% 5.1 2.6 180 87.20% 94.90% 

~~11u 19 
I 2.4 53% 4.9 2.7 180 

85.50% 93.50% 
32 2.4 53% 5 2.5 180 

~~11u 20 
I 2.4 53% 5.1 2.6 180 

85.70% 92.90% 
32 2.4 53% 5 2.4 180 

51t1:t.11u 1 36 2.4 46% I I I 68.80% 70.10% 

xtH::.1fu 2 20 2.4 61% 18 1.3 12 73.70% 76.30% 
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91 2.4 42% 0.5 5.3 600 72.70% 73.60% 

,9, .. J:.~;R. 2 i:r a~ :-i:f:1 *~ti%-"T YA1f-#-µ, 4--- t -rn- ~~17~.tll~a~ § .:JLJll.]l;.;t 

tt~~~~., -~-f-~k,.]l;.;ttt*~~·#ft~-Vfi~#ft. 

1-J...~~'ffu 1-5 ~zj-1;t.1fu 2-3 a~:-i:f:1 *~ti%-¾tt"f -#-µ, ~;$"i?l~ ffi1 ½_;_ Jf-JJµ, 

5 '~ ;$" ifl ~ ,fi5 Jt 7T ~ , ~ ffiJ ifl J7'l ~ ;j f ~1fIJ ( - 3.. ~1fIJ ) ~ ~ ;$" ifl J7'l ~ ;t tJL~ 

M(--~M)~~&~ll~*' ~*A~§~Jll~f~~a~~,~~ 
~z~~f~~4~~, §~-~~~•~~, ~~#ft~ft-~~, * 
,~ ;$" ifl ~ ffiJ ½_;_ii 1~ ( 1f1-3to, zj- );r, 1f1 2 ) , Y11J § .:JL}]l:x-fi YA AJll, 4£ ~ -f- ~ 

5~~~1-t.~•t1.11~-~~1Jrf.t. ~~1f13 ~§.:JLRla~f;l::5J.:JL1:£:tt:k., .:JL;f:£¾;$" 

1 o ;1::53 5J .il:fl§l 4~ .:JLZ Isl a~ f ;1::53 ~ 4tt ,J, . * ,~ ;$" i?l a~ ffiJ ½ :i ii~ ( 1f1-3to , zj- 1;t. 

1f1 3 ) , Y11J § .:JLJll ~ .:JL fJf- *ii 1~, ~ ~•t1.11~1fk..ft, .il~$( I!] 3 ,if .j,µ, § .:JL 

Jll i:j=r 11:ffifaJ -{-ffJ A,J,.:JL1:£:~tt:¥J, :-i:f:14~.:JLzfsJ ~f ;1::53~4tt:k., ? ~1}!1faJ« 

~ -r ~ k,~ $) J,1'•t1.11~ii:r1¾••t1.11~ 0 

1-J... ~ ~ 1fu 3 ii:r ~ ~ 1f1 15 , 16 a~ :-i:f=l *~ti%-¾ tt ,q- .j,µ , ½ ;t t2u1. 't 11~ Ill ~ 

15 Jt,;/=JLJj;j:'SL.xt4£ ~ -r- ~ k,~1¾••t1. 11~~-Vfi J,1'•t1. 11~ a~ ?k½ ~79 Xk~. :i!.~ d7 T 

½;t t.&A1. 't 11~ Ill~ Jt,,tJLJj;j:'SL ~ ;R. do~~~ EJ ~ ffi1 i?l f7'1 a~ ;J)=. ~1fIJ ( - 3..~1f1J ) 

-k ~ -f- 1](.tt 1J-, ;t ;f1] T-k ~ -f- 7](_ * ~ Jt,;/=JLJj;j:'SL;R_ do ;}f 1ft:il1A§ .:JLRl, 1-A itrJ 

,fJ:_ Jt, tJL Jj tSL a~ f1't :ilt. ffJ A.$~ :k. ~ .:JL tt ttJ , ;t ;f'J -t-1-J .f tl f ;1::53 .:JL ;f:£ .$~ :k. , :-i:f:14~ .:JL 

zrsJ a~f;l::5J~4.$~,J• a~.:JLttttJ. 

w ~~~~3- ~~~6~~~~1~~*~•¾#"T~, ~m~~~ 

;t ;/=JL ~ 1f1J ( - __::_ )$. 1f1J ) , ,VJ1]1-J .f tl ~ § .:JL Jll i:j=r ~ .:JL M :¥1 ~ ~ ;/=f:1 ~ , Jl:- 1t' , 1~ 

m NMP ffJ A~§ .:JL}Jl ~ f ;l::53 .:JL;f:£ ik. :k., .:JL F-~. ik. ~; 1~m DMF ffJ A a~§ 

.:JLRl a~ f ;l::53 .:JL 1:£ ik., J, , :£ Fl¥- • ik-1~; 1~ m D MAC Y11J ffJ A a~ § .:JL}Jl a~ f ;l::53 .:JL 

1:£ YA 7:l.:JL Fl¥- •-1t---t- NMP :fP DMF z (a] 0 

25 J-}... ~ ~ 17~ 3 , ~ ~ 17~ 8-12 a~ :ff:1 * it ti%-¾ tt ,if .j,µ , Jc, ;/=JLJj 3fSL ~ 3fSL 1:£.xt 4£ 

~-r-~k,~~•#ft~-Vfi~#ft~~½;t~l1faJ, Jt,~-~~~a~~.~ 

ffi1 i?l f7'1 ;J)=.~1f,J < - -=-~1f,J ) EJ ~;$"i?l f7'1 a~ ;t;/=JL~1f,J < - -~1f,J ) ~ ~t~~ 

Jt;J-,,l ~, .:JLttttJ ~ ~~~ ·t:#t, Y11J r)fffJ A a~ .:JL ~ f ;l::53 .:JL;f:£~ -}Ji:i, ;/=1§14~.:JLZ (a] 
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~-f- :t!:J '!1.4 r.t1~ 0 

tA ~ ~ 1f1 3 , 13-14 a1 ;J:f:1 * ~ -tJl;- ¾ ,tt "f 1iP , ~ l!J ill t * ;J:JL~ ti1J ( ~ -=-~ 

ti1J ) a1¾ _;_ 5!t-tt • --r If!. k.a11¾4"5-•t1. ijtii:rffl J~•tjdit~*.$~:k-JJ PM, r.t1~~ l!J 

ill t * ;f=JL~ti1J ( ~-=-~ti1J ) ~ ¾ _;_ , * .t1JJ r -tlt.-ft-~ 1LJJl a11L a1 -f- :t!:J -JLA::t 0 

s tA~~1f1 L ~~1f1 I7-20 ~;J:f:1*~-tJl;-¾tt"f1iP, ~o/-ita1~1LJJl~"fJ,AJ¢-

8~mA-t-~••- ~••X- t••x~. ~"f~~~mA-t-~••ii:r 

~••x~a~••ii:rt••x~, ~~##~~••--rtf!.k-~~*~* 
~ 1¾-$•t1. ijtii:r4~ l1'•t1. ijt 0 

~«~~~A~~~-•~~~~~~~~~~~~~.~~~-~ 

10 o/-ita1{kitii:r te:. ~ a1 •rt ,JL r, "f YA 1l±Ar ~ # ~ 1-t., i}J~YA ai.1c~ 0 

28 HP171430LZ 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 125 of 206

1111111 lllll llll llll llll 11111111111111111111111111111111111111111111 
20180411 

2018103229311 

l!J 1 

HP171430LZ 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 126 of 206

1111111 lllll llll llll llll 11111111111111111111111111111111111111111111 
20180411 

2018103229311 

ru 2 

ru 3 

2 HP171430LZ 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 127 of 206

Docket No.: DHNG001.005AUS July 26, 2018 
Page I of 2 

Please Direct All Correspondence to Customer Number 20995 

DECLARATION TRANSMITTAL 

First Inventor Jianjian Yi 

16/000764 

June 5, 2018 

App. No. 

