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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. USp[O.gOV

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/000,764 11/10/2020 10833355 DHNGO001.005AUS 2445
20995 7590 10/21/2020
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET
FOURTEENTH FLOOR

IRVINE, CA 92614

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)

The Patent Term 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 Y1, 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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
Q. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gOV.
APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/000,764 06/05/2018 Jianjian Y1 DHNGO001.005AUS
CONFIRMATION NO. 2445
20995 POA ACCEPTANCE LETTER
KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET

R ACOA AR
FOURTEENTH FLOOR 000000120378299

7829
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.

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.

/dtdinh/
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Doc Code: PA. PTOMIAEZA (07-13)
Document Description: Power of Attorney Approved for use through 01/31/2018. OMB 06510035

U3, Patent and Trademark Gffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1685, no persons are required to respond to a cotlection of information uniess it displays a valid OMB 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/S2ZE) 1o identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/BZA nor form PTO/AIAB2RE identifies the application to which the Power of Attormey is
directed, the Power of Attorney will not be recognized in the application.

Application Number 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). Harrs

Attorney Docket Number | DHNGO01 .005AUS

SIGNATURE of Applicant or Patent Practitioner

Signature /’Xgaayu Wﬁﬁg/ Date {Optional)

Name Xiaoyu Wang Eegiit-’aﬁm 75640
umper

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

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 muliiple forms.

D *Total of forms are submitted.

This 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 which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes io complete, including gathering, preparing, and submitting the completed
application form 1o the USPTC, 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: Commnissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in compieting the form, call 1-800-FPT0-8199 and sefect option 2.
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-5873} 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 o the requirements of the Act, please be advised that: (1) the general
authority for the collection of this information is 35 U.5.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 8. 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 {o the extent allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.8.C. 552a). Records
from this system of records may be disclosed to the Department of Justice {o determine
whether the Fresdom of Information Act requires disciosure of these records.

2. Arecord 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 o opposing counsel in the course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a rouline use, to a Member of
Congress submitling 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. Arecord in this system of records may be disclosed, as a routine use, 1o a coniractor 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 Crganization, pursuant to the Patent Cooperation
Treaty.

8. 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.S5.C. 181) and for review pursuant
to the Atomic Energy Act (42 U.8.C. 218(¢)).

7. Arecord from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or hisfher 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.8.C. 2804 and
2908. 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. Avrecord 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 appiication, an application open to
public inspections or an issued patent.

9. Arecord 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:

DHNGO001.005AUS

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suﬂ;l’;(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000

Zhuhai CosMX Battery Co. - EX1014
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1000
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Electronic Acknowledgement Receipt

EFS ID: 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: 01-0CT-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 - . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
21138
] Post Allowar|1ce Cqmmunlcatlon - Comments_DHNGOO1.pdf no 5
ncomi ng fe8ce23ed4e42ded4df9846a022784cefefc
oda
Warnings:
Information:
198731
2 Issue Fee Payment (PTO-85B) Issue_Fee_DHNGO001.pdf no 1
7e9de3a3353106e4f1854b05ff8d 9cSd40e9)|
Warnings:
Information:
2374199
3 Power of Attorney POA_DHNGO001.pdf no 3
b4896b4bbcabb40443e6d 150621353726
7e825¢c
Warnings:
Information:
30165
4 Fee Worksheet (SB06) fee-info.pdf no 2
5bf3ec5fd8d3b599adf8334f9dbSaf4cc18l
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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.: DHNGO001.005AUS 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

App. No. 1 16/000,764

Filed : June 5, 2018

For :  POROUS FILM AND LITHIUM-ION
BATTERY

Examiner :  Harris, Gary D.

Art Unit 1 1727

Conf. No. 1 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

Zhuhai CosMX Battery Co. - EX1014
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Docket No.: DHNGO001.005AUS 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 By: /Xiaoyu Wang/
Xiaoyu Wang
Registration No. 75,640
Patent Practitioner
(212) 849-3000

33498404

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 12 of 206



PARY B - FEE(S) TRANSMITTAL
Conaplete and send this form, together with applicable fee(s), by mail or fax, or via El

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Vieginia 22313-1450

INSTRUCTIONS: This form should be used for rransmitting tl
fusther co ce incluﬁing the Patent, advance “rmpcndenm EY s
below or directed otherwise in Block 1, by {a) specifying a new correspondence address; and/or (b) indicating a senzv‘atc 'FEE ADDRESS" for maintenance fee not

nsmittal. This certificate cannot be used for any -’ﬂl‘a ac;()mpdnymg
. Each additional paper, such as an assignment or foAm'aJ drawing, must
have its own certificate of mailing or rransmission.

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

20995 7590 08/24/2 Certificate of Mailing or Transmission

KNOBBE MARTENS OLSON & BEAR LLP I hereby certify that this Fee(s) Transmital is beiag deposited with rhe United

States Postal Service with sufficient postage for first class mail in an envelope

2040 MAIN STREET addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
FOURTEENTH FLOOR the USPTO via EFS-Web or by facsimile to (571) 273-2885. on the dare below.
IRVINE, CA 92614 (el o e e
(Signature)
(Date)
E APPLICATION NO. i FILING DATE E FIRGT NAMED INVENTOR I ATTORNEY DOCKET NO. E CONFIRMATION NO. I
16/000,764 06/05/2018 Fianjian Yi DHNGO01.005AUS 2445
TITLE OF INVENTION: POROUS FILM AND LITHIWM-ION BATTERY
E APPLN. TYPE [ ENTITY STATUS i {8SUE FEE DUE E PUBLICATION FEE DUE [ PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE E DATE DUE I
nonprovisional UNDISCOUNTED $1000 30.00 $0.66 31000 1172472020
E EXAMINER a ART UNIT ASS-SURCLASS ]
HARRIS, GARY D 1727 429-209000
I. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CER 1.363). (1) The names of up to 3 registered aromneys ;
or agents OR. alternatively, : 1 Knobbe, Martens, Olson

4 Change of correspondence addvew {or Change of Correspondence
Address form PTO/SB/

(2) The namme of a single firm {having as a member a & Bear, LLP
d atiorney or agent) and the names of up to 2 ’

o . e . stered patent attorneys or agents. I no name is
ation (or "Fee Address” Indication form PO/ d, no name will be printed. .
re recent) attached. Use of a Customer 3

[} "Pee Address” indi
SB/47; Rev 03-0% or ¢
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TC BE FRINTED ON THE PATENT {print or type}

&)

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

e document must have been previously
g an assigniment.

(A} NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Ningde Amperex Technology Limited Ningde, Fujian, China
Please check the appropriate assignee caregory or categortes (will not be printed on the patent) [ Individual K1 Corporation or other private group eatity [ Government
4a. Fees submitted: Hssue Fee [dpublication Fee (if required; [ dAdvance Order - # of Copies
4b. Method of Payme first reapply any previously paid fee shown above}
FS-Web L. Baclosed check L& Nop-electronic payment by credit card {Attach form PTO-2038)

23 The Divector is hereby authorized to charge the required tee(s), any deficiency, or credit any overpayment to Deposit Account No. 11-1410

5. Change in Entity Status (from stamas ix ed ahove)

(see forms PTO/SB/15A and 15B), issue
2 the risk of application abandow
if the a.r)phmnon was prt‘nm-\l\l 1-ndcr micro entity starus, checking this box will be take)
10 be a notification of loss of entitle {0 micro entity status.

hecking this box will be taken to be a notification of loss of entitlement to small or micro
status, a5 applicable.

NQGTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.

4 Applicant certifying micro entity status. See 37 CFR 1.29

See 37 CFR 1.27

L Applicant asserting smail entity stat

L4 Applicant changing to reguiar undiscounted fee statns.

! for signature requirements and certifications.

Authorized Signature /Xiaoyu Wang/ Date 2020-10-01
Xiaoyu Wang 75640

Registration No.

Typed or printed name

Page 20f3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMRB 0651-0033 .S, Patent and Trademark Oftice; U.S. DEPARTMENT GF COMMERCE
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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. USpLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
20995 7590 08/24/2020
KNOBBE MARTENS OLSON & BEAR LLP HARRIS, GARY D
2040 MAIN STREET
FOURTEENTH FLOOR | ART UNIT PAPER NUMBER |
IRVINE, CA 92614 1727
DATE MAILED: 08/24/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/000,764 06/05/2018 Jianjian Yi DHNGO001.005AUS 2445

TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. 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.
Page 1 of 3
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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 By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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.
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.

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

20995 7590 08/24/2020 Certificate of Mailing or Transmission
KNOBBE MARTENS OLSON & BEAR LLP 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
2040 MAIN STREET addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
FOURTEENTH FLOOR the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
IRVINE CA 92614 (Typed or printed name)|
(Signature)
(Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/000,764 06/05/2018 Jianjian Yi DHNGO001.005AUS 2445
TITLE OF INVENTION: POROUS FILM AND LITHIUM-ION BATTERY
I APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 11/24/2020

| EXAMINER | ART UNIT | CLASS-SUBCLASS I
HARRIS, GARY D 1727 429-209000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

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

(] "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.

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

w

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

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

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

4a. Fees submitted: [Missue Fee [_IpPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

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

(] 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)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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 Date
Typed or printed name Registration No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. USpLo.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/000,764 06/05/2018 Jianjian Yi DHNGO001.005AUS 2445
20995 7500 08/24/2020 | EXAMINER |
KNOBBE MARTENS OLSON & BEAR LLP HARRIS, GARY D
2040 MAIN STREET
FOURTEENTH FLOOR | ARTUNIT PAPERNUMBER |

IRVINE, CA 92614

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 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(1) 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.

PTOL-85 (Rev. 02/11)

Page 3 of 3
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OMB 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 OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Arecord 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. Arecord 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, arecord
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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Application No. Applicant(s)
] . 16/000,764 Yietal.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
GARY D HARRIS 1727 Yes

-- The MAILING DATE 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.[¥} This communication is responsive to remarks and amendment filed on 07/22/2020.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2.[J 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. 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.} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAll b) (J Some  *c) (J None of the:
1. M Certified copies of the priority documents have been received.
2. [ 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.[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O 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.(J 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)

1.00 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

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

3.0J Examiner's Comment Regarding Requirement for Deposit 7. Other .

of Biological Material .
4.0 Interview Summary (PTO-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 Page 2
Art Unit: 1727

Notice of Pre-AIA or AIA Status

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

04/10/2020.

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).

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
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Application/Control Number: 16/000,764 Page 3
Art Unit: 1727

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 mustbe 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.

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
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Application/Control Number: 16/000,764 Page 4
Art Unit: 1727

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

Zhuhai CosMX Battery Co. - EX1014
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢000764 Vietal
H “ ““H Examiner Art Unit
GARY D HARRIS 1727
cPC
Symbol Type Version
HO1M 0525 F 20130101
HO1M 623 | 2013-01-01
HO1M 164 | 2013:01-01
HO1M 583 | 20130101
HO1M 661 | 2013-01:-01
HO1M 145 | 201301-01
HO1M 028 A 2013-01-01
HO1M 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 . . -
Primary Examiner, Art Unit 1727 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office Part of Paper No.: 20200817
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/000,764 Yietal.
Examiner Art Unit
GARY D HARRIS 1727

INTERNATIONAL CLASSIFICATION

CLAIMED

HO1M

NON-CLAIMED

US ORIGINAL CLASSIFICATION

Primary Examiner, Art Unit 1727
(Primary Examiner)

CLASS SUBCLASS
429 209
CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 7
/GARY D HARRIS/ 17 August 2020

O.G. Print Claim(s) | O.G. Print Figure
(Date) 1 2

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

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/000,764 Yietal.
Examiner Art Unit
GARY D HARRIS 1727

(O Claims renumbered in the same order as presented by applicant [J CPA (3 T.D. [J R.1.47

Primary Examiner, Art Unit 1727
(Primary Examiner)

CLAIMS
Final |Original|Final |Original|Final |Original|Final |Original|Final |OriginallFinal |Original|Final |Original|Final |oOriginal

1 1 7 10 - 19

2 2 - 1 - 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

(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
Search Noles 16/000.764 Yietal
ONTRIOARIAR (2=
GARY D HARRIS 1727
CPC - Searched*
Symbol Date Examiner
(HO1M10/0525 HO1M2/145 HO1M4/661 HO1M4/583 HO1M2/164 gh
HO01M4/623 H01M2004/027 HO1M2004/028 or HO1M2/166 HO1M2/ 04/17/2020
1646 HO1M2/1653 H01M2/16 HO1M2/1606).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
HO1M 10/0525 4/623 2/164 4/583 4/661 2/145 2004/028

2004/027 2/1653 2/1646 21166 2/1606 2/16 08/17/2020 gh
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
# Operator Stamp
L12 1,602, 014 "11" and (binder, ponV|nyI|dene adj ' US- PGPUB OR ON 2020/08/17;
! fluoride, vinylidene adj . USPAT; 14:30 :

fluoride$ 1hexafluoropropylene adj  USOCR; i ;

- 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)

S22 - (US-1234567-$ | US-28676403-$).DID. US-PGPUB; OR ‘ON - 2020/04/17:

o USPAT; g 110:13 :
- USOCR; é é

. FPRS; EPO;

- JPO; :

. DERWENT;

. IBM_TDB

S35 ((AI-1234567-$ | CN-103474602-$|  US-PGPUB; OR ON  2020/04/17
L | CN-205004376-$ | JP-1234567-$).DID.  USPAT; : 10:14
g USOCR;

. FPRS; EPO;

- JPO; '
- DERWENT;
IBM_TDB

'S4 2 "16000764" _US-PGPUB; OR ON 2020/04/17

L : USPAT; 110:21 :
USOCR; é

_FPRS; EPO;

IPO;

 DERWENT;

IBM_TDB

iS5 119,457 porous with inorganic with particle us- PGPUB iOR ‘ON :2020/04/17:
2 :  USPAT; ’ 111:20 :
: USOCR; 'I v
. FPRS; EPO;
- JPO;
 DERWENT;
:IBM_TDB

SG _67;912 ”E'(poroﬁs:, pores poroS@) W|th”b'|nder US-PGF"UB; OR ON 2020/04/17
- USPAT; 111:20
: USOCR; : f :

_FPRS; EPO;
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IBM_TDB |

:S7 :119,978  (porous, pores, porosity) with - US-PGPUB; - OR ‘ON -2020/04/17 -
o - (nanometer, nm) . USPAT; : (11:21 :
USOCR; :
_FPRS; EPO;
JPO;
- DERWENT;
' IBM_TDB

S8 137,888 (porous, pores, porosity) with size with: US-PGPUB; : OR ON 2020/04/17:
(micro, micron, microf1meter _USPAT; 11:23 |
| L mu.m") “USOCR; | |
- FPRS; EPO;
- JPO;
DERWENT;
‘IBM_TDB

'S9 5,978 S5and S6 ' US-PGPUB; OR ON  2020/04/17
P - USPAT; : 11:24 :
USOCR; : .
FPRS; EPO;
JPG;
. DERWENT;
. IBM_TDB

'S10:7,350  S6andS7 - US-PGPUB; ' OR ON  2020/04/17:
- USPAT; 11:24
USOCR; f f

- FPRS; EPO;

- JPO; j

- DERWENT;

IBM_TDB

S11:19,936 S7andS8 - US-PGPUB; OR ‘ON £2020/04/17:
- USPAT; 11:25 :
‘USOCR; : :
. FPRS; EPO; .
- JPO;
' DERWENT;
'IBM_TDB

'S12 1,316  S9andS10 US-PGPUB; 'ON 2020/04/17
USPAT; 111:25
USOCR; : :
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'S13:2,183  S10andSi1 US-PGPUB;  OR ON 2020/04/17
g _USPAT; : 11:25 :
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S12andS13

- (HO1M10/0525 or HO1M2/145 or
:HO1M4/661 or HO1M4/583 or
:HO01M2/164 or HO1M4/623 or
-H01M2004/027 or HO1M2004/028 or
- HO1M2/166 or HO1M2/1646 or
"HO1M2/1653 or HO1M2/16 or
‘HO1M2/1606).cpc.

