
DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16013887 Document Date: 06/20/2018 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via eDAN using the Supplemental Content 

tab, or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: August 26, 2013 



Doc Code: PA .. 
Document Description: Power of Attorney 

PTO/AIA/82A (07-13) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papeiwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the 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/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number Not Yet Assigned 

Filing Date Concurrently Herewith 

First Named Inventor Jianjian Yi 

Title 
SEPARATOR AND ENERGY STORAGE DEVICE 

Art Unit N/A 

Examiner Name Not Yet Assigned 

Attorney Docket Number DEHE-1806-USPT 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Charles Ho/ Date (Optional} May 30, 2018 

Name Registration 
Charles Ho Number 51,807 

Title (if Applicant is a 
juristic entity) 

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

□ *Total of 1 forms are submitted. 

{DEHE-1806-USPT/00783505v1} 



Doc Code: PA •. 
Document Description: Power of Attorney 

PTO/AIN828 (07-13) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under !he Paperwork ReducUon Act of 1995, no persons are required to respond lo a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

Application Number Filing Date 

Not Yet Assigned Concurrently Herewith 

(Note: The boxes above may be left blank if information ts provided on form PTO/AIA/82A.) 01 hereby appoint the Patent Practitioner(s) associated with the following Customer Number as mylour attomey(s) or agent(s), 
and to transact all business in the United States Patent and Trademark Office connected therewith for the application 
referenced in the attached transmittal letter {form PTO/AIA/82A) or identified above: I 152866 I OR 

O I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United Stales Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIN82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

Q The address associated with the above-mentioned Customer Number 

OR 

D The address associated with Customer Number: 

I I 
OR 

oflrmor 
Individual Name 

Address 

City I State [ I Zip I 
Country 

Telephone I Email 

I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

I Ningde Amperex Technology limited I 
D Inventor or Joint Inventor (title not required below) 

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in 
the application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 
The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature Ch, l/rtt che11/,Y I Date (Optional) I 
¥ 

Name Chilin Cheng 
.,.r 

Title Jr\Olr1U\1AOY 
NOTE: Signature - This form mustl.oe signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1 .4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

{DEHE-1805-USPT/00783500111} 



Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Filer: Charles S. Ho 

Attorney Docket Number: DEHE-1806-USPT 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 300 300 

UTILITY SEARCH FEE 1111 1 660 660 

UTILITY EXAMINATION FEE 1311 1 760 760 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1720 



Electronic Acknowledgement Receipt 

EFSID: 32944477 

Application Number: 16013887 

International Application Number: 

Confirmation Number: 3106 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 152866 

Filer: Charles S. Ho 

Filer Authorized By: 

Attorney Docket Number: DEHE-1806-USPT 

Receipt Date: 20-JUN-2018 

Filing Date: 

Time Stamp: 21:36:32 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1720 

RAM confirmation Number 062118INTEFSW21432400 

Deposit Account 

Authorized User 

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



File Listing: 

Document 
Document Description File Name 

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

1255563 

1 Application Data Sheet 
Application_Data_Sheet_Fillabl 

no 9 
e_PDF.PDF 

88ce5f525a918c3adc59f9f06361790dcc09 
4b09 

Warnings: 

Information: 

3339366 

2 Oath or Declaration filed Executed_DEC.pdf no 12 
f339b8de574c34d9a5Sb 163b 14178001 a21 

9cba2 

Warnings: 

Information: 

475665 

3 Spec.pdf yes 30 
23da5177f91 53d7ed9b8cd526c5bd29c50a 

ac0b2 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 24 

Claims 25 27 

Abstract 28 28 

Drawings-only black and white line drawings 29 30 

Warnings: 

Information: 

65776 

4 Power of Attorney Executed_POA.pdf no 2 
Sfa534fa251 32d24fe17d2478a8f2aecd39d 

157a 

Warnings: 

Information: 