Filed 

For 

Examiner 

Art Unit 

Conf. No. 

POROUS FILM AND LITHIUM-ION 
BATTERY 

Unassigned 

1725 

2445 

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

Dear Commissioner: 

The above-captioned application was filed without a Declaration and/or Substitute 

Statement. Enclosed for filing in the above-identified application are: 

(X) Declaration(s) for: 

Jianjian Yi 

Xinzhi Zhang 

Zengbin Wei 

Xinghua Tao 
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Dated: July 26, 2018 

28614848 

Respectfully submitted, 

July 26, 2018 
Page 2 of 2 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

By:~ 
Da~ -
Registration No. 71,708 
Registered Practitioner 
Customer No. 20995 
(949) 760-0404 
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:.: ~ ..;. ..... : .. i4. T,,:-s) ...... :L.,.1.:..:.n :s w;_.:,1-1,:-.._.._--. ... ~ RJ ~.:-.:L,.- ~ ... :.,._.t. :~. 
'.'C<'V ,,;,,_,,,c,WM',> ••;'··f: ;•i'°>;,:. ~~-:•_;-,.,•(' .. ''-;:;~ f.._ .... ,:._ ❖ f'~/ 

~~ ... C"'---1 i·'"CP"""'? .. , ..... ,-.,_.::.~,._<??. ,,_~ ..... 
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.A:,.,f))v'<'~ .. J !,._., '""'' ,~,.,,,,,,,, 
U. $, P;:-t0:.:.:· ,~:~,t 7'; ~.:.:'iff:,~~-~ cn·1i::~-s-: U.S. Df:P,<,,,~ Y1',1f:NT 

DECLARATION {37 CFR i .ti3} FOR UTIUTY OR OES!GN APPUCAT!ON LlSiNG AN \ 
APPUCAT!ON DATA SHEET {37 CFR 1.76} ) 

=======·"""'"'"""'"""'~z='""-·~, ~w• • ''"""·==================--·---·- / 
POROUS Flt.f'✓1 AND UTH!UM-!OM BATTERY 

Tn is dec,;;;rattc,n 
·s .3l~.2rt~:..d :v~ 

filect or: June 5, 20H3 

~ her~tJ:l ac~'Ll10\Adedge that any ~;,~~mtut fBise stat~n1Br;t rn;~da fr? thls deciaratton is punl"shab;E: ;;nd&~ iS tJ.S.C;. 100: 
by fine or :rnpr!s~::ru1":{int or net ;nore t!-:an fi·,l~::- (5) ye;-:.::·.s. or tH)th. 

P~1titicr,er/a;j;,,iiG1::nt is r.:.3;utioned to ovoki "Subtr.iUh19 pefS-(Jr1oi ~nf,·:::nYtaHon ~n doctzrner:ts Hied in a patf?nt appHcat!nn !hHS mk~Y 
th~ft t-:}e::3.ona! inforn1aUon stJCh as so-ciaJ sect-::ii.y nwcnbers.: b;:::nk accc: .... ff1t nurnber~. or credtt card numbt:rs. 

(other than a check or credit c:arti authorization fotrn rrrcJ-2038 sDbrr:itte-:~ for pay:nent ptffp()S~:!s) is ni~vt::r n.;~quin~d 
a penttGn or .an ~u:i,r.,Hci:rl:01n. ;f this type of pt~rsDna} ;rrfonn:.:~tton is tn:::hJ~::~~fj ~n docurnG:nts sobrnitted to the 

p"'@oners/E,pt;!i,:at,ts co,nsidet r0-dacting such personal in10nnaiion frcrn thB docufnen!s bBfor~ si,b:-ri,tlinr; th0r·r~ to th9 

I ;~f~~~-tl~:::r~~:;;~,~~r:, ~~~-~u:l:~j:~i!~:~~~~~~::2~~;,~~~;;~i~~,lc~, ::.:!~~:~:~iI(:i::~!~~~~l~ 1~~~:•1:bli:h~ f:ppi:e:alion ls of me 
r~~ferertceci ~n a pubH~~hed app;~~~~tion or ari t;sued p;:H0ni (se::~ 37 C~R 1. Cher)t~3 =::nd credit card m.1i:h•'.:<n2:a·t,on forrns 
PTCl<:?03B t;ut:•rnittr:::d for :payri-E~r:t pt.H·p.f_)S.€:s ~~rf~ not n::t;E;~ned :n the appncanon fp~ H:'d .}r:~~.nfor~ n•-.p r~0t pu}"•:~ .... ;y ,:::---:..:~-:~t)j-•:... 

Nott>: An ;,,,:;pii,:c;iticn 
b•s:0:-i pr-,wi(,u$l'y 

p-. ◊~3- •C ·;, ti,! $D,-<~ j~;;_ ~) --· , .. 
H)·',E' ·j,·..-. "'r z-v;,n•<-;:e'{" •"-v¢, fn-~-n ·y:---Jl .. y s,,f)>,<)'S'l:)n, 

O~:::.·~,..:t~~n1B>";:: f;,f C,:;~ .... t;-:f.!:"(.::<;!. P.D. !:::<..~X 

1. ~ i ❖ =~-d i. ;4 _ Th~~~ c-,.i:~.;;.:~3Gf; ;,;:~.-f~~:;-i.:;~;:-<J ~n ~.?.:k.~- 1 
····•,:;/,!>::; ·."·•·:') ;.·.-0 --:~·tf<··•uh· -c.,.. .. -.:--_ !'~Y 

s<;nt ;,:, H"t:' Ct,~rd :~::fr..:na:;5!!,:K~ Offi~x::r lLS. 
;,:1:,1'.J. ,,:.s.n DC NG"f SEND f'EES (j~~ C0:;5:PL::'TE.Ci fGBl'-}3 ·r C.· 
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/ .. , DECLARAT!ON (37 CFR 1 J53} FOR UTiLffY OR DESIGN APPUCAT!ON USING AN 

\~~=-=-=-=;========A=P=P=L=i=C=A=T=~o= .. =N=O=-A=T=A=·=S=H=E=~E=T=·={3=7=C=~=F=R=1=,7=·s=,========~~-
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T!He ,yf 
fnvm,utm 