1429/209.ccls.

515516

'S14and S17

- S18 and (alumina, silica, magnesia,

“titanium adj oxide, hafnium adj
dioxide, tin adj oxide, cerium adj

dioxide, nickel adj oxide, zirconia)

'S18and (magnesium adj hydroxide,
- calcium adj hydroxide, barium adj
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Dear Commissioner:
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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 36 of 206



Application No.: 16/000764
Filing Date: 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 Dv10 is in a range of

0.015 ym to 3 um, Dv50 is in a range of 0.2 um to 5 um, Dv90 is in a range of 1 um to 10 um;

Dv10 is less than Dv50, and Dv50 is less than Dv90; and the ratio of Dv90 to Dv10 is in a range

of 2to 100 .

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

pore size of 0.3 um to 20 pm.

3. (Cancelled)

4. (Cancelled)

5. (Cancelled)

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

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 37 of 206



Application No.: 16/000764
Filing Date: June 5, 2018

cocfficient 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
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 um.

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;

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 38 of 206



Application No.: 16/000764
Filing Date: June 5, 2018

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 pm to 20 pm.

13. (Withdrawn) The lithium-ion battery according to claim 11, wherein the inorganic
particles have particle sizes that Dv10 is in a range of 0.015 pym to 3 ym, Dv50 is in a range of

0.2 um to 5 um, and Dv90 is in a range of 1 pm to 10 um.

14. (Withdrawn) The lithium-ion battery according to claim 13, wherein Dv10 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 Dv10 is in a range of 2 to 100.

16. (Withdrawn) The lithium-ion battery according to claim 11, wherein a pore size
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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 pm, 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.
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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 1 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
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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 surface 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
500 nm.

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 1 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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pum to 20 um”. 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 um to 20 pm.

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 um 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.
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2. Regarding the Amendments to Claim 1

Claims 3-5 have been incorporated into Claim 1, and amended Claim 1 recites the porous
film including “the inorganic particles have particle sizes that Dv10 is in a range of 0.015 pum to
3 um, Dv50 is in a range of 0.2 pm to 5 um; Dv90 is in a range of 1 um to 10 pm; Dv10 is less
than Dv50, and Dv50 is less than Dv90; the ratio of Dv90 to Dv10 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/Dv10 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.
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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 Dv10 Dv50, Dv90 of the inorganic particles
or the ratio range of Dv90 and Dv10, 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
Dv10, 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 Dv10 and Dv90 could be much

different (as shown in Figure 5).
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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.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: July 22, 2020 By:/Xiaoyu Wang/
Xiaoyu Wang
Registration No. 75,640
Registered Practitioner
(212) 849-3000
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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 patentunless —

(a)(1) the claimed invention was patented, described in a printed publication, orin publicuse,
on sale orotherwise available to the publicbefore 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 maynotbe obtained, notwithstanding thatthe claimed
invention is not identicallydisclosed as setforth in section 102 of this title, if the differences
between the claimed invention and the prior artare such thatthe claimed invention as a whole
would have been obvious before the effective filing date of the claimed inventionto a person
having ordinaryskill in the art to which the claimed invention pertains. Patentability shall not
be negated by the mannerin which the inventionwas 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-AlA 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.

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 61 of 206



Application/Control Number: 16/000,764 Page 5
Art Unit: 1727

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 2to 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 would have been obvious because the technique for improving
a particular class of devices was 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 known technique to improve similar devices,
product or feature in the same way 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
Claims 1-20 were originally filed in the present application, of which claims 11-20 have
been withdraw without prejudice or disclaimer. Consideration and allowance of pending claims

1-10 is respectfully requested.

The Examiner identified two groups for restriction:

L Claims 1-10, drawn to a porous film, classified in HO1M2/145.

IL Claims 11-20, drawn to a lithium-ion battery, classified in HO1M10/0525.
Applicant elects, without traverse, Group I, which includes claims 1-10.
Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: April 10, 2020 By:/Daniel J. Fischer/
Dan Fischer
Registration No. 68,043
Registered Practitioner
(212) 849-3000

32607618

-5-

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

Page 77 of 206



Application No.: 16/000764
Filing Date: June §, 2018

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 pm to 20 ym.

3. (Original) The porous film according to claim 1, wherein the inorganic particles
have particle sizes that Dv10 is in a range of 0.015 pm to 3 um, Dv50 is in a range of 0.2 pm to 5
um, and Dv90 is in a range of 1 pm to 10 um.

4. (Original) The porous film according to claim 3, wherein Dv10 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 of Dv90 to Dv10 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,

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 pum.

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, 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 um to 20 yum.

13.  (Withdrawn) The lithium-ion battery according to claim 11, wherein the
inorganic particles have particle sizes that Dv10 is in a range of 0.015 pm to 3 um, Dv50 isin a
range of 0.2 um to 5 um, and Dv90 is in a range of 1 um to 10 pum.

14. (Withdrawn) The lithium-ion battery according to claim 13, wherein Dv10 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 Dv10 is in a range of 2 to 100.
3-
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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,

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 pum, 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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Office Action Summary Examiner ArtUnit | AIA (FITF) Status
GARY D HARRIS 1727 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 8/7/2018.
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(J This action is FINAL. 2b) [v) This action is non-final.
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4)(O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.
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5a) Of the above claim(s) _____is/are withdrawn from consideration.

6) (J Claim(s)____is/are allowed.

7) O Claim(s) ____is/are rejected.

8) (O Claim(s) ____is/are objected to.

9) Claim(s) 1-20 are subject to restriction and/or election requirement
* If any claims have been determined allowable, 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.

Application Papers
10)(O The specification is objected to by the Examiner.
11)(J The drawing(s) filed on _____is/are: a)(J accepted or b){J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)O Some** ¢)d 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)).

** See the attached detailed Office action for a list of the certified copies not received.
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) ) Paper No(s)/Mail Date 20200210
2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) .
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Notice of Pre-AIA or AIA Status
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:
l. Claims 1-10, drawn to a porous film, classified in HO1M2/145.
Il. Claims 11-20, drawn to a lithium-ion battery, classified in HO1M10/0525.
The inventions are independent or distinct, each from the other because:
Inventions | and Il 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:

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

e The inventions have acquired a separate status in the art due to their
recognized divergent subject matter.
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o 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-AlA 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
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

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 91 of 206



Application No. Applicant(s)

. - . 16/000,764 Yietal.
Examiner-iInitiated Interview Summary
Examiner Art Unit AlA (FITF) Status
GARY D HARRIS 1727 Yes

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  [J Video Conference
O Personal [copy given to: (J applicant (J applicant's representative]

Exhibit shown or demonstration conducted: (JYes O No.
If Yes, brief description:

Issues Discussed (3101 O112 0102 [$O103 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
(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.

O 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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CONFIRMATION NO. 2445
20995 PUBLICATION NOTICE
KNOBBE MARTENS OLSON & BEAR LLP
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IRVINE, CA 92614

Title:POROUS FILM AND LITHIUM-ION BATTERY

Publication No.US-2019-0319300-A1
Publication Date:10/17/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
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RiTE, AEEAKREHEREESAHE (BB E ) ; (3) FRHFRHE
A S R E L, MR (4) A IR A AR K R AR S E
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H . Frif AR KBRS AR EARAR A 5T AR RARAR A
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(Al) . 1 (B) . 4K (Ti) . 4L (V) . % (Cr) . 4k (Fe) . 49 (Cu) .

4% (Zn) . 48 (Mo) . 4 (Sn) . 45 (Ca) . 48 (Sr) . 45 (W) . & (Zr)
Ak (Si) P EY—F, y.do e AN ELTFTEEARN: 0.8<y<1.2.
03<d<0.98. 0.02<e<0.7. -0.1<f<0.2;

LR BRI, SERAZGILF XA Li,Mn, M3,0,,, HE+ M3 &
Tk B4 (Co) . 4% (Ni) . 48 (Mg) . 43 (Al) . 1 (B) . 4k (Ti) .
(V). 4% (Cr). 4% (Fe). 4 (Cu). 4 (Zn) . 48 (Mo) . % (Sn) .
45 (Ca) . 48 (Sr) 44 (W) ¥ 2V —FF, z. gH h 155 EATL
Bl i: 08<z<12. 0<g<1.0#-02<h<0.2.

RABAR K G IR B A BEARAZ (Li) 4 AR (TP, A abAk

A CHEMBRO/FEARAT Li 69 AARAALY ) . BRI/ AAE (Li) 89 AR
ARG F 5T vA LIERR AT AT, A B ES Y. R, B . 4269 Rk
4o LiN3. 424885, S48 —8B RS 6 E /B RS MM H. B A4
FA L LIERG BB, B 6 B ubsr. A6 E. RAGE. a4
PRARIR . BB RRBE . MRBE . BR . WIBR . AAIELS WIS MR IR,
R A EME, L, BRTUAGEDFREE. ARERF BB AR,
A WA o4 e b A 38 09 238 i 38 4 098 8 T IR IR &4 M A de
SR PR 2R ek A I AR B AL R AT 6 A A, X B AP RE 6 — 2k 5 R,
16 B BACB R H 5 B BACEY AR . RS A 6] F T L 38 R T e fe Jovtt
%,

FEREBBAM/FEAAE (Li) 69X & AARMAF, it —Fu, #FALY
FaX W, 3R TAR A B 69 B Au 30 d, b R GG A4, X B h AR AT
ol ol B R ARMK, RILME G BEH 5 E R A, T, RAMEAMH
ST FEHAT AL, B AL AW B EA 6 stk M A A g T AL,
B, TUFFBEFHOBIEBFEEUBR KRG AR EST., LETULES
%, ﬁﬁ!]’l‘z?ﬂxé’\ﬂ: KRG F LA G0 T B E.

esh, BB TROM/AEAAL (Li) 69 AT L QI L 4225 . 4%
%@(h)*i%&éé%é%m%%+éﬁm%,b%kﬁ%miﬁé
Al o) F . F A, Fe M Fem A pt—RE R, B EXFIFLFP,
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TURFRFOBIRFHEABRSZREEFAL., BT QERFRE ZAEFH T
Feoyoe b, kE&HMQéi@%@@ﬂﬁ&%yﬁA%m%%f
RHEZHFEBAEGEELE. ZELETALTUATREBEKR. EHHK
(G dhIRAW). & LS YR EREY . £ EBTLEFRFELETENUTT
VARLIEA) (Sn) . 45 (Pb) . 43 (Al) . 48 (In) . £ (Si) . 4 (Zn) .
2 (Sb) . 4 (Bi). 4 (Cd) . 4 (Mg) . M (B). 4% (Ga) . 4 (Ge) .
A (As) . 4% (Ag) . # (Zr) . 42 (Y) #F=4 (Hf) . L& & FE
M) 69 ) F 5T A 8L 3E A AL X : MaMblLi, &9 4 #FF= B F 1 5 X :
Ma,Mc,Md, #9 A4, X sk X, Ma &K T4 542 —RH Rt 4s
B FE X e BAETHEY —AAE; Mb RTHRAES Ma X594 & T
Fh¥e/BAETFTHE S —FALE, Mc R THSBAFTTHE S —FAE;
Md & T~ Ma ZS5heg & B u i faF 2 B AE o2 —FTE; i st
u. p. qFriH L s>0. 0. u>0. p>0. q>0 A= r>0. o}, TALE A
FAE A R EFEAE (Li) 89 LAutks4, #l4e MnO,. V,0s. VcO;3. NiS F=
MoS.

LA R TR QHECR, WA T ARG AR . B S
ﬁ%%m&¢% —Fr R S AT, AR 6L FE4T 3 A AE KA.

7 3k 6456 A LiPFs. LiBF,. LiAsF4. LiClO,. LiB(C¢Hs)s~ LiCH;SO;.
LiCF3SO;. LiN(SO,CF;),. LiC(SO,CF;);. LiSiFs. LiBOB #= — #4642 42 F
g —F RS AP, Blhe, 42258 F LiPF,, B ACTAL H S0 E T 5955
REIRAF .

AEJKIEF T A B BR BRAL &4 . RBABEAL &40 . BELSH . HE A IR
F R e 69284~

R BR B A A4 7T A AR R AR BR B AL &4 . FROR B BR BR AL &4 . AR PR
B &4 S H- 4R 4.