POROUS FlLM AND LlTHlUf,A-lON BATTERY 

This d~?:·::.h:ifath:)n 
;-:_., ~_;;. G'-. .... :;:;-(~ tO, 

r~i tJn:ttz,:} S~a;tt::B ;~ppHcahc-n or· ~(:T }nlt~nE?.tkln;":ii I:~pp::GHfrr)n nurnbe-r ~~k~~~~(0()(}764 

fn!~d •:)n June I)t 20-18 
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! {c,ther thfH1 ft tJf c:~~dii: cHr-d autr~DtlzaUon fonn PT()-2.038 sutm1itt,~d fc-r pa~:/r!H:;r:t purpost;:;>) is n~ver required by the lJSPTO 

inventGr: Jianjiaf) 't..-i 

Siqn«tur<ci: Y1,. ___ J {~}J'\J t.ftA 

N-ots~ As; appfr:::a-Uon data she!;!-t (PTCi/SBf14 

i-f this t:lP~ of pers~::nai infonn.atJcr: h; i::c!ud(::d ~n dDcurner.ts sut:mittoO to ihe liSPTO: 
jn:'or:11aUon frcrn tt1ss docurnents b€fo::-~::: su:bm,irting. H1ern to the 

of a patent appiicat~on fs ava.nabj~ to tne put-tc after publication cf t~~H? 
cGmri,;,c,,n,::e V•iith 37 t~FR ls rrt:1de in tt:e f,p,:,:1,::;_""j:io;,) or issuanc€· of 8. 

a,,,ail,'.lD,e t:.- t.¾e pub-he ff th~ ap;:,l,Gat,on i~~ 

Ch$Cks and crecht car~'i sutt1,xl:rn'ti0:t; ~()rrns 
i'<PP!,cation t':ie a:""!d there.-f~)re are n~;t pLlbHc::;.r av~Habh:E:-, 

been p~l:!V~o:.is:!tf:}ed_ Us-::: Bn BddHior:al PTCi-/faJ/~JC': f:.;nn 
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DECLARATION (37 CFR 'i .6.3) FOR UT!UTY OR DESmN APPUCATlON US~NG AN ~ 
APPUCAT~ON DATA SHEET {37 CFR '1,76} J 

,-..::::::===;,;=====~~~=•":,::;,_~-=:-~ ,_, -------- - ----~-::::c.--""-""'-=-=-="=--=--=---=~--->>>:;..=-===========-""-:;:::·-aa.-"""=-=-.:::j:. ...... 

I Tith-~ of POROUS FlU\,1-~\ND UTHlllf,1H(}N BATTERY 
! lnvtmtion 
i 
f 

i hereby ~=1ckno~v:enge that 
by fine or frnpri·-3;onrrent (;f 

-..~IHfuf i'f1~se stat&rn.snt rnade ~n -th~3 dec:arat~on ~s. pun{shab!e under 18 Li.SJ> 10Gi 
fiP:)fB th:3f: f:ve {5} )..-ears; er t.::oth, 

inforrnat:on ;n dccutnBnts Hied h1 a pat~r:t appiicaiion that n--:a,y 
as social rv .. ,.u11befs .. bank acco:.;nt nurnbers: or cr~.:-dii card rHJn:b-t:~fS 

if this type of persona} :n~orrnstjon ~s 
consider re-dacnng such personal fnforrr::;;t~cH; fro-fn the doc:..wnHnts befor-c~ ~,,;,.,,;'"""\J 

F'ertitirt:r:er/a,)pli,~,~nt is advised that 1:~:e rac:::rd of~?. p;3Jent BppHcaf!on ~$ ava:tabk-: to the pubHe an:~,.- pt.101,c,,,tic;n 

~ ~~~!ir~~,u~:,~~'.;;.~~~r:.i~~~;~ .. ~~~~;~~:;~~~1 1!;~~~;,~~,~~~~~T!ianrn wi,h ;,:~:l:o be :$ m~;'~'.2 ~'.:3"'', 
ref.:~rt:!nced ~r. ;:) pubUs.hod appfo::<3tkH1 c•r a:: :ssnE:cd (s~::~ :17 (:.FR 1. i.~hi;ckS: a~d cr0dit c&rd 
PT0·2038 s:..:brr:~ltE;d for p;:;yrnent purpos~:}~ t~rH ap,p,icai,on fite znd th-erefote are nc ... t pub:~~Y" avaHabie~ 

LEGAL NAME OF INVENTOR 

I I Nc::te· AJi a:;::pHC!&f.:on d.8ta s.h,e!3t ,.,.,.,._,.,,,,,2 -"'·' ihe .f!t1?!:e k';!.---enth:-e ~-~nritf. n~us.t a(A..;;.'";t·n;.":~~n\•' thts h::.,rm or must h~•,{e 
~nver;Jnr. hi:-en p~-~ii"JUS!:{ fH~d. Us~ ~f': PTC,U.i!A/0i 

b~- th:~ L,: SPT O ~~~· 

{, ,ny·( ~r .. ·:\:.::,,~,Y:~~, 
Gh:-e< >i5::.L_z.<c=1. ,:y··c:.c:-.. • ·.s. 

SE:NU ;:::.:Es OR COM?LETE.:D Fnsn.~s "f0 
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Espacenet 

Pore-forming ceramic isolating membrane of lithium ion battery and preparation 
method thereof 

lnventor{s}: GAO XUEYOU :!: (GAO XUEYOU, ; ;~~:&:) 

Applicant( s}: SHENZHEN TAIBAI TECHNOLOGY CO LTD= (SHENZHEN 
TAIBAI TECHNOLOGY CO., LTD, ; ;*±Jll$~sf4t~~µ&~t=-u) 

Classification: 

Application 
number: 

- international: 
- cooperative: 
CN20131391112 20130830 

Priority number CN20131391112 20130830 
(s}: 

Also published CN103474602 (8) 
as: 

Abstract of CN103474602 (A) 

H01M2/16 

Global Dossier 

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 tt1e electrolyte in the battery and increasing 
hardness of the battery. rv1eanwhile, 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:i/worldwide.espacenet.com/publicationDetails/bibiio?CC>CN&NR 0"103474602A&K. .. 7/16/2018 
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The utility model 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 model are tt1at: 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. 
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Electronic Acknowledgement Receipt 
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Application Number: 16000764 

International Application Number: 
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Title of Invention: POROUS FILM AND LITHIUM-ION BATTERY 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 20995 
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Filer Authorized By: David Michael Dremann 

Attorney Docket Number: DHNG001.005AUS 
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Filing Date: 05-JUN-2018 
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Application Type: Utility under 35 USC 111 (a) 

Payment information: 
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National Stage of an International AQQlication 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 AQQlication 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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Docket No.: DHNG001.005AUS 

INFORMATION DISCLOSURE STATEMENT 

First Inventor : Jianjian Yi 

App. No. 16/000764 

Filed June 5, 2018 

For POROUS FILM AND LITHIUM-ION 
BATTERY 

Examiner 

Art Unit 

Conf. No. 

Unassigned 

1726 

2445 

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

References and Listing 

Customer No. 20995 

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is 

provided herewith. Copies of any listed foreign and non-patent literature references are being 

submitted. Any foreign references may also include English abstract(s) and/or machine 

translation(s), but no representation is made as to their accuracy. 

If the Examiner would like additional information regarding these references or if 

anything is unclear, the Examiner is invited to contact the undersigned for assistance. 

No Disclaimers 

To the extent that anything in the Information Disclosure Statement or the listed 

references could be construed as a disclaimer of any subject matter supported by the present 

application, Applicant hereby rescinds and retracts such disclaimer. 