4k IR B BR BE AL B4 04 52 ) A BRBR — s (DEC ) . B BR — ¥ 85 ( DMC ) .
BRI — R B (DPC) . B ¥ AfE (MPC) . B LA B (EPC) . R
T ZES( MEC ) A& 204, T i SRR B BR BE A &4 69 52 5] h B BR & LB ( EC ).
BRI AES (PC) . BB IETE (BC) . BB WK LA (VEC) A H

)
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4G, FTik AR EK BR BR L6~ 64 52 49) A B PR # K I B8 (FEC) . A% R 1,2-
ZR T TE . ARBR 1 1-—H LB, RER 1,12-Z R B LA, ARER 1,1,22-
WAL LB, ARER 1-A-2-F AT B, BRKBR 1-#A-1-F A LBs. BRBR 1,2-
ZR--THE T A, AR 1I2-Z/A-2-FEA T LE. KB =ZAFHL T TE
B o Htn A,

HKREREEIL e ZHH LR TE. LR B, LRIERBE. LBRRT
B, AR TE. ARCEF. y-TABE. XAE. KA. ¥ERLKRAG.
TN ES. FERWAS A LA,

BkfLG by FHBIAH T B, v BF —WE . —H B WE. 1,2-= F &
ROk, 12-ZCRA LK. TERAFTERA LK. 2-FAWR%RH. WA
A A,

HECHIEA G EZH A ZF AR 1,2-—RKRIR R T A F AR TR
1,3-= 9 3 -2-ckod hr Bl . N-F 2L -2-vbe& 28R . FlulE., — F 4L ¥Hkie.
LR . AEBR = WBS. AEBR = CBS. BEBR = F By, FoBEBRms R Hm 4,

¥ ARPFWZILEEF TAES TRl eg A R IEERA, &
VAR &R GEAR)A Fedf &AL,

T gy, H—FHERKYFH, L HEM, XL IR T
P AR IH T ARA TIRAEIRKFIFGLE. EXEHAFATH4EE Tk
AR LA B R e L, A2 AR W I R FR T b,

FE T E ] P, PTAE A B 69X F] . A A BAL B e A A ARG DL,
¥) =T B M IRATF

FHH 1

(1) FAMARK 64 &

¥ RAAF IS B FELEH T REI. 552 % 2 (Super
P) &R 92:3:5 5% B T KRG F R AMEA, 5 AREHHY
QRBEGHMERKRFGEHERAE L, REESSTTRT, BRAKBRE
MAMAE, REHATARE. 4. BRA . BEABMRT, FRAHBMEA.

(2) EARM K 64 &

B E WA HAEBR4Z (LiCo0,) . #4# BimATH (PVDF) . §
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W H 5w % 2 (Super P) #/H &k 97:1.5:1.5 &E-TF&EA N-F i ohe& kbR
(NMP) ¥, 3E#H ¥ 9 RERLIM, REFEMEMY G RAA£EMRE
AAREBBENIERAA A& L, XEHE 85CTFRT, F3EMFHEMFE,
ZEgidb )R, ok BRA. FEIEBRE, FREHRMEA.

(3) I'a &R e+ &

Y AL B 5 A5 45 7 B lm AL T 3R 1.2 Rb, REm
N N-F IR e boBR (5 —Eh ) R OB, FRRA R, L FRARY
B &&Hh 7%; RARFERAEFRARRA T ZLEM (RKTH) £,
RIBPE, AR ZILEM (ROUH) BARSHEB T K (FZE
F) ) A= N-F Z ek 5 86 ( NMP, $ 08 %) ) 695k Bl i b st474R4810, H 9,
BB R P N-F oo b BR (5 —EH ) 89 EB 02 FH 40%, HRA RS
BERGBREI A 25°C; EABERT 30s 5, AN T 60°CEMF TR
T, FEFAH SR RER., L, AN BEL G, ZE5H: DvIo
% 0.9um, Dv50 2 1.8um F= Dv90 2 3.0pum.

(4) &Rk H &

442 3 LiPFg 5 3F KA AL F) (B BR THi s (EC) 18 B2 — . Bg ( DEC) :
BT LB (EMC) (8 B2 I LM e (VC ) =8:85:5:2, JR &b ) &/ &1k 8:
92 B4 f AR 04 R AE ) AR R

(5) 428 F db69 4] &

FEMMA . FaBEAR ABBA ARG, FRamatt, g8t
FHE. EADLMR. AR BARE, FIEE TR,

LB 2

EiZFEwRF, AHEMBA. EBRBAE. FR. 425 FT ey &5
ER L FHS) 1 TR AR N GRS H EARR] . 8B IR 6 H) & ik e Kk
Bl 1 F AT H S FE—K, RRXILET, AHRGEESEH 10%.

FHp 3

EiZFEwpF, RMBA. EBBAE . R, 425 T8 ueg4 &5
EH G EHE) 1 FATRARE R &S EARR . 8B IR e F & ke
Bl 1 F TR B EFTE—K, FRZILET, RARGEESEH 15%.
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LB 4

EiZFEwRF, AHEMBA. EBBAE. ER. 425 TS0y &5
EHE LA 1 FATEARE GRS S AR . 8B IR & T ke Lk
Bl 1 PR MHEF ik —K, RERAZXRET, AHFERGELSEH 20%.

FHH 5

EiZFEwpF, AMBA. EBBAE. R, 425 T8 ueg4 &5
E¥ G EEB 1 PR AR R G T EARE . 8B R F S T ke Kk
B 1 FRTE R & FiE—, TRZLET, AHFRGEESEH 25%.

E B 6

EiZFEwaplF, AMBA. EBBAE. R, 425 T 904 &5
E¥ 5 EkG) 1 P RTIRGGAR L GG R & R AR . T8 B B e H & ik e Rk
Bl 1 FRRARMHE T FE K, TRILET, RHARGELSSH 15%,
Bk W Bl (DMAC) 44 % — 57,

FHp 7

FEiZFERLF, ABBEA. EBREA . BBR. 425 F a6 &5
EHE EHA) 1 P AT AAR GRS F AR . T8 B I & T ke Rk
Bl 1 FRHIAMHEF E—K, TRZILET, RAERYEELSEH 15%, I
Hik4E =P FBLE (DMF) 44 % &7,

L5 8

FEZFEHRBIF, AMEMAE . EBMEA . SR, 428 Faeys &
HE¥ L EES) 1 FATE AR GG & EARR] . T8 B IR ey H & ke 5k
Bl 1 PR RMEE T x—K, REZRET, AHFEROEESEH 15%,
H AWML G B #2425 A : Dv10 % 0.015um, DvS0 % 0.2pm, Dv90
2 1.5pm.

FHAH] 9

EiZEwRAF, ABRMBA. ERMBHAE. WER. 425 T 9oy s &5
R332k 1 P PTG AR L 698 & kAR R . T8 B B B & ik e Sk
Bl 1 PRI BEFE—K, TRZXILET, RAZRYEELSEH 15%,
H AAE N $h48 B 694242 5 . Dv10 4 0.2um, Dv50 4 1.0um, Dv90 %
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2.0um.,

LB 10

FEZFEHBIF, RMBMAE. EMMEA . SR, 428 Fabeys &
EH G EEA 1 PR AR H G T IEARRE . 8B R F S ke Kk
Bl 1 PRI RMEE T x—K, REZXRET, AHFROEESEH 15%, H
H AR AL Gh48 B 694242 57 . Dv10 4 1.6pm, Dv50 2 2.6um, DvOO 4
4.6um,

ExA 11

HIZEwRAP, ABEMBAE. EBRBA. R, 425 T8l H &5
E¥ G EEA) 1 PR AARE R G T EARE . (8BRS & T ke Kk
Bl 1 FRTRGH G T iE—K, REZXRET, AHERGEASEZH 15%,
H AAE L $h48 B 69 #2425 . Dv10 25 22pum, Dv50 34 3.5um A= DvOO 2
5.8um.,

FHH 12

FEiZEHAF, REMEAE. EBB A, BERER, 4258 F 966 &5
R TG 1 P AR GGAR 6 H & R AR . 8B A R & ke Lk
Bl 1 FRHIAMHEF E—K, TRZILET, RAERYEELSEH 15%, I
H A AL 36 694242 4F : Dv10 2 3.0um, Dv50 24 5.0um F= Dv9O0
10.0pm.

LB 13

EiZFEwF, AHEBA. EBBAE. FR. 425 TS0y 6 &5
ER G FS) 1 TR N 6B S H EARR . 8B IR 6 H) & ik e K
@1*%%%%%ﬁ%aﬁ TRZAET, BARGEESEH 15%, 5

S E T N-F R LA RER 245 FH 20%.

E B 14

EiZFEwpF, RMBA. EBBAE . R, 425 T8 ueg4 &5
E¥ G EEA 1 PR GARE R G T IEARE . 8B R F S T ke Kk
Bl 1 PR EFT E—K, TRZLET, RARYEELEH 15%,
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BB &P N-F Ao IRy i &8 54 F 4 60%.

FHH 15

FEZFEHkAF, AHMMAA. EMARA . SR, 425 Faied &
¥ S 1 PR AR L R & R AR . T8 B IR ey B & ke Kk
Bl 1 PR EF E—K, FTRZXILET, RHAZRYEELEH 15%,
i f] B AL 4e1E ) AL, A48 AL 69 #2424 : Dv10 24 0.9um, Dv50
% 1.8um #= Dv90 3 3.0um.

EHkH 16

BEIZEHwRAP, RBRMBAE. EMBH. R, 425 FRbeyE &7
E¥ G EEA) 1 PR AARE R G T EARE . (8BRS & T ke Kk
Bl 1 FRTRGH G T iE—K, REZXRET, AHERGEASEZH 15%,
Hik A R B A R A, BALEE BTG Z oA DvI0o % 09um,
Dv50 3% 1.8um #= Dv90 4 3.0um.

F B 17
(1) R K 695 &
B RABE AR AL E . R R TR FRA 5w KL (Super

P) # /&b 92:3:5 5 X B F KRS QH) R ABEH, B4 7 MEAHY
HQRBEAMERKRBGHERTE L, REE 8T TRTH R AMEM
MAE, REBJATEIE. 545, RA . FEABRBRT, BB ABMEA.

(2) EMMHK 66 &

B E MM FHAEBRAZ (LiCo0,) . ¥4 A R mATH (PVDF) . §
WA % 2 (Super P) #/A & 97:1.5:1.5 E-TF&EA N-F i ohe& kx bR
(NMP) ¥, 3E#H¥ 9 RERFA, REFEMEHMY G RAAE£EMRE
AR EYIERAA R E@ L, XEAE 85CTFIRT BB EME HAMFE;
¥ AN S48 5 #5457 PVDF 3k At 1.2 R4, REA N-FHiL
e BR (A ) R OB, FERAR R, ¥, AhRGEESE
A 15%, KRR B FFRARER TIREA EBREWMHEERE
FARE, HAREBE, ZBRANBIESAEZBTAK (FHZEH) A N-F ek
YR (5 ) e9Ek B R P EATARSEAL, H P, BER Y N-F gk
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BRI REB 05 EH 40%, BARABERGIRAINH 25C; BABRER
¥ 30s &, HEABMET 0CEMHTHT, 252348 E. 4%, A &
BEEMMBIE, F2HH SLEGERMBEA . P, RABEDEE G EZ
. Dv10 2 09um, Dv50 2 1.8um #= Dv90 24 3.0um.

(3) I'a &R e+ &

R TH: % LA A T B I

(4) W R R 6w &

W42 3 LiPFg 5 AE KA AR H) (#EBR T B ( EC) (BB — ZBg ( DEC ) :
BRER P LB (EMC ) BB I L dig (VC) =8:85:5:2, &tk ) &=/ Eb 8:
92 B4 AR 0 IR AR ) B AR R

(5) 428 T 8ibegd &

FIEMIEA . RBBREAR AR A A5G, FRamast, x5l
FHE. EADMR. AR BARRE, FI4LE T 8L,

E B 18
(1) AMMHA eG4 &
B RABE AR AL E . R R TR FRA 5w KL (Super

P) 3&/f & 92:3:5 HiaA] N-F Aeate& kil (NMP) R4-39 4 &, i
B ZBEHFRAMEMH D REEABRERRR GG ERTE L, K5 £ 85T
TIRETF B R AARE A E, A 45 5 ¥4 7] PVDF &4k 42
PUfE 1.2 R4, AREImA N-F koot in (% —EH ) 13 a8tk %£3)
R, BEFRFRGEESETH 15%, RAZFRF EIFRF REHA TFX
BEAAMERMHEYARERKR L, BREE, XEEAINSHEELET
K(FZEF ) A N-FArbe&nin (5 a7 ) 6958 B g F /7484510,
Hd, BE&RF N-FEEIENG R ZE 5082 Hh 40%, BAH RFEHE R
WiRE ) A 25°C; mAEE R YT 30s /5, AR T 0CEHTRT, X
BRI E. & BRA. FEABMKRIF, JFRGHEBRAE. £+, LI
¥ ShHE B B9 AR A Dv10 % 0.9um, Dv50 % 1.8um #= Dv90 % 3.0pum.

(2) EARM K GH &

B E WA HAEBR4Z (LiCo0,) . #4# BimATH (PVDF) . §
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W H 5w % 2 (Super P) #/H &k 97:1.5:1.5 &E-TF&EA N-F i ohe& kbR
(NMP) ¥, 3E#H ¥ 9 RERLIM, REFEMEMY G RAA£EMRE
AAREBBENIERAA A& L, XEHE 85CTFRT, F3EMFHEMFE,
ZEgidb )R, ok BRA. FEIEBRE, FHEHEMEA.

(3) I'a &R e+ &

R TH: % LA A T B I

(4) W R R 6w &

W42 3 LiPFg 5 AE KA AR H) (#EBR T B ( EC) (BB — ZBg ( DEC ) :
BRER P LB (EMC ) BB I L dig (VC) =8:85:5:2, &tk ) &=/ Eb 8:
92 B4 AR 0 IR AR ) B AR R

(5) 428 T 8ibegd &

BFEBMEA . BBBEAR QBB BE, FREMHEMH, X BE2L
FHE. EADMR. AR BARRE, FI4LE T 8L,

E B 19
(1) AMMHA eG4 &
B RABE AR AL E . R R TR FRA 5w KL (Super

P) 3&/f & 92:3:5 HiaA] N-F Aeate& kil (NMP) R4-39 4 &, i
B ZBEHFRAMEMH D REEABRERRR GG ERTE L, K5 £ 85T
TRTH R RAREFEMAE, REJATEIE., 405, BA . FERAEMRF,
133 FARA K.