Timing of Disclosure 

This Information Disclosure Statement is being filed within three months of the filing 

date or date of national phase entry, with an RCE or before receipt of a First Office Action after 

an RCE, and no fee is believed to be required. 
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Application No.: 16/000764 
Filing Date: June 5, 2018 

The Commissioner is hereby authorized to charge any additional fees which may be 

required, or credit any overpayment, to Account No. 11-1410. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

Dated: July 16, 2018 By:~ 
Davi~-
Registration No. 71,708 
Registered Practitioner 
Customer No. 20995 
(949) 760-0404 

28676449 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/000,764 

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 300 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 460 = 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 1720 

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 FILING OR 3 71 (C) DATE 

16/000,764 06/05/2018 

20995 

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 DHNG001.005AUS 
CONFIRMATION NO. 2445 

INFORMAL NOTICE 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 11111111111111111 lllll ll]~!l]!U~l!~!~l!IH!!~lll lllll lllll lllll llll 1111 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Date Mailed: 06/29/2018 

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): 
Jianjian Yi 
Xinzhi Zhang 
Zengbin Wei 
Xinghua Tao 

/hteffera/ 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D 

16/000,764 06/05/2018 1726 

20995 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

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 

DHNG001.005AUS 20 2 
CONFIRMATION NO. 2445 

FILING RECEIPT 

1111111111111111111111 m~mll!llll!!H~ 111111111111111 IIII IIII 

Date Mailed: 06/29/2018 

Receipt is acknowledged of this non-provisional 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 APPLICANT, 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 Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections 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 

lnventor(s) 

Applicant(s) 

Jianjian Yi, Ningde, CHINA; 
Xinzhi Zhang, Ningde, CHINA; 
Zengbin Wei, Ningde, CHINA; 
Xinghua Tao, Ningde, CHINA; 

Ningde Amperex Technology Limited, Ningde, CHINA; 

Power of Attorney: None 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

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.) 
CHINA 201810322931.1 04/11/2018 

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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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 06/26/2018 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/000,764 

Projected Publication Date: 10/17/2019 

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 
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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). 

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 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PTO/AIA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

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 contains a valid 0MB control number. 

Attorney Docket Number DHNG001.005AUS 
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 non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !J RMMWl tl 
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 Military Service 

City Ningde, Fujian !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone 

Address 2 

City I Ningde, Fujian I State/Provi nee I 
Postal Code I 352100 I Countryi I CN 

Inventor 2 !] iim~vi Jl 
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 Military Service 

City Ningde, Fujian !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone 

Address 2 

City I Ningde, Fujian I State/Provi nee I 
Postal Code I 352100 I Countryi I CN 

Inventor 3 !J RMMWl tl 
Legal Name 

EFS Web 2.2.12 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 164 of 206

PTO/AIA/14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

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 contains a valid 0MB control number. 

Attorney Docket Number DHNG001.005AUS 
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 

Zengbin Wei 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Ningde, Fujian !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone 

Address 2 

City I Ningde, Fujian I State/Provi nee I 
Postal Code I 352100 I Countryi I CN 

Inventor 4 I i.Mfu~i#: l 
Legal Name 

Prefix Given Name Middle Name Family Name 

Xinghua Tao 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Ningde, Fujian I country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone 

Address 2 

City I Ningde, Fujian I State/Provi nee I 
Postal Code I 352100 I 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). 
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Figure 1 
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Figure 2 
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POROUS FILM AND UTHIUM-ION BATTERY 

TECHNICAL FIELD 

[001] The present application relates to the field of energy storage devices, and in particular, 

to a porous film and a lithium-ion battery. 

BACKGROUND 

[002] Non-aqueous secondary batteries, particularly lithium-ion batteries, are widely used in 

portable electronic devices such as notebook computers, digital cameras, camcor·ders, and 

cellphones due to their high energy density and good rate performance. In recent years, the 

application of lithium-ion batteries as the power supply for new energy vehieles is also promoting 

the development of lithium-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 electrnde so as to improve 

the service life of the lithium-ion battery. 

SUMMARY OF THE APPLICATION 

1003] 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. 

[004] According to a first aspect of the application, a porous film is provided, comprising: a 

binder; and inor·ganic: particles, wherein the porous film contains pores formed by the binder, the 

pores at least comprises a part of the inorganic: particles, and the average wall thickness between 

the pores is in a range of 20 nm to 500 nm. 

[005] In the porous film described above, the porous film has an average pore size of 0.3 µm 

to 20 ~mL 

[006] In the porous film described above, the inorganic partieles have particle sizes such that 

particle size having a volume accumulation of 10% (DvlO) is in a range of 0.015 ~tm to 3 µm, 

particle size having a volume accumulation of 50% (Dv50) is in a r·ange of 0.2 µm to 5 µm, and 

particle size having a volume accumulation of 90% (Dv90) is in a range of 1 µm to 10 µm. Particle 

size having a volume accumulation of 10% (DvlO) 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% (DvS0) 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. 

I00TI In the porous film described above, particle size having a volume accumulation of 10% 

(DvlO) is less than particle size having a volume accumulation of 50% (DvS0), and particle size 

having a volume accumulation of 50% (Dv50) is less than particle size having a volume 

accumulation of 90% (Dv90). 

[008] 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 
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a volume accumulation of 10% (Dvl0) is in a range of 2 to 100. 

[009] In the porous fi!m described above, a pore siz.e distribution coefficient (D) of the pores 

in the porous film is in a range of 1 to S. 

[0010] 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. 

[0011] In the porous film described above, the binder is at least one of polyvinylidene fluoride, 

vinylidene fluot"ide-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, 

polyacrylic acid, polyacrylic acid salt, sodium carboxymethylcellulose, polyvinylpyrrolidone, 

polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

[0012] 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. 

[0013] 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. 

[0014] According to a second aspect of the application, a lithium-ion battery is provided, 

comprising: 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. 

[0015] 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. 

[0016] The porous film provided by the application has excellent adhesion, and meanwhile the 

pore structur·e of the porous film can still be well maintained after· being immer·sed in the 

electrolyte, thereby reducing the probability of pore blockage of the porous film and enabling the 

porous fiim 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 

[0017] Figur·e l 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. 

[0018] Figure 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. 

[0019] Figure 3 is an electronic microscope image (1000 times magnification) of the pore 

structure of the lower surface of the porous film according to comparative example 3. 

DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES 

[0020] 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. 

[002.1] According to a first aspect of the present application, a porous film is provided, 

2 



Zhuhai CosMX Battery Co. - EX1014 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 175 of 206

comprising a binder and inorganic particles of different particle sizes, and the inorganic particles 

ar·e fixed by the binder. Since the porous film comprises the binder, the porous film has good 

adhesion, which can prevent the porous film from detaching during the use of the iithiurn--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 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. 

[0022] 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 particies 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 partides, and the pore structures with large aver·age pore sizes and 

small average wall thickness between the adjacent pores are easily obtained. 

[0023] 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 (DvlO) having a 

volume accumulation of 10% refers to particle sizes which reach 10% of the cumulative volume 

from the side of small par-tide 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 partide size in the granular-ity 

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 
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solution can be increased during the formation of the porous film, and a porous film structure 

with a larger average pore size and smailer· 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 wail 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 smail 

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. 

[0024] In some examples, the inorganic particles have particle sizes such that DvlO is in a 

range of 1.0 µm to 1.6 µm, DvS0 is in a range of 2.0 µm to 2.6 µm, and Dv90 is in a range of 3.0 

µm to 4.0 µm. 

[0025] In the above-described porous film, the particle size distribution of the inorganic 

particles satisfies Dv90iDvlO= 2~100. If Dv90/Dv10 is greater than 100, which will lead to the 

particle size distribution of the inorganic partides being too wide, the uniformity of the formed 

pores is poor, and polarization reactions will easily occur in the lithium-ion battery. 

[0026] 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 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 perfor-mance of the 

lithium--ion battery can be further improved. 

[0027] In the above-described porous fiim, the pore size distribution coefficient D of the pores 

in the porous film is in a range of 1 to 5. RlO represents pore 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 RlO). 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 por·es are less than R90). The por·e size distribution coefficient D is equal to 
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R90/R10. The closer to l the pore size distribution coefficient D is, the more uniform the pore 

sizes in the porous rnm will be, and thus the porous film will have better rate performance and 

cyde performance. 

[0028] In the above-mentioned porous film, the porous fiim has a thickness of 0.2 µm to 10 

µm. If the thickness of the porous fiim is larger, the gas permeability of the porous fiim 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 fiim is reduced, and the porous fiim 

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 fiim 

has a thickness of 1 µm to 3 ~mL 

[0029] 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%. 

[0030] In the above-described porous film, the binder is at least one of polyvinylidene fluoride, 

vinylidene fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, 

polyacry!ic acid, polyacrylic acid salt, sodium carboxymethylcellulose, polyvinylpyrrolidone, 

polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and polyhexafluompropylene. 

[0031] In the above--described porous fi!m, 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. 

[0032] 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, comprising 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 

comprises 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 wal! 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. 

[0033] The above-mentioned substrate may be one of a separator, a positive electrode, and a 

negative electrode. 

[0034] 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 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 
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is coated on the substrate and then immersed in the coagulation solution, since the first solvent 

in the coating solution is extr·acted 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. 

[0035] In the above-described preparation method for the porous film, in step (1), the first 

solvent is at least one of N--methylpyrrolidone ( NMP), dimethylacetamide (DMAC), 

dimethylformamide (DMF), 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 DMF 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 NMP and DMF respectively. 

[0036] In the above-described method for preparing the porous film, the solid content of the 

coating solution in step (1) is in a range of 7% 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 fi!m 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%. 

[0037] 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 25 

degrees Celsius. 

[0038] 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. 

[0039] In the above-described preparation method, the second solvent in step (3) is one or 

more selected from N--methylpyrrolidone (NMP), dimethylacetamide (DMAC), 

dimethylformamide (DMF), 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). 

[0040] 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 ver-y low average pore size and a high wall thickness. In some examples, the mass 
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percentage of the second solvent in the coagulation solution is in a range of 30% to 40%. 

[0041] In the above-descr-ibed 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. 

10042] 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. 

[0043] In the above-descr-ibed method for preparing the porous film, in step (4), the dr-ying 

temperature is in a range of 60 degrees Celsius to 70 degrees Celsius, and the drying period is less 

than 1 min. 

[0044] According to a third aspect of the present application, a separator comprising the 

porous film according to the first aspect of the present application is provided. 

10045] The separator comprises a porous substrate and a porous film. The porous fiim 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. Specificaily, 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. 

[0046] 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 pr-esent application, and which comprise steps of: (1) mixing inor·ganic par-ticles 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 comprises 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. 

[0047] 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. 

[0048] According to a fourth aspect of the present application, an electrode comprising the 

porous film according to the first aspect of the present application is provided. The electrode 

comprises a current collector and an active material layer. The active material layer is arranged on 

the surface of the current col!ec:tor; and the porous film is arranged on the surface of the active 

material layer which is away from the current collector. 

[0049] 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 
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particular limitation on the type of the current collector, and it can be selected as actually 

required. Specifically, the cun·ent collector is at least one of aluminum foil, copper foil, nickel foil, 

titanium foil, siiver foil, nickel-copper alloy foil, aluminum--zirconium alloy foil, stainless steel foil 

and graphene film. 

[0050] 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, comprising 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--methylpyrroiidone) 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 

(eiectrode) 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 coaguiation 

solution for phase transformation, wherein the coagulation solution includes a second soivent 

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 fi!m is not 

less than 0.3 µm. The electrode may be either a positive electrode or a negative electrode. 

[0051] In the method for preparing the eiectrode described above, the parameter setting of 

the preparation process is consistent with that of the preparation process of the porous fi!m 

according to the second aspect of the present application. 

[0052] According to a fifth aspect of the present application, a lithium--ion battery is provided. 

The lithium-ion battery comprises the separator according to the third aspect of the present 

application, or comprises the electrode according to the fourth aspect of the present application, 

or comprises 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. 

[0053] In the above-described lithium-ion battery, the positive electrode comprises a positive 

eiectrode material capable of intercalation and deintercaiation of lithium (Li) (hereinafter 

sometimes referred to as "positive electrode material capable of intercaiation / deintercaiation of 

lithium (Li)"). Examples of the positive electrode materiai capable of intercaiation / 

deintercalation of iithium (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. 

[0054] In the above--mentioned positive electrode material, the chemical formula of lithium 

cobaltate may be expressed as LixCo)Vl100 2.c, wherein M 1 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 care respectively within the following ranges: 0.8:S::x 

:s::1.2, o.sc:-;a~:::::1, 0:S::b:c-:::0.2, -0.1:S::c,;o.2. 
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[0055] In the above-mentioned positive electrode material, the chemical formula of nickel 

cobalt iithium manganate or nickel cobalt lithium aluminate may be expressed as LiyNidM2.eO2 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 siiicon (Si), and the values of y, d, e, and f are respectively 

within the following ranges: 0.8-c.:;y~::; 1.2, 0.3 :Sd 0,S:0.98, 0.02 :::".;e~:=;o. 7, -0.1 :Sf~:=;0.2. 

[0056] In the above-mentioned positive electrode material, the chemical formula of lithium 

manganate is expressed as Li,Mn2.gl\l138O4. 0, 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 h are 

respectively within the following ranges: 0.8 :Sz :::; 1.2, Qc:'";g<l.0, and -0.2 ::Sh :S0.2.. 

[0057] The negative electrode includes a negative electrode material capable of intercalation 

and deintercalation of lithium (Li) (hereinafter, sometimes referred to as "negative electrode 

material capable of intercalation/ deinterc:alation of lithium (Li)"). Examples of the negative 

electrode material capable of interc:alation/deintercalation of lithium (Li) may include a carbon 

material, a metal compound, an oxide, a sulfide, a nitride of lithium such as l.iN3, lithium metal, a 

metal which formed an alloy with lithium, and a polymer material. Examples of carbon materials 

may inc!ude 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 or·ganic: 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. 

[0058] 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 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. 

[0059] In addition, the negative electrode material capable of intercalation /deintercalation of 

lithium (Li) may inc!ude 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 

comprising two or more metal elements, alloys used herein further include alloys comprising one 

or more metal elements and one or more semi-metal elements. The al!oys may be in the 

following forms of solid solutions, eutectic crystals (eutectic: mi>:tur·es), intermetailic compounds, 
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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), gal!ium (Ga), germanium (Ge), arsenic (As), silver (Ag), 

zirconium (Zr), yttrium (Y), and hafnium (Hf). Examples of the above-described ailoys and 

compounds may include a material expressed as a chemical formula: Ma,Mb1Liu and a material 

expressed as a chemical formula: Maplv1cqMd,. In these chemical formulas, Ma 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, and s, t, u, p, q, and r satisfy s>0, t?.?cQ, 

u ?;:Q, p>0, q>0, and r;c:,o, respectively. In addition, an inorganic compound that does not include 

lithium (Li) may be used in the negative electrode, such as MnO2, V2O5, V6On NiS, and MoS. 