(2) EMMEK 696 &

J§ EARE A A BRAE (LiCo0,) « #54H Kim A T (PVDF) . §
W, 7] 5, % 2 (Super P)3&/F &b 97:1.5:1.5 & F N-F o2& 4% 87 ( NMP )
¥, B O B REM A, R IEAR KA 9 R A AR LR AR 4R
IER WA EE@ E, ZEHE8CTRT, FIEMEMEMHE; & LM
¥ hHF G 5 Ah 45 7] PVDF 3R FRELAE 1.2 B4, ARJE AN N-F 3k et e& ot BR)
(F—EH ) F¥H OB, FRRAR, ¥, RHAERGELSEHN 15%,
K BRI R A R TR BEA EARE MM E 6 B R RAAR L,
HREIE, ZIEENBNEH EBTK (HZEHN) A N-FEabegbuif (%
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FRWAH ZIVEGEBMEA . P, LB PEE GFESH: DvI0 A
0.9um, Dv50 24 1.8um #= Dv90 2 3.0pum.

(3) & &R eG4 &

Y AL $h 4 5 55 #5457 PVDF sk Akl 1.2 A&, ARG A N-
VA eE LB (F—ER ) SFH OB, FRARH R, LAFPEARGE S
BH 15%; RARTERFFRARER T Z3LEM (KTH) £, B
BAE HAR B S ILEM (RLH ) ZARESHE XE TR (F=ZEH)
B N-Y e b BR (5 ) ) e sk B Rk dEATARAEL, Hob, BRERT
N-F ot eS b BR 69 /R Z 8 582 A 40%, R ik A5t B iR 698 B ¥ 2 25°C;
ENBEERYF 30s B, EARAET 0CEHFTRT, FAFAH ZILENTS
BIE., L F, RABALHBE 6944254 : Dv10 % 0.9um, Dv50 4 1.8um
#F= Dv90 2 3.0um.

(4) R4 &

542 3 LiPFg 5 3E KA AL F) (B BR THr s (EC ) 8 B2 — g ( DEC) :
BT B8 (EMC) (3 B2 b THiBig (VC ) =8:85:5:2, JR &b ) & /M 1k 8:
92 B4 da AR, 09 R AE A AR R

(5) 428 F au69 4] &

FEMIEE . BERARABRMA ARG, FHemast, e85l
#HE . EAGREE. AR, @mARAE, FR4EE TRk,

&5 20

(1) FMM K 645 &

¥ RARFE AL B FEH TRBIR. FRA] 58K EZ (Super
P) 3%/FF 1 92:3:5 5 F] N-F L&kl (NMP) 843 4 4, A 3
L ZEHAMEHHORELEABERBRREGERTE L, RS /£ 85T
TR, BRABRZEEMAE, EAARAE B E 5 H45 5] PVDF 3R
FUfE 1.2 R4, ARBEmA N-FHebe&lin (5% —EH ) 3 96k, 53]
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R, BEFRFRGELS TN 15%, RAZFRF FEIGFRF REA TFX
BEA AMEHEMAEG AREARAAR L, BREBE, ZEEANINSHEET
KO(FZEF ) A N-FAabe&buin (5 ZEH ) 695t B & /7484540,
Ho, BE&RF N-FEEITERG R 8 082 Hh 40%, RAH RF5E R
GIRE I A 25°C; BABERYP 30s /5, HEARE T 0CEHTRT, =
JEAatA R, HE . BA . BEABME, FRPH SR AEES .
HE, B A SE L 694242 A Dv10 % 0.9um, Dv50 3 1.8um F= Dv90
2 3.0pm.

(2) EARM K 6% &

o EAE AT F4EBRAZ (LiCo0,) « ¥4 F R mA T (PVDF) . §
WA w2 (Super P) /A& 97:1.5:1.5 BT EA N-F Kook o bR
(NMP) ¥, BHH ORI RELEH, REFEMEHYHRAAEERE
AR HHERMAANRE £, ZEE 8SCTFRT, F3 EMEHEMHE,
ZEnidbE. % BRA. FELEMMEIE, FIEHMMEA.

(3) [ B IEeg %) &

W AR AL $h 4B 5 ¥ 45 7] PVDF 3Rl 1.2 R4, RJEHA N-
Ve BB (5 —IEH ) AP, FRRAR, LFAH ke E S
Bh 15%; RAZRFEREFRERRERT ZILEM (RTH) £, B
SRR, B HIBB ZIEM (BLH ) ZARESHEEETFAK(F=ZEH)
B N-9oeg bl (5 A ) ehstE R b #ir4ads e, H b, sERT
N-F b e B BR 69 R 8 82 4 40%, R ik Ao 5t B iR 69 3 B 3 4 25°C;
BNEEER T 30s B, SEABATF 60°CEMTIETF, FAFH 2 LR
B, 9, RABAESBE K 2ZE S F: DvI10 4 09um, Dv50 % 1.8um
F= Dv90 # 3.0um.

(4) W RER 6w &

¥42 3 LiPFg 5 B KA AL A (B BR M Bs ( EC) (B BR — &8 ( DEC ) :
BB T CEs (EMC) A BR T T dg (VC ) =8:85:5:2, /i &b ) 3= /i &b 8:
92 B4 i A%, 64 IR AR A AR R

(5) 4258 T d ko4&
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B EBMERE. BBEEAR BB ARG, FROBENt, 2581
HE. EAGBR. LK. HEAARE, FR4EETFTEE,

st 1

FEZAF e, R A . EMEKA . BAFR. 425 TR H &5
HE¥ 5 L) 1 AT GG AR 6 R & RARR .

e 3B G4 &4 T

430485 Fe Bl B LI BARARIE 1.2 69 B AR £ B F Kb IRE
¥ REA, FAERAGE A EA 45%, R AMUIRAEF LA
HEARB S ILEAM (RTH) HERMA LT L, FRBKE, BEZEHET
BRiE, FRRBR. L, RABEHEEGFESH: Dvl0 4 09um,
Dv50 4 1.8um #= Dv90 % 3.0um.

2+ P4 2

b, RBEA . EBEA. BAFR. 25 Faeed &5
R L EHS) 1 FATRAR N R & T EARR . 8B IR e H & ke e
B F A6l E& T E—K, FRILET, RARGEESEAH 4%,

st 3

TP, AMAEA . EMMAA . SRR, 425 Tk d &
R FZkG) 1 P AR GGAR R 69 H & R AR . 8B e H & kA Rk
B 1 P RTR R & F ik —K, TRZLET, AHFRGEESEH 30%.

F A5 1-20 VARSI 1-3 89 gk TR 1 AT,

% 1
% 3L . 7k FE &
> - A FABAL/pm - odia
iR A o — q:' 5
g | %8 . Ao | e
s e Dv10 Dv50 | Dv90 g e
=
% 5
) 1 JE & 7% ShHF 4 0.9 1.8 3.0 NMP 40%
ise]
&
FZiep 2 | BEEA 10% ShHF o 0.9 1.8 3.0 NMP 40%
jisa]
364 3 = 15% ShHE G 0.9 1.8 3.0 NMP 40%
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25% 43 5 0.9 1.8 3.0 NMP 40%
15% 4 o 0.9 1.8 3.0 NMP 40%
15% i 0.9 1.8 3.0 DMAC 40%
15% i 0.9 1.8 3.0 DMF 40%
15% ShiE 0.015 02 15 NMP 40%
15% ShH 4 0.2 1.0 2.0 NMP 40%
15% Sh¥E 5 0.9 1.8 3.0 NMP 40%
15% Shi o 1.6 2.6 46 NMP 40%
15% Shi 5 2.2 3.5 58 NMP 40%
15% Shi 5 3.0 5.0 10.0 NMP 40%
15% $h43 5 0.9 1.8 3.0 NMP 20%
15% $h4 4 0.9 1.8 3.0 NMP 40%
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LHp) 14 | BEE 15% 43 5 0.9 1.8 3.0 NMP 60%

L 15 | BEE 15% fab4a 0.9 1.8 3.0 NMP 40%

I

B

Eip 16 | EE 15% Wt 0.9 1.8 3.0 NMP 40%

%
LB 3 | BE 15% ShHE G 0.9 1.8 3.0 NMP 40%

EHP 17 | HA 15% /R 0.9 1.8 3.0 NMP 40%

EHP) 18 | HA 15% /R 0.9 1.8 3.0 NMP 40%

EHH) 19 | F=f3 15% /R 0.9 1.8 3.0 NMP 40%

L) 20 | F=f3 15% /R 0.9 1.8 3.0 NMP 40%

stref 1 | A / i 0.9 1.8 3.0 / /

st 2 | A 4% ShHE G 0.9 1.8 3.0 NMP 40%

strefs 3| JEE 30% ShHE 4 0.9 1.8 3.0 NMP 40%

Pk AR ) 3 -
st A5 1-20 Fexb b s 1-3 PRI &69 B ILEAIEZILEG4AEE T4

23 HP171430LZ

Zhuhai CosMX Battery Co. - EX1014
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
Page 119 of 206



W

10

15

20

25

2018103229311

20180411

Ao 3| BEATHEGE MK, MK A E A T

(1) % 3UBE a4 3 &

WX A % SURR G 13 B AR ob SR B AR B AF SB5% E AE M ZAL ( Naitutoyo 2~
3] 49 VL-50 & LITEMATIC) k£, 4£/ Smm #9-F &RIR Kk, WKATSEREH
50mm/min, /A& A% 0.0IN. HAEKA % LML 69 18 B IRAF 5o K AR A A 5l
60 AN S, BRBEE-FHMEAE AR TG, B IR FE A RFA S LR
0 Ta B IR R AR 0 TR A RN LR TR B RAR S B AR A A S 8
B, SHMELIURR, BEFEBRA2, FREHEEZILURGFA.

(2) % 3UME 643 At AE )X

FHIX 100mm=100mm 4935 F % LR T18 B AR, #IH £ B Gurley
4110N #FH AN RAL, 42 H 100cc 69 M K A AR KX AT K, 1SRN KA
KA AA ZILEN DB R LRTE, B Gurley 1. 3 3LIE#
Gurley 14 4% K % LR T8 B 49 Gurley 1A+ KX H £ 3L 618 B IR
(Bpeh 2 3L AT) 69 Gurley 1A, H 9B A F .45 2 JUERS, & T HRAKRK
G RiE A, BA IR RIS 2 LR 6% A,

(3) % 3URE 64 3LRR Fm) X,

MWEXA ZILE TR B EF LR RYRE. RAEAMREE, X
F AT RT3 % LR 69 B, i FAF 3] B 3L 69 Z AR V. FIH AT
JAL (micromeritics 2~ 3) 49 AccuPyc Il 1340 & Gas Pycnometer ) W|iXiXH
% UM 64 [ B IR A 50 SR AR R AR50 69 A KR AR V20, FRXAR R @ AR 4G R
EA % FURE 64 T8 B AR b AR B AR S 69 A SSARAR VO, T B SULAR 69 A S4k
2 V2=V20-V0, % 3ULRE693LIRFE=1-V2/V1,

(4) % 3URR 64 -F 3 L2 M X

J & E 3K38) 69 Sigma-02-33 A 123 w4t £ LR E 20 & 69 R R IEAT
WEFHRAB R MEE A FEILGEE T HRRKAEZE L FHOEFERK
HAAR L2, Miz3Leg3LsEAh (L1+4L2)/2. W& 200 448 4R 3L 64 LR IR P 3414
Yk % LR 64 P 3 3LAR.

(5) % 3LIR 84 3L42 A A LR

J#£E 353) 69 Sigma-02-33 Alia#s w4t % JUIRE 20 & 69 X Rt 47
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R FRAEE K. NF 200 MABLRILGILE, FRILESF K, R10 &
TEILZESFHEF, M DILEMA. LB B 10%6930L172 (10%49308Y
LR TFZHAMA) , RO AFAEILEZESF AT, MIILEMA. £3] R
#2 90%49 3L12 (90%#9 3L e 3LA2 s T iz 348 ), 3L#E - F & £ D=R90/R10,
Hb DAEE 1, RAILRWGHHHMET, DMK, RAILZRYIHH A
£

(6) % 3UREABAR 3L 18] 64 - 39 BF 2] X,

J#£E 3K 3 49 Sigma-02-33 Az w4tk 2 U E 20 F 69 R Rt 4T
MR FARAB K. ME 200 ANFBARILF 4 FE R AABARILZ ) s BER, IR
P IME S Z SLRARAR L IE) 4 - 3 B R

(7) 423 F & 6943 F M 480 X

FE25CTF, 4B -FTakl 02C BAK®ZE 30V, #F 10min, R/E
vAO07C BR AR E 44V, HFE BV 44V B2E LB E 0.02C, # E 10min,
H—F L 02C BAKLER/EH 3.0V, WBHATGKELEE, iTHh Ql.
RIEVA 07C leRARE 44V, BEAEALEZE 0.02C, #F 10min, ¥4 2C
B EW/EAH 3.0V, NZE a2 F, iTHhH Q2.

42 B T a0 2C/02C A2 AL (%) =Q2/Q1x100%.

(8) 4% B F v, b 4 48 R M 42 ) 3K,

FE25CTF, ¥4AEBFEEL07CEALSE 44V, FA 44V B2/E
W £ 0.02C, # & 10min, ». 1C AKX L £ 3.0V, %%“ﬁ 10min, | fﬁfﬂ?bﬂff
AW B, 18 Q3. VA R S IRAE A —ATEIR A E, 4T 200 R AR,
200 RGN )G 693X 8 A F itk Q4.

BT REMBIR 200 REGEZHRFFE (%) =Q4/Q3%100%.

PUREE= S
A5 1-20 vA BT Eb A 1-3 69 F4E R4 F & 2 .
* 2
% 3Lk A2 Tk
Gurle . FLR 45 . .
£ T3 F3yEE | 42
y 1 f“ fi) LR j; (ﬁi[; B8 }{; (gm) TR g
(s/100 | ¥ =K D M ne
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cc)
LA 1 24 2.4 58% 12 1.5 20 80.50% 86.70%
LA 2 28 2.4 55% 7.8 2.1 90 84.20% 91.10%
L5645 3 32 2.4 53% 5 25 180 87.30% 95.30%
L3154 41 2.4 49%, 36 3.6 320 83.90% 90.70%
LA 5 55 2.4 46% 1.5 45 500 79.70% 85.30%
Z A5 3 32 2.4 53% 5 25 180 87.30% 95.30%
L) 6 35 24 52% 4.5 3 220 85.10% 92.30%
e 7 39 2.4 50% 3.7 32 300 82.90% 90.00%
56,15 45 2.4 48% 3.0 38 410 84.50% 91.50%
SZ 18] 9 40 2.4 50% 4.0 34 320 85.40% 92.10%
E A 3 32 2.4 53% 5 25 180 87.30% 95.30%
45 10 30 3.0 54% 55 22 160 86.30% 92.40%
L4 11 28 4.0 55% 6.9 2.0 100 82.40% 89.80%
31 12 26 8.0 57% 8.9 1.8 70 80.20% 86.50%
L 315) 13 39 2.4 51% 8.1 3.6 50 82.20% 89.30%
L5645 3 32 2.4 53% 5 25 180 87.30% 95.30%
L5 14 34 2.4 52% 35 23 300 84.10% 90.20%
LA 15 43 24 49% 2.5 3.0 240 80.20% 85.20%
EL A5 16 38 2.4 51% 3.1 29 230 85.20% 89.70%
L) 3 32 2.4 53% 5 2.5 180 87.30% 95.30%
e 17 / 24 53% 4.9 2.6 180 86.90% 94.60%
5615 18 / 2.4 53% 5.1 2.6 180 87.20% 94.90%
. / 2.4 53% 4.9 27 180
F 345 19 - 8550% | 93.50%
32 2.4 53% 5 2.5 180
. / 2.4 53% 5.1 2.6 180
2345 20 85.70% 92.90%
32 2.4 53% 5 2.4 180
T Ee ) 1 36 2.4 46% / / / 68.80% 70.10%
st e A 2 20 2.4 61% 18 13 12 73.70% 76.30%
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e 3 91 2.4 42% 0.5 53 600 72.70% 73.60%

I B E 2 PG A AETT AT e, AW R4 S U A
BRGHILEE, 45 F b EFRFeiE R Rt B Eet.

I HeAF) 1-5 Fax Lo A5] 2-3 69 A8 K EAE AT 7T 4, IR A R0 B A E 3 Aw,
AR KEE I G, BERAIEEF (HZIEF ) Fk AR A H LR
) (F—EH ) Rk E R, PTH ARG S UG -F ¥ ILREIK, A84R
LA TR RIS e, ZILBE MG ILIR R EAK, EAMRT E, 2R, F
ARG E AR (Hlhe, Frbd) 2) , B ZIURMEARIE, 425 T8
ey F ML LR T, L34 3692 ILEG-TFHILEER K. ILESH
¥ 4 HARARILZ ) 69T 3 B2 R4 . BARF RV EASELE (#l4e, 2Tk
#3) , M ZILRGILIRF LK, HARMEERE, BEARHE 3 T4, %Il
JE ARG TR LR ey M, ARARILZ M ey F BB K, B E e
PR AL R EZNIC R S S Y

INE A 3 e T AP 15, 16 6948 R EIE AT 40, S A MM AL 89
FABALIT AL B T GG R MBI M R EELHRE., X2HT
Sl MMEE LA 6 AR ALY R B B S HEE R A GGIREF (FH ZIEH )
EBTRKES, ARANTEBTRKEAEALMNBALOY KENZ LR, A
FE AL 69 WL R AR K G 3LeE M, A A T4F3|-F LR K. AB4RIL
Z 8] g P ¥ BE R AN 0 LB

INSEFEA) 3. LA 6 Ao LA T 6948 K EIE AT 4o, LA KRB 6
HAEF (F=mA ), MFAGZILEFILEHELTAE, L+, &
F NMP # s 69 % 3L 64 T3 3L 2R K. ILIRE R &; £ DMF # ) %
FURBE 69 F 3 3L2 R . B RRERAK; 42 H DMAC W . 69 % FUIE 64 -F 35 30
BB ILIE FE AT NMP F= DMF X 4],

T AR 3. K] 8-12 6948 K ELIE AT Fr, TAUHAL GG FL AR X 4R
BT e R A AR AL B EA Fvh, AU GG R AR 3G e, B
Bl M AEEF (FZEF ) SERARANGHIER (F—ER) 6§ kit
B G, LM e LR B, W TR AR e 3L eg-F 3 3L Ao . AR AR FLZ )
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INSE A 1. 3] 17-20 6948 K FLIE AT T 42, AP iF69 5 FUBEBET 2L 2
IRy TFlRa B, EMMAE . AMBRMEA L, LTARNHKRTESES
EMBAARTGEBEF AR A £, RSATHHE AL S F b LA R4F
8 45 F MR G e 4 ZR M AR

RATIRIEAARA R L EE, A EZEFETHIH RSB, EXRTH
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The invention discloses a pore-forming ceramic isolating membrane of a lithium ion
hattery. The pore-forming ceramic isolating membrane comprises an isolating
membrane base material, wherein a porous ceramic coaling is coated on single surface
or deuble surfaces of ihe isolating membrane base material, the porous ceramic
coating is formed by ooating a sizing agent which containg nanometer caramic powder,
a binding agent as well a8 3 pore-forming solvent on the isclating membrans base
material, wherein dosage of the nanometer ceramic powder, the binding agent, a
stabilizing sgent and the pore-forming solvent in the sizing agent is respectively as
follows in parts by weight: 88-93 paris of the nanometer ceramic powder, 4-8.5 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 isclating membrane of the
fithium ion batiery disclosed by the invention, an absorption rate of sleclrolyvie is
improved by improving a ceramic sizing ageni, thereby faciitating transfer of lithium
ions betler, increasing inventory of the electrobvte in the baltery and increasing
hardness of the baltery. Meanwhiie, the problems that the ceramic layer s 2asy {o drop
on the isolating membrane and the coating thickness or the surface density is unsven
are solved by the porous ceramic membrans ceated by the novel sizing agent, and
therefore, the safety performance of the battery is improved,
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Power battery's ceramie isolation membrane module for electric automobiis

inventor{s): ZHOU YONG; LYU JINGSHUANG, GAN FENGJIU + (ZHOU
YONG, ; LYU HNGSHUANG, ; GAN FENGJIU)

Applicant{sh SHENZHEN HONGTAI BATTERY TECH CO LTD + (SHENZHEN
HONGTAI BATTERY TECHNOLOGY CO., LTD)

Classification: - internationai: Ho1M2/16
- gooperative:

Application CN20152792354U 20151013

number:

Priority number CN20152792354U 20151013
{s}:

Abstract of CN20S0D4378 (U}

The utility mode! provides a power batltery's ceramio isolation membranse module for
electric automobile, this power batlery's ceramic isclation membrang module for electric
automobile includes: PP membrane layer, the symmetry sets up two inorganic ceramic
favers of PP membrane iayer both sides, the symmetry seis up the tie coat in two
norganic ceramic layer ouisides, The beneficial effects of the ytility model are that the
stability of the heat of diaphragm is improved, mechanical properties is used for putting
forward unfamiliar high lemperature resistance, security, oycle ife, low self dischargs
nature,
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* |f the difference in column 1 is less than zero, enter "0" 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 ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total v - -
> 7 CFg ?.15(\)) Minus X = OR X
a Independent Minus =
E (37 CFR 1.16(h)) X = OR X
<§( 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 ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Minus = X =
= (37 CFg ?.15(\)) OR |x
% Independent * Minus | *** = X _ OR N
W (37 CFR 1.16(h)) B
E: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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

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

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/000,764 06/05/2018 Jianjian Y1 DHNGO001.005AUS
CONFIRMATION NO. 2445
20995 INFORMAL NOTICE
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET RO A AEA MO
FOURTEENTH FLOOR 000000T00582537

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

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.
/hteffera/
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USpto.gov

APPLICATION I FILING or GRP ART I I I I |
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/000,764 06/05/2018 1726 1880 DHNGO01.005AUS 20
CONFIRMATION NO. 2445
20995 FILING RECEIPT
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET KO ORI A v

FOURTEENTH FLOOR
IRVINE, CA 92614

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

Inventor(s)
Jianjian Yi, Ningde, CHINA;
Xinzhi Zhang, Ningde, CHINA,;
Zengbin Wei, Ningde, CHINA;
Xinghua Tao, Ningde, CHINA;
Applicant(s)
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 (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO 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 AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the 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
page 2 of 4
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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-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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).

SelectUSA

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/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

Attorney Docket Number | DHNGO001.005AUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention PORQUS FILM AND LITHIUM-ION BATTERY

The application data sheet is part of the provisional or nonprovisional 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:

[ 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

Legal Name

Prefix| Given Name Middie Name Family Name Suffix
Jianjian Yi

Residence Information (Select One) (O US Residency  (® Non US Residency () Active US Military Service

City |Ningde, Fujian Country of Residence | CN

Mailing Address of inventor:

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone

Address 2

City Ningde, Fujian ‘ State/Province

Postal Code 352100 | Countryi CN

inventor 2

Legal Name

Prefix| Given Name Middie Name Family Name Suffix
Xinzhi Zhang

Residence Information (Select One) (O US Residency  (® Non US Residency () Active US Military Service

City |Ningde, Fujian Country of Residence ! CN

Mailing Address of Inventor:

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone
Address 2

City Ningde, Fujian ‘ State/Province
Postal Code 352100 | Countryi CN
Inventor 3

Legal Name

EFS Web 2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

. . Attorney Docket Number | DHNGO001.005AUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Prefix| Given Name Middle Name Family Name Suffix|

Zengbin Wei

Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service

City |Ningde, Fujian Country of Residence CN

Mailing Address of Inventor:

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone

Address 2

City Ningde, Fujian ‘ State/Province

Postal Code 352100 | Countryi CN

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix|
Xinghua Tao

Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City |Ningde, Fujian Country of Residence ! CN

Mailing Address of Inventor:

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone
Address 2

City Ningde, Fujian ‘ State/Province
Postal Code ‘ 352100 | Countryi CN

All Inventors Must Be Listed - Additional Inventor Information blocks may be
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).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 20995
Email Address efiling@knobbe.com
EFS Web 2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

Attorney Docket Number | DHNGO001.005AUS

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Application Information:

Title of the Invention POROUS FILM AND LITHIUM-ION BATTERY

Attorney Docket Number| DHNG001.005AUS Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 2 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @® Customer Number l O US Patent Practitioner | O Limited Recognition (37 CFR 11.9)

Customer Number 20995

EFS Web2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

. . Attorney Docket Number | DHNGO001.005AUS
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate

National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)x the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)
2018103229311 CN 2018-04-11
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

Attorney Docket Number | DHNGO001.005AUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
.

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

Attorney Docket Number | DHNGO001.005AUS

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

@ Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Ningde Amperex Technology Limited

Mailing Address Information For Applicant:

Address 1 No. 1, Xingang Road, Zhangwan Town, Jiaocheng Zone

Address 2

City Ningde, Fujian State/Province

Country’ | CN Postal Code 352100
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 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 OMB control number.

Attorney Docket Number | DHNGO001.005AUS

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention POROUS FILM AND LITHIUM-ION BATTERY

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
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POROUS FILM AND LITHIUM-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
portabie electronic devices such a3s notebook computers, digital cameras, camcorders, 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 vehicies 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 probiem of the gap issue between the separator and the electrode so as to improve

the service life of the lithium-ion battery.

SUMBMARY OF THE APPLICATION
1003] in order to solve the probiem in the prior art, a3 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 inorganic particles, wherein the porous film contains pores formed by the binder, the
pores at least comprises a part of the incrganic 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 um
to 20 um.

{006] in the porous film described above, the inorganic particies have particle sizes such that
particle size having a volume accumulation of 10% (Dv10) is in a range of 0.015 pum to 3 um,
particle size having a volume accumulation of 50% (Dv50) is in a range of 0.2 um 10 5 um, and
particle size having a volume accumulation of 90% (Dv80} is in a range of 1 um to 10 um. Particle
size having a volume accumulation of 10% (Dv10} refers to particle sizes which reach 10% of the
cumuiative volume from the side of small particle size in the granularity distribution on a volume
basis. Particle size having a volume accumulation of 50% {Dv50) refers to particle sizes which
reach 50% of the cumulative volume from the side of small particie size in the granularity
distribution on a volume basis. Particle size having a volume accumulation of 90% (DvS0} refers to
particle sizes which reach 30% of the cumuiative voiume from the side of small particie size in the
granularity distribution on a volume basis.

{0071 in the porous film described above, particle size having a volume accumuiation of 10%
{Dv10) 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 80% {(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% (Dve0} to particle size having
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a volume accumuiation of 10% {Dvi0} is in a range of 2 to 100.

{009] in the porous film described above, a pore size distribution coefficient {D} of the pores
in the porous film is in a range of 1 to 5.

{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, voehmite, aluminum hydroxide, magnesium hydroxide, calcium
hydroxide, and barium sulfate.

{0011]  in the porous film described above, the binder is at least one of polyvinyiidene fluoride,
vinylidene fluoride-hexafiuoropropylene copolymer, polyamide, polvacryionitriie, polvacrylate,
polvacrylic acid, polyacrylic acid salt, sodium carboxymethylceliulose, polyvinylpyrroiidone,
polyvinyl ether, polymethyl methacrylate, polytetrafluorcethylene and polyhexafluoropropyiene.
{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 um.

{0013}  in the porous film described above, a volume ratio of the inorganic particles to the
binder is in a range of 0.2 10 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-agusous 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.

i0018]  The porous film provided by the application has exceilent adhesion, and meanwhiie the
pore structure of the porous film can stili be well maintained after being immersed in the
electrolyte, thereby reducing the probability of pore blockage of the porous film and enabling the
porous film to have high ionic conductivity. Therefore, the rate performance of the lithium-ion
battery is greatly improved, and the provided lithium-ion battery has excelient rate performance

and cycle performance.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
{00171  Figure 1 is an electronic microscope image (1000 times magnification} of the pore

structure of the lower surface (namely, the surface of the porous film away from the porous
substrate} of the porous film according to example 3.