[0060] 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 comprises a lithium salt and a non-aqueous solvent. 

[0061] The lithium salt is at least one of l.iPF
6

, LiBF
4

, LiAsF
6

, l.iCIO
4

, LiB(C
6

H
5

)

4

, LiCH
3

SO
3

, 

liCF3SO3, LiN(SO 2CF3h, liC(SO2CF3h, liSiF6, LiBOB, and lithium difluoborate. For example, LiPF6 is 

used as a lithium salt, since it can provide high ionic conductivity and improve cyde performance. 

[0062] The non-aqueous solvent may be a carbonate compound, a carboxylic acid ester 

compound, an ether compound, other organic solvents or combinations thereof. 

[0063] The carbonate compound may be a chain carbonate compound, a cydic carbonate 

compound, a fluorinated carbonate compound or combinations thereof. 

[0064] Examples of chain carbonate compounds include diethyl carbonate (DEC), dimethyl 

carbonate (DMC), dipropyl carbonate (DPC), methylpropyl carbonate (MPC), 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-difl uoroethylene carbonate, 

l, 1,2.,2.-tetrafl uoroethylene cadmnate, 

1, 1,2-trifl uoroethyl ene 

1-fluoro-2.-rnethylethyl 

carbonate, 

carbonate, 

t-fluoro-1-rnethyl-ethylene carbonate, 1,2 .. difluom-1-rnethylethylene carbonate, 

1,1,2-trifluoro-2-methylethyl carbonate, trifluoromethyl ethylene carbonate, and combinations 

thereof. 

10065] 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. 

[0066] 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. 

[0067] 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. 
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[0068] The electrode assembly of the lithium-ion battery to which the porous film of the 

present application is applied includes not only a wound type electrnde assembly, but also a 

laminated (stacked) type electrode assembly and a folded type electrode assembly. 

[0069] 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. 

[0070] In the following examples, reagents, materials, and instruments used are commercially 

available unless otherwise specified. 

[0071] Example 1 

[0072] (1) Preparation of negative electrode 

[0073] 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 electrnde 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. 

[0074] (2) Preparation of positive electrode 

[0075] The positive electrode active material (lithium cobaltate (LiCoOJ), 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 97:1.5:15. 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. 

[0076] (3) Preparation of separator 

[0077] 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 of N-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 DvlO is 0.9 ~mi, Dv50 is 1.8 flm and Dv90 is 3.0 flm. 

[0078] (4) Preparation of electrolyte 

[0079] 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) = 
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8:85:5:2, by mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[0080] (5) Preparation of lithium-ion battery 

[0081] 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. 

10082] Example 2 

[0083] 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 Exam pie 1, except that the solid content of the coating solution is 10%. 

[0084] Example 3 

[0085] In this example, the preparation methods for the negative electrode, the positive 

electrode, the eiectrolyte, and the lithiurn·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%. 

[0086] Example 4 

10087] In this example, the preparation methods for the negative eiectrode, 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%. 

[0088] Example 5 

[0089] 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%. 

[0090] Example 6 

[0091] In this exampie, 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 l, except that the solid content of the coating solution is 15%, 

and dimethylacetamide (DMAC) is selected as the second solvent 

[0092] Example 7 

[0093] In this example, the preparation methods for the negative electrode, the positive 

eiectrode, 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 (Dl\l1F) is selected as the second solvent. 

[0094] Example 8 

10095] 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 pr-eparation 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 0.015 µm, Dv50 

is 0.2 wn and Dv90 is 1.5 wn. 
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[0096] Example 9 

[0097] In this example, the preparation methods for the negative electrode; the positive 

eiectrode, 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 partide size distribution of inorganic particles (boehmite) is that DvlO is 0.2 µm; Dv50 is 

1.0 µm and Dv90 is 2.0 µm. 

[0098] Example 10 

[0099] In this example, the preparation methods for the negative electrode, the positive 

electrode, the eiectrolyte; 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 1.6 µm, Dv50 is 

2.6 µm and Dv90 is 4.6 µm. 

[00100] Example 11 

[00101] In this example, the preparation methods for the negative electrode; the positive 

eiectrode, 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 partide size distribution of inorganic particles (boehmite) is that DvlO is 2.2 µm; Dv50 is 

3.5 µm and Dv90 is 5.8 µm. 

[00102] Example 12 

[00103] In this example, the preparation methods for the negative electrode, the positive 

electrode, the eiectrolyte; 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 3.0 µm, Dv50 is 

5.0 µm and Dv90 is 10.0 ~tm. 

[00104] Example 13 

[00105] In this example, the preparation methods for the negative electrode; the positive 

eiectrode, 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 of N--methylpyrrolidone in the coagulation solution is 20%. 

[00106] Example 14 

[00107] 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 of N-methylpyrrolidone in the coagulation solution is 60%. 

[00108] Example 15 

[00109] 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 pr-eparation method of the separator is the 
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same as that described in Example 1, except that the so!id 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. 

[00110] Example 16 

[00111] 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%, 

magnesium hydroxide is selected as inorganic particles, and the particle size distr"ibution of 

magnesium hydroxide particles is that DvlO is 0.9 ~m1, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[00112] Example 17 

[00113] (1) Preparation of negative electrode 

[00114] 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. 

[00115] (2) Preparation of positive electrode 

[00116] The positive electrode active material (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)L and the conductive agent (conductive c:admn black (Super P)) 

are dissolved in the solvent (N--methylpyrrolidone ( NMP)) 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 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, wherein the mass percentage of N-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: par·ticles (boehmite) is such that DvlO is 0.9 flm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[00117] (3) Preparation of separator 

[00118] A polyethylene porous substrate is used as a separator. 

[00119] (4) Preparation of electrolyte 
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[00120] A solution prepared with lithium salt LiPF-6 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. 

[00121] (5) Preparation of lithium-ion battery 

[00122] 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. 

[00123] Example 18 

[00124] (l) Preparation of negative electrode 

[00125] 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 ( NMPj) 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 (fast 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 then immersed in a coagulation solution containing deionized water 

(third solvent) and N-methylpyrrolidone (second solvent) for phase transformation, wherein the 

mass per·centage of N-methylpyrmlidone 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. 

[00126] (2) Preparation of positive electrode 

100127] 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 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. 

100128] (3) Preparation of separator 

[00129] A polyethylene porous substrate is used as a separator. 

[00130] (4) Preparation of electrolyte 

[00131] 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. 
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[00132] (5) Preparation of lithium-ion battery 

[00133] An electrode assembly is obtained by winding the positive electrode, the separator· and 

the negative electrode, and packaging, injection of the electrolyte, forming, and suction molding 

processes are performed to obtain the lithium-ion battery. 

[00134] Example 19 

100135] (1) Preparation of negative electrode 

[00136] The negative electrode active material (artificial graphite), the binder 

(styrene-butadiene rubberj, and the conductive agent (conductive carbon black (Super P)) are 

mixed uniformly with the solvent (N-rnethylpym,lidone ( 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, then cold pressing, slitting and cutting processes are performed and a negative electrode 

tab is welded to obtain a negative electrode. 