[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.

{0018} 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 exampie 3.

DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES
{0020] Exemplary examples will be described in details below. While these exemplary

examples may be impiemented 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.

{00211 According to a first aspect of the present application, a porous film is provided,
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comprising a binder and inorganic particles of different particle sizes, and the inorganic particles
are 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 iithium-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 uniformiy, so that
the porous film has pood 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
exarnple, 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 on 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.

{00221  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,
caicium 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 coaguiating 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 particies, and the pore structures with large average pore sizes and
smail average wall thickness between the adjacent pores are easily obtained,

{0023] The particie sizes of the inorganic particles satisfy that the particle size having a volume
accumulation of 10% {Dv10)} is in a range of 8.015 um to 3 um, the particle size having a volume
accumulation of 50% {Dv50) is in a range of 0.2 umi to 5 pm, and the particle size having 3 volume
accumulation of 90% (Dv90) is in a range of 1 um to 10 um. The particle size (Dv10} having a
volume accumulation of 10% refers to particle sizes which reach 10% of the cumulative volume
from the side of small particle size in the granularity distribution on a volume kasis. The particle
size (D50} 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 {Dv80) having a volume accumuiation of 90% refers to particle sizes which
reach 90% of the cumulative volume from the side of small particle size in the granularity
distribution on a volume basis. For example, the inorganic particles having large particle sizes and
a narrow peak distribution are used, therefore the exchange speed between the non-soivent

{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 smaller average wall thickness between the adjacent pores is

formed. Within this range, if the particle sizes of the inorganic particles become smaller, the

exchange speed between the non-solvent {third solvent} in the coagulation sciution and the
organic solvent {first solvent) in the coating solution is decreased during the formation of the
porous fiim, the development of the pore structure is slower, the average pore size of the formed
pore is decreased, and the average wall thickness between adjacent pores is increased.
Conversely, if the particle sizes of the inorganic particles become larger, the exchange speed
between the non-soivent (third soivent) 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 wali thickness between
adjacent pores is decreased. However, if the particle sizes of the inorganic particles are oo smail
and are beyond this range, the exchange between the non-solvent {third scivent} 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
norous fiim is not uniform, the strength of the porous film is decreased, and the adhesion force of
the porous film is decreased.

{00241  in some exampies, the inorganic particles have particle sizes such that DvlG is in a
range of L.O um to 1.6 pm, D50 is in a range of 2.0 um to 2.6 wm, and Dv90 is in a range of 3.0
wmte 4.0 pm.

{0025]  in the above-described porous film, the particle size distribution of the inorganic
particles satisfies DvO0/Dv10= 2~100. if DvR0/DvI0 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.

[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
um to 20 um. 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 te 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
biocking the pores of the porous film after the porous film is subject to a soaking process in the
electrolyte during the preparation of the lithium-ion battery. Therefore, the pore structure in the
porous film can be maintained, smoothness of the lithium ion transport channel is ensured and
the polarization reaction inside the lithium-ion battery is reduced, the rate performance of the
lithium-ion battery can be further improved.

{00271  in the above-described porous film, the pore size distribution coefficient D of the pores
in the porous film is in a range of 1 to 5. R10 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 R10). RSO reprasents pore sizes which reach 90% of the
cumutlative pore sizes from the side of small pore size in the pore size distribution curve {the pore

sizes of 90% of the pores are less than R90). The pore size distribution coefficient D is equal to
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ROG/R10. The closer to 1 the pore size distribution coefficient D is, the more uniform the pore
sizes in the porous film wili be, and thus the porous film will have better rate performance and
cycie performance.

{0028] in the above-mentionad porous film, the porous film has a thickness of 0.2 um to 10
um, If the thickness of the porous film is larger, the gas permeability of the porous film becomes
deteriorated, and the rate performance of the lithium-ion battery is decreased. If the thickness of
the porous film is smaller, the adhesive force of the porous film is reduced, and the porous film
tends to fall off due to a poor adhesive force when applied in a lithium-ion battery, resulting in
deteriorated safety performance of the lithium-ion tattery. In some examples, the porous film
has a thickness of 1 um to 3 um.

i0029]  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-hexafiuoropropylene copolymer, polyamide, polyacryionitrile, polyacrylate,
polyacrylic acid, polyacrylic acid salt, sodium carboxymethylcellulose, polyvinyipyrrolidone,
polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and polvhexafluoropropyiene.
{0031} in the above-descrived porous film, the volume ratio of the inorganic particles to the
binder in the porous film is in a range of 0.2 to 3.0. If the volume ratio of them is lower than 0.2,
the average pore size of the porous film is reduced, the porosity is decreased, and the rate
performance of the Hthium-ion battery is deteriorated drastically. If the volume ratic of them is
greater than 3.0, the adhesive force of the porous film is reduced. When the porous film is
applied o 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 uniformiy 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 soivent and the third solvent are
miscible with each other; (4} performing a drying process after the phase transformation is
completed, to obtain the substrate whose surface is provided with a porous film, wherein the
average wall thickness between adjacent pores in the porous film is in a range of 20 nm to 500
nm, and the average pore size of the porous film is not less than 0.3 um.

{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 obiained in the step (1)}, the first solvent is oily, and the binder {for
example, polyvinylidene fluoridel may be dissolved in the first solvent. The third solvent
contained in the coagulation solution in step {3} is one or more selectad from deionized water,
ethanol, propanol, acetone, dimethyl carbonate and diethyl carbonate, and the binder is

insaiuble 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 soivent
in the coating solution is extracted into the third solvent {for example, deionized water} in the
coagulation solution, the binder in the coating solution is coagulated and separated out, thus
forming a porous film.

[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),
dimethyiformamide (DMF), triethyl phosphate (TEP), and dimethyi 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 respectivaly.

[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 film cannot meet the
requirement of gas permeability, and the porous film cannot e 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-dascribed 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 roil
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-methyipyrrolidone  {NMP),  dimethylacetamide  (DMAC),
dimethyiformamide (DMF), triethyl phosphate (TEP}, and dimethyi sulfoxide (DMSO). The second
solvent in step {3} may be the same as the first solvent added in step (1)
{00401 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 decreasad, it is advantageous for the increase of the
average pore size and porosity of the porous film. However, if the content of the second solvent is
too low, a dense skin may be formed on the surface of the porous film which is away from the
substrate, resulting in deteriorated gas permeability of the porous film. if the content of the
second solvent is too high, a complete porous structure cannot be formed or the formed porous
film has a very low average pore size and a high wall thickness. In some examples, the mass
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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-described method for preparing the porous film, the temperature of the
coagulation solution in step {3) is in a range of 15 degrees Celsius to 30 degrees Celsius. in some
examples, the temperature of the coagulation solution is in a range of 20 degrees Celsius to 25
degrees Celsius.

i0042]  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 10 90 s. In some examples, the period for phase
transformation isin a range of 20 s to 60 5.

{0043}  In the above-described method for preparing the porous film, in step (4}, the drying
temperature is in a range of 60 degrees Celsius to 70 degrees Celsius, and the drying 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.

{0045] The separator comprises a porous substrate and a porous film. The porous film is
arranged on the surface of the porous substrate. In the above-described separator, there is no
particular limitation on the type of the porous substrate, and it may be selected as actually
required. Specifically, the porous substrate is at least one of poiyethylene film {PE), polypropylene
film (PP}, polyethylene/polypropylene dual-fayer fitm {PE/PP),
polypropylene/polyethyiene/polypropyiene  three-layer film (PP/PE/PP), non-woven fabric,
polyimide, polvacrylonitrile 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 o the third aspect of
the present application, and which comprise steps of: {1} mixing inorganic particles with a binder,
and then adding a first solvent and uniformiy stirring the mixture to ohtain 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 abtain a separator in
which a porous film is arranged on the surface of the porous substrate {for example,
polyethyiene)}, wherein the average wall thickness between adjacent pores in the porous film isin
a range of 20 nm to 500 nm, and the average pore size of the porous film is not less than 0.3 ym.
[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 materiai layer is arranged on
the surface of the current coliector, and the porous film is arranged on the surface of the active
material layer which is away from the current collector.

{00438]  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

~J
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particular limitation on the type of the current collector, and it can be selected as actually
required. Specificaily, the current collector is at least one of aluminum foil, copper foil, nickel foil,
titanium foil, sitver 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 incrganic particles with a binder, and then adding a
first solvent and uniformiy stirring the mixture to obtain a coating solution, wherein the binder is
dissolved in the first solvent; {2) mixing an active material, a conductive agent and a binder,
adding an organic solvent {such as N-methylpyrrolidone} into the mixture, uniformly stirring the
mixture under the action of a vacuum stirrer to obtain an electrode slurry, and uniformly coating
the electrode slurry on the current collector and then drying to form an active material layer
{etectrode} on the current collector; (3) uniformly coating the coating solution on the surface of
the electrode to form a wet film; {4} immersing the electrode with the wet film into a coagulation
solution for phase transformation, wherein the ceagulation solution includes a second solvent
and a third solvent, and the second solvent and the third solvent are miscible with each other; {5)
performing a drying process after the phase transformation to obtain an electrode whose surface
is provided with a porous film, wherein the average wall thickness between adjacent pores in the
porous film is in a range of 20 nm o 500 nm, and the average pore size of the porous filn is not
fess than 0.3 . The electrode may be either a positive electrode or a negative electrode.

[0051]  in the method for preparing the electrode described above, the parameter setting of
the preparation process is consistent with that of the preparation process of the porous film
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
electrode material capable of intercalation and deintercaiation of lithium (L} thereinafter
sometimes referred to as “positive electrode material capable of intercalation / deintercalation of
fithium (Li}"). Examples of the positive electrode material capable of intercalation /[
deintercalation of lithium {Li} may include one or more of lithium cobaltate, nickel cobalt lithium
manganate, nickel cobalt lithium aluminate, lithium manganate, iron manganese lithium
phosphate, lithium vanadium phosphate, lithium oxide vanadium phosphate, lithium iron

phosphate, lithium titanate, and lithium-rich manganese-based materials.

{0054}  In the above-mentioned positive electrode material, the chemical formula of lithium
cobaltate may be expressed as L, Co,M1,0,., wherein M1 represents at least one selacted from
the group consisting of nicke! {Ni}, manganese (Mn}, magnesium (Mg}, aluminum (Al}, boron {8},
titanium (Ti}, vanadium {V}, chromium (Cr), ferrum (Fe), copper {Cul, zinc {Zn}, molybdenum {Mao),
tin {Sn}, calcium (Ca}, strontium (Sr}, tungsten {W), yttrium {Y}, lanthanum (La}, zirconium {Zr},
and silicon (Si), and the values of x, 3, b, and ¢ are respectively within the following ranges: 0.8<x

£1.2,0.8<a<1, 0Sb=<0.2,-0.1<5¢=0.2,
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{0055]  in the above-mentioned positive electrode material, the chemical formula of nickel
okialt lithium manganate or nickel cobalt lithium alurminate may be expressed as Li,NigM2.0,.,
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 (S},
tungsten (W), zirconium (Zr}, and silicon (Si}, and the values of v, d, e, and f are respectively
within the following ranges: 0.8<Xy<51.2, 0.3<d<50.98, 0.02<<e<0.7, -0.1<:f<50.2.

[0056]  In the above-mentioned positive electrode material, the chemical formula of lithium
manganate is expressed as Li,Mn,..M3,04,, 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 (5r}, and tungsten (W), and the values of z, g and h are
respectively within the following ranges: 0.8<251.2, 0<g<1.0, and ~0.2<<h<<0.2.

{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/ deintercalation of lithium {Li}"). Examples of the nepative
electrode material capable of intercalation/deintercatation of lithium (L)) may include a carbon
material, a metal compound, an oxide, a sulfide, a nitride of lithium such as LiN3, lithium metal, a
metal which formed an alloy with lithium, and a polymer material. Exampies of carbon materials
may include low grapghitized carbon, easily graphitized carbon, artificial graghite, natural graphite,
mesocarbon microbeads, soft carbon, hard carbon, pyrolytic carbon, coke, glassy carbon, organic
polymer compound sintered body, carbon fiber and active carbon. Wherein coke may include
pitch coke, needle coke, and petroleum coke. The organic polymer compound sintered body
refers to materials obtained by calcining a polymer material such as a phenol plastic or a furan
resin at a suitable temperature and carbonizing them, and some of these materials are classified
into low graphitized carbon or easily graphitized carbon. Examples of polymeric materiais may
inciude 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 voitages 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
fithium {Li) may inciude elemental lithium metal, metal elements and semi-metal elements
capable of forming an alloy together with lithium (Li}, alloys and compounds including such
elements, efc. In particular, they are used together with the carbon materiai, 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 alloys may be in the

following forms of solid solutions, eutectic crystals (eutectic mixtures), 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), gallium {Ga), germanium (Ge), arsenic {As}, silver {Ag},
zirconium {Zr), yttrium (Y}, and hafnium (Hf}

Examples of the above-described alloys and
compounds may include a material expressed as a chemical formula: MaMbyli, and a material
expressed as a chemical formuda: Ma,McgMd.. In these chemical formutas, 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, Mg 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, 4, p, q, and r satisfy 5>0, t==0,
u==0, p>8, >0, and r==0, respectively. in addition, an inorganic compound that does not include
tithium (L) may be used in the negative electrode, such as Mn,, V,0s, V01, 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 liguid
electrolyte comprises a lithium salt and a non-aqueous solvent.

[0061] The lithium sait is at least one of LiPFs, LiBF,, LiAsFs LICIO, LiB{CgHs)s LICH:SO:,
LICF380s, LIN{SO,CF4)y, LICISO,CFa)s, LiSiFs, LIBOB, and lithium difluckorate. For example, LiPFg is
used as a lithium salt, since it can provide high ionic conductivity and improve cycle performance.
{00621 The non-agqueous 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 cyclic 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 carponate {MPC), ethyl propyl
carbonate {EPC}, methyi 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 Exampies of the
fluorocarbonate compound include fluoroethylene carbonate {FEC), 1,2-difluoroethyiene

carbonate, 1,1-difluoroethyiene carbonate, 1,1,2-trifluoroethylene carbonate,
1,1,2,2-tetrafluoroethylene carbonate, 1-fluoro-2-methylethyl carbonate,
1-fluoro-1-methyl-ethylena carhonate, 1,2-difiucro-1-methylethylene carbonate,

1,1,2-trifluoro-2-methylethyl carbonate, trifluoromethyi ethylene carbonate, and combinations
thereof.

{0065] Examples of carboxylic acid ester compounds indude methyl acetate, ethyl acetate,
n-propyl acetate, tert-butyl acetate, methyl propionate, ethyl propionate, y-butyrolactone,
decanolactone, valerolactone, mevalonolactone, caproiactone, methyl formate, and
combinations thereof.

[0066] Examples of ether compounds include dibutyl ether, tetraethylene glycol dimethy! ether,
diethyiene 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 dimethyi sulfoxide, 1,2-dioxclane, sulfolane,
methyl  sulfolane,  1,3-dimethyi-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 electrode assembly, but aiso a
larninated (stacked) type electrode assembly and a folded type electrode assembly.

{0068] The present application is further described in details with exampies below. It shouid be
understood that these examples are only for iHustrating 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 cos

mercially
available unless otherwise specified.

{0071} Example 1

{0072}  {1)Preparation of negative electrode

[0073] The negative electrode active wmaterial (artificial graphite}, the binder
{styrene-butadiene rubber), and the conductive agent {conductive carbon biack {Super P} } are
mixed uniformly with deionized water at a mass ratio of 92:3:5 to prepare a negative electrode
sturry, then the negative electrode slurry is coated uniformly on front and rear surfaces of the
negative electrode current collector copper foil, then a negative electrode active material layer is
formed by drving 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 (LiCo0,}}, the hinder
{polyvinylidene fluoride (PVDF}) and the conductive agent {conductive carbon black (Super P}) are
dissolved in the solvent {(N-methylpyrrolidone { NMP}) at 3 mass ratio of 87:1.5:1.5. A positive
electrode sturry is prepared by stirring uniformly the mixture, then the positive electrode slurry is
coated uniformily 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 50 as to obtain a positive electrode.
{0076}  {3) Preparation of separater

{00771 Inorganic particles {boehmite} are mixed with the binder {polyvinylidene fluoride} at a
volume ratio of 1.2, and then N-methylpyrrotidone {first solvent} is added and uniformiy 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-methyipyrrolidone { 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 particie size distribution of inorganic
particles (boehmite} is such that Dvi0is 0.9 um, Dv50 is 1.8 pm and DvS0 is 3.0 pm.

{0078] {4} Preparation of electroiyte

[0079] A solution prepared with lithium salt LiPFg and a non-agueous organic solvent (ethylene
carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): vinviene 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.

{00861 (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.

i0082] Example 2

{0083] in this exampie, the preparation methods for the negative electrode, the positive
elecirode, the electrolyte, and the lithium-ion batiery are the same as the corresponding
preparation methods described in Example 1. The preparation method of the separator is the
same as that descrived in Example 1, except that the solid content of the coating solution is 10%.
{0084] Exampie 3

[0085] 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%.
0086]  Example 4

{0087] 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 Exampie 1, except that the solid content of the coating solution is 20%.
{0088] Example5

{D089]  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 Exampie 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 1, except that the solid content of the coating solution is 15%,
and dimethylacetamide {DMAC) is selected as the second solvent.

{0092 Example?7

[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 Exampile 1, except that the solid content of the coating solution is 15%,
and dimethyiformamide {DMF) is selected as the second scivent.

[0094] Example 8

{0085]  in this example, the preparation methods for the negative electrode, the positive
electrode, the elecirolyte, 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 Exampie 1, except that the solid content of the coating solution is 15%,
and the particle size distribution of inorganic particles (boehmite) is that Dv10 is 0.015 um, Dv50
is 0.2 um and Dv90 is 1.5 um.
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{0096] Example 9

{00871  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 Exampie 1, except that the solid content of the coating solution is 15%,
and the particie size distribution of inorganic particles {boehmite)} is that Dv10is 0.2 um, Dv30 is
1.0 pum and Dv80 is 2.0 um.

[0088] Example 10

{00981 in this example, the preparation methods for the negative electrode, the positive
electrode, the electrolyte, and the lithium-ion battery are the same as the corresponding
preparation methods described in Example 1. The preparation method of the separator is the
same as that described in Example 1, except that the solid content of the coating solution is 15%,
and the particle size distribution of inorganic particles (boehmite} is that Dv10 is 1.6 um, Dv50 is
2.6 um and DvB0 is 4.6 um.

(001007 Example 11

001011 iIn 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 soiid content of the coating solution is 15%,
and the particie size distribution of inorganic particles {boehmite) is that Dv10is 2.2 um, Dv50 is
3.5 um and DvO0 is 5.8 um.

001027 Example 12

{00103} 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 particie size distribution of inorganic particles {(boehmite} is that Bv10 is 3.0 um, Dv50 is
5.0 um and Dvo0 is 10.0 pm.

[00104] Example 13

{00105] iIn 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-methyipyrrolidone in the coagulation sclution is 20%.

{00106 Example 14

{00167} 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 descrived in Example 1. The preparation method of the separator is the
same as that described in Exampile 1, except that the solid content of the coating solution is 15%,
and the mass percentage of N-methyipyrrolidone in the coagulation solution is 60%.

{00108] Example 15

{00109} in this example, the preparation methods for the negative electrode, the positive
electrode, the elecirolyte, and the lithium-ion battery are the same as the corresponding
preparation methods descrived in Example 1. The preparation method of the separator is the
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same as that described in Example 1, except that the solid content of the coating solution is 15%,
alumina is selected as inorganic particles, and the particie size distribution of alumina particles is
that Dvi0is 0.9 um, DvB0 is 1.8 um and Dvo0 is 3.0 um.

(001107 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 distribution of
magnesium hydroxide particies is that Dv10 is 0.9 um, DvbG is 1.8 um and Dv8G is 3.0 pm.

{00112} Exampie 17

[00113] (1) Preparation of negative elecirode

{00114} The negative electrode active material (artificial graphite), the binder
{styrene-butadiene rubber}, and the conductive agent {conductive carbon black {Super P}} are
mixed uniformiy 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 coliector copper foil at 85 degrees Celsius, foliowed 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 elecirode active material {lithium cobaltate (LiCo0;)), the binder
{polyvinyvlidene fluoride (PVDF)), and the conductive agent {conductive carbon black (Super P)}
are dissoived in the solvent (N-methylpyrrolidone { NMP)) at a mass ratio of 87:1.5:1.5. A positive
siurry is prepared by stirring uniformiy the mixture, then the positive slurry is coated uniformly
on front and rear surfaces of the positive elecirode current collector {aluminum foil}, then a
positive electrode active material layer is formed by drying the coated positive electrode current
coliector aluminum foil at 85 degrees Celsius. inorganic particies {boehmite} are mixed with the
binder PVYDF at a volume ratio of 1.2, and then N-methylpyrrolidone (first solvent) is added and
uniformiy stirred to obitain 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 coaguiation
solution containing deionized water {third solvent} and N-methyipyrrolidone {second sclvent) for
phase transformation, wherein the mass percentage of N-methyipyrrolidone 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 soiution for 30
seconds, the positive electrode current coliector 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 particie size distribution of
inorganic particles (boehmite} is such that Dv10is 0.9 pm, DvSGis 1.8 pum and DvB0 is 3.0 um.
{00117 ({3} Preparation of separator

[00118] A polyethylens porous substrate is used as a separator.

001191 {4) Preparation of electroiyte
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[00120] A solution prepared with lithium salt LiPFg and a non-agueous organic solvent {ethylene
carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate {EMC): vinylene carkonate (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 assernbly 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 performead to obtain the lithium-ion battery.

{00123] Example 18

{00124} {1} 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 { NMP)} at a mass ratic of 92:3:5 to
pregare a negative slurry, then the negative siurry is coated uniformiy 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 coliector 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-methylpyrrofidone (first solvent) is added and uniformly stirred to obtain a coating
solution, wherein the coating solution has a solid content of 15 %. The coating solution is coated
onto the negative electrode current collector on which the negative electrode active material
laver is provided by the dip coating method to form a wet film. The negative electrode current
coliector 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-methvipyrrolidone in the coaguiation 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
coliector 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 Dvi0 is 0.9
pm, Bvs0 is 1.8 um and DvB0 is 3.0 um.

[00126] {2} Preparation of positive electrode

{00127} The positive electrode active material {lithium cobattate {LiCo0,}), the binder
{polyvinylidene fluoride (PVDF}), and the conductive agent {conductive carbon black {Super P}}
are dissolved in the solvent (N-methylpyrrolidone { NMP)) at 2 mass ratio of 97:1.5:1.5. A positive
sturry is prepared by stirring uniformiy the mixture, then the positive slurry is coated uniformly
on front and rear surfaces of the positive electrode current coliector aluminum foil, then a
positive electrode active material iayer is formed by drying the coated positive electrode current
coliector aluminum foil at 85 degrees Celsius, and then cold pressing, siitting and cutting
processes are performed and a positive electrode tab is welded to obtain a positive electrode.
{00128] {3} Preparation of separator

{00129 A polyethylene porous substrate is used as a separator

{00130} {4) Preparation of electroiyte

{00131 A solution prepared with lithium sait LiPF; and a non-aqueous organic solvent {ethylene
carbonate (EC): diethyl carbonate {(DEC): ethyl methy! carbonate (EMC): vinylene carbonate (VC} =
2:85:5:2, by a mass ratio) at a mass ratio of 8:92 is used as the elecirolyte.
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[00132] {5} Preparation of lithium-ion battery

(001337 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.

001347 Example 19

i001351 {1} Preparation of negative electrode

{00138} 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-methyipyrrolidone { NMP)} at a mass ratic of 92:3:5 to
prepare a negative slurry, then the negative siurry is coated uniformiy 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 coliector 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.

[001371 {2} Preparation of positive electrode

{00138] The positive ele
{polyvinylidene flucride {PVDF}} and the conductive agent {conductive carbon black {Super P}} are

trode active material {lithium cobaltate {LiCo0,)}, the binder

dissolved in the solvent (N-methyipyrrolidone { NMP}} at a mass ratio of 87:1.5:1.5. A positive
sturry is prepared by stirring uniformiy the mixture, then the positive slurry is coated uniformly
on front and rear surfaces of the positive electrode current coliector 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-methvipyrrolidone {first solvent) is added and
uniformiy stirred to obtain a coating sciution, wherein the coating solution has solid content of
15%. The coating solution is coated onto the positive electrode current collector on which the
positive electrode active material layer is provided by the dip coating method to form a wet film.
The positive electrode current coliector with a wet film is then immersed in a coaguiation
solution containing deionized water {third solvent} and N-methylpyrrolidone {second solvent} for
phase transformation, wherein the mass percentage of N-methyipyrrolidone in the coagulation
solution is 40%, and the coating solution and the coagulation solution are both at the
temperature of 25 degrees Ceisius. After being immersed in the coagulation solution for 30
seconds, the positive electrode current coliector 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 particies boehmite is such that Dvi0is 0.9 um, Dv50 is 1.8 uym and DvS0
is 3.0 um.

{00139] {3} Preparation of separator

{00140} inorganic particles {(boehmite} are mixed with the binder {PVDF} at a volume ratio of 1.2,
and then N-methylpyrrotidone (first soivent} is added and uniformiy 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-methylgyrrolidone in the coagulation solution
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is 40%, and the coating soiution and the coagulation solution are both at the temperature of 25

degrees Celsius. After being immersed in the coaguiation solution for 30 seconds, the porous
substrate (polyethviene) 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 Dv10is 0.9 pm, DvE0 is 1.8 um and Dv90 is 3.0 um.

{00141} {4} Preparation of electroiyte

[001427 A solution prepared with lithium salt LiPFg and a non-agueocus 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 electrolyie,

{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 electrolyie, forming, and suction
molding processes are performed to obtain the lithium-ion battery.

{00145} Example 20

[00146] {1) Preparation of negative electrode

001477 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 ratic of 92:3:5 to
prepare a negative slurry, then the negative siurry is coated uniformiy on front and rear surfaces
of the negative electrode current collector copper foil, and then a negative electrode active
material layer is formed by drying the coated negative electrode current collector copper foil at
85 degrees Celsius. Inorganic particles {boehmite) are mixed with the binder (PVDF) at a volume
ratio of 1.2, and then N-methylpyrrolidone {first solvent} is added and uniformiy 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 coliector with a wet film is immersed in a coagulation solution containing deionized water
{third solvent) and N-methylpyrrolidone {(second soivent} for ghase 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 coaguiation solution for 30 seconds, the negative electrode current
coliector 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 o obtain a negative
electrode with a porous fiim. The particle size distribution of inorganic particles (boehmite} is
such that Dv10is 0.8 pm, Dv50 is 1.8 um and Dv90 is 3.0 um.

{00148} (2} Preparation of positive electrode

{0014387 The positive electrode active material {lithium cobaltate {LiCo0,)}, the binder
{polyvinylidene fluoride (PVDF)), and the conductive agent {conductive carbon black {Super P}}
are dissoived in the soivent (N-methylpyrrolidone { NMP)) at a mass ratio of 97:1.5:1.5. A positive
sturry is prepared by stirring uniformiy the mixture, then the positive slurry is coated uniformly
on front and rear surfaces of the positive electrode current coliector aluminum foil, then a
positive electrode active material layer is formed by drying the coated positive electrode current
coliector aluminum foil at 85 degrees Celsius, then cold pressing, siitting and cutting processes

are performed and a positive electrode tab is welded to obtain a positive electrode.
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[001501 (3} Preparation of separator

{00151 inorganic particies (boehmite) are mixad with the binder (PVDF) at a volume ratio of 1.2,
and then N-methylpyrrotidone (first soivent) is added and uniformiy 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-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 sclution for 30 seconds, the porous
substrate (polvethylene} with a wet film is dried in an oven at 80 degrees Celsius to obtain a
separator with a porous film. The particle size distribution of inorganic particles (boehmite) is
such that Dv10is 0.9 pm, Dv50 is 1.8 um and Dv30 is 3.0 um.

{00152} {4) Preparation of electroiyte

[00153] A solution prepared with lithium salt LiPFg and a non-agueocus organic selvent {ethylene
carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate {(EMC): vinvlene carbonate (VC) =
8:85:5:2, by a mass ratio} at a mass ratio of 8:92 is used as the electroiyte.