[00137] (2) Preparation of positive electrode 

[00138] 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 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 (fir"st 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 coilector 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 of N-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, 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, DvS0 is 1.8 µm and Dv90 

is 3.0 µm. 

[00139] (3) Preparation of separator 

[00140] Inorganic particles (boehrnite) 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 of N-methylpyrrolidone in the coagulation solution 
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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 fiim 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 DvlO is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

100141] (4) Preparation of electrolyte 

[00142] 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) = 

8:8.5:.5:2, by a mass ratio) at a mass ratio of 8:92 is used as the electrolyte. 

[00143] (5) Preparation of lithium-ion battery 

[00144] 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. 

100145] Example 20 

[00146] (1) Preparation of negative electrode 

[00147] 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 eiectrode 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 soiution 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 of N-methylpyrrolidone in the coagulation solution is 40%, and the coating 

solution and the coagulation solution are both at the temperatur·e of 2.5 degrees Celsius. After 

being immersed in the coaguiation 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 fiim. The particle size distribution of inorganic particles (boehmite) is 

such that DvlO is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[00148] (2) Preparation of positive electrode 

[00149] 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 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, then cold pressing, slitting and cutting processes 

ar·e performed and a positive electrode tab is welded to obtain a positive electrode. 
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[00150] (3) Preparation of separator 

[00151] Inorganic partides (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 of N-methylpyrro!idone in the coagulation solution 

is 40%, and the coating solution and the coagulation solution are both at the temperature of 2.5 

degrees Celsius. After being immersed in the coagulation solution for 30 seconds, the porous 

substrate (polyethylene) with a wet fiim 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 DvlO is 0.9 µm, Dv50 is 1.8 µm and Dv90 is 3.0 µm. 

[00152] (4) Preparation of electrolyte 

[00153] 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. 

[00154] (5) Preparation of lithium-ion battery 

[00155] 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. 

[00156] Comparative example l 

[00157] In this comparative example, the preparation methods for the negative electmde, the 

positive electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding 

preparation methods described in Example 1. 

[00158] The separator is prepared as follows. 

[00159] 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 ~tm and Dv90 is 3.0 ~tm. 

[00160] Comparative example 2 

[00161] 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 descr"ibed in Example 1, except that the solid content of the coating solution is 4%. 

[00162] Comparative example 3 

[00163 I 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 pr-eparation method of the separator is the 

same as that described in Example 1, except that the solid content of the coating solution is 30%. 

[00164] Parameters of Examples 1-20 and comparative examples 1-3 are shown in Table 1 

below. 
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Table 1 

Example 1 

Example 2 

Example 3 

Example 4 

Example 5 

Example 3 

Example 6 

Example 7 

Example 8 

Example 9 

Example 3 

Example 10 

Example 11 

Example 12 

Example 13 

Example 3 

Position of 

porous film 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

Solid 

content 

of the 

coating 

solution 

10% 

20% 

25% 

15% 

15% 

15% 

15% 

15% 

15% 

15% 

Inorganic particle/ µm 

Type Dv10 Dv50 

boehmite 0.9 1.8 

boehmite 0.9 1.8 

boehmite 09 1.8 

boehrnite 0.9 1.8 

boehmite 0.9 18 

boehmite 0.9 18 

boehmite 0.9 1.8 

boehmite 09 1.8 

boehmite 0.015 0.2 

boehrnite 0.2 1.0 

boehrnite 0.9 1.8 

boehmite 1.6 2.6 

boehmite 2.2 3.5 

boehmite 3.0 5.0 

boehmite 0.9 1.8 

boehrnite 0.9 1.8 

19 

Dv90 

3.0 

3.0 

3.0 

3.0 

30 

30 

3.0 

3.0 

1.5 

2.0 

3.0 

4.6 

5.8 

10.0 

3.0 

3.0 

Second 

soivent 

NMP 

NMP 

NMP 

NMP 

NMP 

NMP 

DMAC 

DMF 

NMP 

NMP 

NMP 

NMP 

NMP 

NMP 

NMP 

NMP 

Content of 

second 

solvent in 

coagulation 

solution 

40% 

-10% 

40% 

40% 

40% 

40% 

40% 

40% 

40% 

40% 

40% 

40% 

-10% 

40'% 

40% 
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Exampie 14 

Example 15 

Example 16 

Example 3 

Exampie 17 

Example l8 

Exampie 19 

Comparative 

Example 1 

Comparative 

Example 2. 

Comparative 

Example 3 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

positive 

electrode 

surfaces of 

negative 

electrode 

surfaces of 

separator 

and positive 

electrode 

surfaces of 

separator 

and negative 

electrode 

surfaces of 

separator 

surfaces of 

separator 

surfaces of 

separator 

100165] Performance test 

15% 

15% 

15% 

15% 

15% 

4% 

30% 

boehmite 

alumina 

magnesium 

hydroxide 

boehmite 

boehmite 

boehmite 

boehmite 

boehmite 

boehmite 

boehmite 

boehmite 

0.9 1.8 

0.9 1.8 

09 1.8 

0.9 Us 

0.9 18 

09 1.8 

0.9 1.8 

0.9 1.8 

0.9 1.8 

0.9 18 

0.9 1.8 

3.0 NMP 60% 

3.0 NMP -10% 

3.0 NMP 40% 

3.0 NMP 

30 f\lMP 40% 

3.0 NMP 40% 

3.0 NMP 40% 

3.0 NMP 40% 

3.0 

3.0 f\lMP 40% 

3.0 NMP 40% 

[00166] The performances of the porous fiim and the lithium-ion battery comprising the porous 

film prepared in Examples 1-20 and comparative examples 1-3 are tested, and the test method is 

described as follows. 

[00167] (1) Thickness test of porous film 

[00168] A separator sample or an electrode sample provided with a porous film is placed on a 

thickness gauge (Model Vl.-50 UTEMATIC from Naitutoyo company) using a 5 mm flat bottom 

probe with a speed of 50 mmimin 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 measur·ed value. The thickness of the porous rnm 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 fiim. In a case that there are 

two porous films, the thickness is divided by 2 to obtain the thickness of each porous layer. 
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[00169] (2) Gas permeability test of porous film 

[00170] A 100mm x 1.00mm separator sample provided with a porous film is cut and tested 

using a US Guriey 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 fiim minus the Gurley value of the separator without the porous film 

(i.e., a pure porous substrate). In a case that the eiectrode comprises 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. 

[00171] (3) Porosity test of porous film 

[00172] The iength, 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 Vl of the porous film is obtained through 

caiculation. 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, 

IVlicromeritics 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 equai to 1-V2/Vl. 

[00173] (4) Average pore size test of porous film 

[00174] 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 Ll in the transverse direction and the maximum diameter L2 in the iongitudinal 

direction for each pore in the images ar·e measured, and the pore size of the pore is equal to 

(Ll +L2)/2. Pore sizes of 200 adjacent pores are measured and an average value thereof is taken as 

the average pore size of the porous film. 

[00175] (5) Pore size distribution coefficient test of porous film 

[00176] The area of the porous fiim that needs to be measured is observed using the Model 

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. RlO represents pore 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 RlO). R90 represents pore 

sizes which reach 90% of the cumuiative pore sizes from the side of small pore size in the pore 

size distribution curve (the pore sizes of 90% of the pores are iess than H90). The pore size 

distribution coefficient D is equal to R90/R10. 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 D is, 

the poorer the uniformity of the pore sizes will be. 