{00154} (5} Preparation of lithium-ion battery

[00155] An efectrode assernbly 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 performad to obtain the lithium-ion battery.

{00156] Comparative example 1

{00157F 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.

{00158] The separator is prepared as foliows.

{00158] The hoehmite 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
{polyethyiene} 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 Dvi0 is 0.9 um, D50 is 1.8 pm and Bv80 is 3.0 pm.

[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 described in Example 1, except that the solid content of the coating solution is 4%.
{00162} Comparative exampie 3

1001631 in this example, the preparation methods for the negative electrode, the positive
electrode, the elecirolyte, 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 Exampie 1, except that the solid content of the coating solution is 30%.
[001641 Parameters of Examples 1-20 and comparative examples 1-3 are shown in Table 1

below.
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Yable 1

Position of Solid Inorganic particle/ um Content of
porous film content second
Second
of the ) solvent in
) Type Dvio § DvS0 | Dvoo | soivent )
coating coagufation
solution solution
surfaces of
Example 1 7% boehmite 0.9 1.8 3.0 NMP 40%
separator
surfaces of
Example 2 10% hoehmite 0.9 1.8 3.0 NMP 40%
separator
surfaces of
Example 3 15% boehmite 0.9 1.8 3.0 NP 40%
separator
surfaces of
Example 4 20% baehmite 0.8 1.8 3.0 NMP 40%
separator
surfaces of
Example 5 25% boehmite 0.9 1.8 3.0 NP 40%
separator
surfaces of
Example 3 15% boehmite 0.9 1.2 3.0 NMP 40%
separator
surfaces of
Example 6 15% boehmite 0.9 1.8 3.0 DMAC 40%
separator
surfaces of
Example 7 15% boehmite 0.9 1.8 3.0 DMF 40%
separator
surfaces of
Example 8 15% boehmite 0.015 0.2 1.5 NMP 40%
separator
surfaces of
Exampie & 15% boehmite 0.2 1.0 2.6 NMP A0%
separator
surfaces of
Example 3 15% boehmite 0.9 1.2 3.6 NMP 40%
separatar
_ surfaces of
Example 10 15% boehmite 1.6 2.6 4.5 NWP 40%
separator
surfaces of
Example 11 15% hoehmite 2.2 3.5 5.8 NMP 40%
separator
surfaces of
Exampie 12 15% boehmite 3.0 5.0 10.0 NP 40%
separator
surfaces of
Exampie 13 15% boehmite 0.8 1.8 3.0 NMP 20%
separator
surfaces of
Example 3 15% boehmite 0.8 1.8 3.0 NMP 40%
separator
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surfaces of
15% boehimite 0.9 1.8 3.0 NpMP 60%
separator
surfaces of
Exampie 15 15% alumina 0.9 1.8 3.0 NMP 40%
separator
surfaces of magnesium
Exampie 16 15% 0.9 1.8 3.0 NMP 40%
separator hydroxide
surfaces of
Example 3 15% boehmite 0.9 1.8 3.0 NMP A%
separator
surfaces of
Example 17 positive 15% boehmite 0.9 1.8 3.0 NP 40%
electrode
surfaces of
Examipie 18 negafive 15% boehmite 0.9 1.8 3.0 NMP 40%
electrode
surfaces of
separatar
Example 19 , 15% boehimite 0.9 1.8 3.0 NMP 40%
and positive
electrode
surfaces of
separator
Example 20 p 15% boehmite 0.9 1.8 3.0 NMP 40%
and negative
electrode
Comparative surfaces of i
i / boehmite 0.9 1.8 3.0 / /
Example 1 separator
Comparative surfaces of
| 4% boehmite 0.9 1.8 3.0 NMP 40%
Example 2 separator
Comparative surfaces of
| 30% boehmite 0.9 1.8 3.0 NP 40%
Example 3 separator

1001651 Performance test

{001667 The performances of the porous film 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.

{001677 {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 LITEMATIC from Naitutoyo company) using 3 5 mm flat bottom
probe with a speed of 50 mm/min and a pressure of 0.01 N. Each separator sample or electrode
sample provided with the porous film is measured for 60 thickness points, and the average
thickness is taken as the measured value. The thickness of the porous film is equal to the
thickness of the separator or the electrode coated with the porous film minus the thickness of
the separator sample or the electrode sample without the porous film. In a case that there are
wo 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

001707 A 100mm x 100mm 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 c¢, and the period that the
test gas passes completely through the separator provided with the porous film is recorded as a
Gurley vaiue. The Gurley value of the porous film is equal to the Gurley value of the separator
provided with the porous film minus the Gurley value of the separator without the porous film
{i.e., a pure porous substrate}. In a case that the electrode comprises a porous fiim, 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 length, width, and thickness of a separator sample or an electrode sampie provided
with a porous film are measured, the thickness of the porous film is obtained using the
above-described method, and the apparent volume V1 of the porous film is obtained through
calculation. The true volume V20 of the separator sample or the electrode sample provided with
the porous film is measured using a true density meter {AccuPye Il Model 1340 Gas Pycnometer,
Micromeritics 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-V0, and the porosity of the porous film is equal to 1-V2/V1.

[00173] {4) Average pore size test of porous film

{00174} The area of the porous film that needs to be measured is ohserved using the Model
Sigma-02-33 Scanning Electron Microscope from Zeiss, and images are saved. The maximum
diameter L1 in the transverse direction and the maximum diameter L2 in the longitudinal
direction for each pore in the images are measured, and the pore size of the pore is equal to
{L1+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 cbserved using the Model
Sigma-02-33 Scanning Electron Microscope from Zeiss, and images are saved. Pore sizes of 200
adiacent pores are measured to obtain a pore size distribution curve. R10 represents pore sizes
which reach 10% of the cumulative pore sizes from the side of small pore size in the pore size
distrivution curve (the pore sizes of 10% of the pores are less than R10). RS0 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 less than R90) The pore size
distribution coefficient D is equal to R90/R10. The closer to 1 the pore size distribution coefficient
& 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.

001777 {6} Average wall thickness test between adjacent pores in the porous film

{00178] The area of the porous film that needs to be measured is cbserved using the Model
Sigma-02-33 Scanning Electron Microscope from Zeiss, and images are saved. The wall
thicknesses between each two adjacent pores among 200 adjacent pores are measured and an
average value thereof is taken as the average wall thickness between adjacent pores in the
porous film.

[001791 {7) Rate performance test of lithium-ion battery

{001807 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 €, rested for 10 minutes, then charged 10 4.4 V at a constant current of 0.7 C, then
charged to 0.02 C at a constant voltage of 4.4V, 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 Q1. 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 voitage is 3.0 V. The discharge capacity at
this point is measurad and recorded as (2.

[00181] 2C/H.2 Crate performance (%) of the lithium-ion battery is equal to Q2/Q1 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 8.7 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 V at a constant current of 1 C, and rested for 10 minutes. The discharge capacity
at this point is measured and recorded as (3. 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 equai to
Q4/Q3 x 100%.

{00185} Testresults

(001867 The measured results of Examples 1-20 and comparative examples 1-3 are shown in
Table 2 below.

Table 2
Parous film Lithium-ion battery
Pare size Avarage
Gurley
Thickness{ ura Average pore distribution wall Rate Cycle
vaiue Poresity
) size{ pn) coetficient D thickness performance werformance
(s/100¢c}
{nm}

Example 1 24 24 58% 12 13 20 80.50%

Erample 2 28 24 55% 7.8 2.1 a0 84.20% 91.10%
Erample 3 32 24 53% 5 25 180 87.30% 95.30%
Examle 4 43 2.4 49% 26 2.8 320 B2.50% 90.70%
Exampie 5 55 24 46% 15 4.5 500 79.70% 85.30%
Exomnpie 3 22 24 53% 5 23 180 87.30% 95.30%
Example § 35 24 52% X E 220 8E.10% 92.30%
Exampie 7 33 2.4 50% 8.7 3.2 300 82.50% 90.00%
Exampie 8 a5 2.4 48% 30 38 410 91.50%
Example 8 40 2.4 50% 4.0 34 320 85.40% 92.30%
Exempie 3 az 24 53% 5 25 180 £7.30% 95.30%
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Bamale 10 30 30 54% 5.5 22 160 86.30% 92.40%

23 4.0 55% 65 20 100 82.40% 39.30%
25 8.0 57% 89 18 70 80.20% 85.50%
Examsie 13 39 2.4 51% 8.1 88 50 82.20% 89.30%
Example 3 32 2.4 53% 5 2.5 180 87.30%
Examole 14 34 2.4 52% 35 2.3 300 84.10% 90.20%
Examole 15 43 2.4 43% 25 30 240 80.20%

Examale 16 38 24 51% 3.4 25 230 85.20% B9.70%
Example 3 32 2.4 53% 5 25 180 95.30%
Examole 17 / 2.4 53% 4.9 26 180 86.30% 94.60%
Example 18 / 2.4 53% 28 180 87.20% 94.90%
/ 2.4 53% 4.9 2.7 180
Example 19 85.50% 93.50%
32 2.4 53% 5 25 180
/ 2.4 53% 54 2.6 180
Example 20 £5.70% 92.90%
32 2.4 53% 5 24 180
Erample 1 36 24 46% / / / £8.80% 70.10%
Example 2 20 24 81% i8 1.3 12 73.70% 76.30%
Exainpie 3 91 2.4 42% 05 5.3 600 72.70% 73.60%

[001871 As can be seen from the relevant data in Table 2 above, the porous film according to
the Examples of the present apglication 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 formed porous film is decreased, the average wall thickness between
the adiacent pores is increased, the porosity of the porous film is decreased, and the gas
permeability of the porous film is deteriorated. However, if the solid content of the coating
solution is too low {for example, comparative example 2}, it is difficult to form a porous film, and
the electrochemical performance of the lithium-ion battery is drastically degraded. The porous
film in Example 3 has a larger average pore size, uniform pore size distribution, and a small
average wall thickness between adjacent pores. If the solid content of the coating solution is too
high (for example, comparative example 3}, the porosity of the porous film is too low and the gas
parmeability of the porous film is very poor. Referring to Figure 3, it can be seen that a smalil pore
size structure tends to be formed in the porous film, and the average wall thickness between the

adiacent pores is large, which seriously affects the cycle performance and rate performance of
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the lithium-ion battery.

(001897 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-sclvent {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 particies, 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 hetween the adjacent pores are easily chtained.

{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
chtained porous films are also different. The porous film formed with NMP has the [argest
average pore size and the highest porosity, the porous film formed with DMF has the smaliest
average pore size and the lowest porosity, and the porous film formed with DMAC has the
average pore size and a porosity between those of the porous films formed with  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 scivent} 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.

{00192} As can be seen from the analysis of the relevant data of Exampie 3 and Examples 13-14,
the content of the erganic 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 soivent {second solvent) in the coagulation solution is reduced, the average pore size of
the pores in the porous film is increased. As can be seen from the analysis of the relevant data of
Example 1 and Examples 17-20, the porous film of the application may be formed separately on
the separator, the positive electrode, and the negative electrode, or may also be formed on both
the separator and the positive electrode or formed on both the separator and the negative
electrode. The lithium-ion battery has good rate performance and cycling performance in either
case.

{00193} it should be understood by those skilled in the art that the above-described Examples
are only illustrative examples. Various changes, substitutions, and aiterations couid be made to

the application without departing from the spirit and scope of the application.
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What is claimed is

1. A porous film, comprising:

a hinder; 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 batween 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

um to 20 um.

3. The porous film according to claim 1, wherein the inorganic particles have particle sizes that
Dvi0 is in a range of 0.015 pm to 3 um, DvS0 isin a range of 0.2 pm to 5 pm, and Dv80 is in a
range of 1 um to 10 um.

4, The porous film according to claim 3, wherein Dv10 of the inorganic particles is less than Dv50
of the inorganic particies, and Dv50 of the inorganic particles is less than Dv80 of the inorganic

particles.

5. The porous film according to ciaim 1, wherein the inorganic particles have particle sizes that
the ratio of Dv80 to Dv1G 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 cne 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 film according to claim 1, wherein the binder is at least one of polyvinylidene
fluoride, vinylidene fluoride-hexafluoropropyiene copolymer, polyamide, pelyacrylonitrile,
polyacryiate, polyacrylic  acid, polvacrvlic acid  salt, sodium carboxymethyicellulose,
polyvinylpyrrolidone, polyvinyl ether, polymethyl methacryliate, polytetrafluoroethyiene and
polyhexafluoropropylene.

8. The porous film according to claim 1, wherein the porous film has a porosity of 20% to 30%,
and the porous film has a thickness of 0.2 to 10 um.

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 t0 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-agueous electrolyte; and
a porous film, comprising:
a binder; and
inorganic particies;
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 nrn to 500 nm.

12. The lithium-ion battery according to claim 11, wherein the porous film has an average pore
size of 0.3 wm to 20 wm.

13. The lithium-ion battery according to dlaim 11, wherein the inorganic particles have particle
sizes that Dvi0 is in a range of 0.615 um to 3 pm, DVvSCis in a range of 0.2 um to 5 um, and Dv90
isinarange of 1 umto 10 um.

14. The lithium-ion battery according to claim 13, wherein Dv10 of the inorganic particles is less
than Dv30 of the inorganic particles, and Dv50 of the inorganic particles is less than Dv30 of the

inorganic particles.

15. The lithium-ion battery according to claim 11, wherein the inorganic particles have particle
sizes that the ratio of Dv30 to Dv10 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,

calcium 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-hexafluoropropyiene copolymer, polyamide,
polyacrylonitrile,  polyacryiate, polvacrylic  acid, polyacrylic  acid  sailt,  sodium
carboxymethyicelluiose, polyvinvipyrrolidone, polyvinyl  ether, polymethyl  methacrylate,

polvtetrafiuoroethylene and polvhexaflucropropylene.

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 8.2 to 10 pm, 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 iithium-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.
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ABSTRACT
The application provides a porous film and a lithium-ion battery. The porous film according to the
present application has exceilent adhesion, and the pore structure of the porous film can stiti he
well maintained after being immersed in the electrolyte, thereby reducing the probability of pore
blockage of the porous film and allowing the fithium-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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