[00177] (6) Average wail thickness test between adjacent pores in the porous film 

[00178] 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 wail 

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. 

[00179] (7) Rate performance test of lithium-ion battery 

[00180] At 25 degrees Celsius, the lithium-ion battery is discharged to 3.0 V at a constant 
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current of 0.2 C, rested for 10 minutes, then charged to 4.4 Vat a constant current of 0.7 C, then 

charged to 0.02 C at 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 V at 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. 

[00181] 2 Ci(}.2 Crate performance (%) of the lithium-ion battery is equal to O2/Ql x 100%. 

[00182] (8) Cycle performance test of lithium-ion battery 

[00183] At 25 degrees Celsius, the lithium--ion battery is charged to 4.4 V at a constant current 

of 0.7 C, is then charged to 0.02 C at 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 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. 

[00184] The capacity retention rate (%) of the lithium-ion battery after 200 cycles is equal to 

Q4/Q3 X 100%. 

[00185] Test results 

[00186] 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 

Th:ckness( µm Jl.verage pore distr:but:on wall F:atc~ 

vaiue Porosity 
s;ze( µm) coefficient D thickness 

(s/100cc) 
( nm) 

Exa'T,plel 24 2.4 58% 12 1.5 20 80.50% 8k,7rY/ 

28 2.4 55% 2.1 90 84.20% 91.10% 

32 2.4 53% 2.5 180 87.30% 95.30% 

41 2.4 49% 3.6 3.6 320 83.90% 90.70% 

55 2.4 46% 1.5 4.5 500 79.70% 85.30% 

32 2.4 53¾ 2.5 180 g?.30¾ 95.30% 

35 2.4 52% 4.5 220 1!5.10% 92.30% 

39 2.4 50% 3.7 3.2 300 90.00% 

Examoie8 r.s 2.4 48% 3.0 410 91.50% 

Examoie9 r.o 2.4 50% ,'LO 320 ES.40% 92.10% 

Examoie3 32 2.4 53% 180 95.30% 
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Ex,Jrn; c~ :iJJ 30 3.0 54% 5.5 2.2 160 86.30% 92.40% 

28 4.0 55% 6.9 2.0 100 82.40% 89.80% 

26 8.0 57% 8.9 1.8 70 80.20% 86.50% 

Exam::ile 13 39 2.4 51% 8.1 3.6 so 82.20% 89.30% 

Example} 32 2.4 53% 2.5 180 87.30% 95.30% 

Exam::iie 14 34 2.4 52% 3.5 2.3 300 84.10% 90.20% 

Exam::iie1S 43 2.4 49% 2.5 3.0 80.20% 85.20% 

Exam::iie16 38 2.4 51% 3,1 2.9 230 85.20% 

32 2.4 53% 2.5 1BO g7.30% 95.30% 

Exam::iie17 2.4 53% 2.6 180 86.90% 94.6D% 

Example 13 2.4 53% 5.1 2.6 180 87,20% 94.90% 

2.4 53% tl,9 2.7 180 

Exarnple19 ES.50% 93.50% 

32 2.4 53% 2.5 180 

2.4 53% 5.1 2.6 180 

Example20 85,70% 92.90% 

32 2.4 180 

36 2.4 46% 68.80% 70.10% 

20 2.4 61% 18 1.3 12 73.70% 76.30% 

91 2.4 42% 0.5 5.3 600 72.70% 73.60% 

[00187] As can be seen from the r·elevant 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. 

[00188] 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 for-med 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 2j, it is difficult to form a porous film, and 

the electrochemical performance of the lithium-ion batter-y 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 fiim is too low and the gas 

permeability of the porous film is very poor. Referring to Figure 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 
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the lithium-ion battery. 

[00189] 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. 

[00190] 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 fi!ms are also different The porous film formed with NMP has the largest 

average pore size and the highest porosity, the porous film formed with DIVlF has the smaliest 

average pore size and the lowest porosity, and the porous film formed with DIVlAC has the 

average pore size and a porosity between those of the porous films formed with NMP and DMF 

respectively. 

[00191] 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 por·e is 

increased, and the average wall thickness between adjacent pores is decreased. 

[00192] 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 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 l 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. 

[00193] It should be understood by those skiiled 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 elaimed is 

LA 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, and the average wall thickness between the pores is in a range of 

20 nm to 500 nm. 

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 ciaim 1, 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, and Dv90 is in a 

range of 1 µm to 10 µm. 

4. The porous film according to claim 3, wherein 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. 

5. The porous film according to ciaim 1, wherein the inorganic particles have particle sizes that 

the ratio of Dv90 to DvlO is in a range of 2 to 100. 

6. 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. 

7. The porous film according to claim 1, wherein 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. 

8. The porous fiim according to claim 1, wherein 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 

polyhexafl uoropropylene. 

9. The porous film according to elaim 1, wherein the porous film has a porosity of 20% to 90%, 

and the porous film has a thickness of 0.2 to 10 µm. 

10. 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. 

11. A lithium-ion battery, comprising: 
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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, and the average wall thickness between the pores is in a range of 

20 nm to 500 nm. 

12. The lithium-ion battery according to claim 11, wherein the porous film has an average pore 

size of 0.3 ~m1 to 20 ~mL 

13. The lithium-ion battery according to claim 11, wherein the inorganic particles have particle 

sizes that Dv10 is in a range of 0.015 p.m to 3 wn, DvS0 is in a range of 0.2 flm to S pm, and Dv90 

is in a range of 1 µm to 10 µm. 

14. The lithium-ion battery according to claim 13, wherein DvlO of the inorganic particles is less 

than Dv50 of the inorganic particles, and Dv50 of the inorganic particies is less than Dv90 of the 

inorganic particles. 

15. The lithium-ion battery according to claim 11, wherein the inorganic particles have particle 

sizes that the ratio of Dv90 to DvlO is in a range of 2 to 100. 

16. The lithium-ion battery according to claim 11, wherein a pore size distribution coefficient of 

the pores in the porous film is in a range of 1 to 5. 

17. The lithium-ion battery according to claim 11, wherein 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, 

ca!cium hydroxide, and barium sulfate. 

18. The lithium-ion battery according to claim 11, wherein the binder is at least one of 

polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide, 

polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylic acid salt, sodium 

carboxyrnethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, 

polytetrafluoroethylene and polyhexafluoropropylene. 

19. The lithium-ion battery according to claim 11, wherein the porous film has a porosity of 20% 

to 90%, and the porous film has a thickness of 0.2 to 10 flm, and a volume ratio of the inorganic 

particles to the binder is in a range of 0.2 to 3.0. 
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20. The lithium-ion battery according to daim 11, wherein the porous film is arranged on a 

surface of at least one of the positive electmde, the negative electrode and the separator. 
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ABSTRACT 

The application provides a pomus fiim and a lithium-ion battery. The porous film according to the 

present application has excellent adhesion, and the pore structure of the porous fi!m can stili be 

well maintained after being immersed in the electrolyte, thereby reducing the probability of pore 

blockage of the porous film and ailowing the lithium-ion battery to have high ionic conductivity. 

Therefore, the rate performance of the lithium··ion battery is greatly improved, and the 

lithium-ion battery provided has excellent rate performance and cycle performance. 
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