34550 

5 Fee Worksheet (5B06) fee-info.pdf no 2 
891 d 1 dcfa43e57Sd62e8b60729ff6aecb7ed 

6627 

Warnings: 

Information: 

Total Files Size (in bytes) 5170920 

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



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

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: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~ianjian I fri I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~ingde, Fujian l1country of Residence i l~N I 

Mailing Address of Inventor: 

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

Address 2 

City I f'Jingde, Fujian I State/Province 11 

Postal Code I rs2100 I Countryi I FN 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t<inzhi I l,'hang I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~ingde, Fujian IICountry of Residence i l~N I 

Mailing Address of Inventor: 

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

Address 2 

City I f'Jingde, Fujian I State/Province 11 

Postal Code I ~s2100 I Countryi I ~N 

Inventor b I Remove I 
Legal Name 

EFSWeb2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

Prefix Given Name Middle Name Family Name Suffix 

I El jlengbin I J/Vei I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~ingde, Fujian IICountry of Residence i l~N I 

Mailing Address of Inventor: 

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

Address 2 

City I f'Jingde, Fujian I State/Province 11 

Postal Code I r52100 I Countryi I FN 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t<inghua I lfao I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~ingde, Fujian IICountry of Residence i l~N I 

Mailing Address of Inventor: 

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

Address 2 

City I f'Jingde, Fujian I State/Province 
11 

Postal Code 1 ~52100 I Countryi I FN 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

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

Customer Number 52866 

Email Address I I Add Email I I Remove Email I 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

Application Information: 

Title of the Invention SEPARATOR AND ENERGY STORAGE DEVICE 

Attorney Docket Number DEHE-1806-USPT I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
11 

I Suggested Figure for Publication (if any) 11 

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. I 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 I US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~52866 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

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 I IT I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I I IT I 
Additional Domestic Benefit/National Stage Data may be generated within this form 

I Add I 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 (PDXi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

~01810321779.5 J:;N ~018-04-11 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention 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 AIA. 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

DEHE-1806-USPT Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

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 Bin 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 (PDXl - 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) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin 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 
D 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 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

Applicant Information: 

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

Applicant 11 I Remove I 
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. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

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

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

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~ingde 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 I J:;N Postal Code 352100 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature liCharles Ho/ Date (YYYY-MM-DD) 12018-06-20 

First Name pharles I Last Name I ~o Registration Number ~1,807 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number DEHE-1806-USPT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEPARATOR AND ENERGY STORAGE DEVICE 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

EFS Web 2.2.13 



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: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 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 PatentCooperationTreaty. 

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

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

EFSWeb2.2.13 
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This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is 
requ:red to obtain or retain a benefit by the public whlch 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. i 4. This collection 
is estimated to take i minute 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, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

if you need assistance in completing the form, cali i-800-PT0-9199 and select option 2. 

Privacy Act Statement 
The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information ln connection 
with your submission of the attached form related to a patent appifcation or patent. Accordingly, 
pursuant to the requirements of the Act; piease be advlsed that ( 1) the general authority for the 
coilection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited ls voluntary; 
and {3} the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office ls to process andior examine your submission related to a patent application or patent. !f 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, \Nhich may result in termination of proceedings or 
abandonment of the application or expiration oi' the patent 

The information provided by you in i.his form will be subject to the following routine uses 

1. The information on this form will be treated confidentially to the extent aHowed 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 negotlattons. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submittlng a request involving an individual, to whom the record pertains, wrien 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 shaH be required to comply with the requirements cf the Privacy Act of 'l 97 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International App1ication filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to ihe International Bureau of the 
World lnteilectual Property Organizat[on, 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. i81) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 2i 8{c)). 

7. A record from this system of records may be disciosed, as a routine use, to the Administrator, 
General Services, or hisiher designee, dur\ng an inspection of records conducted by GSA as 
part of that agency's responsibi!lty 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 (Le, GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records rnay be disclosed, as a routine use, to the public after 
either publication of the appl[cation pursuant to 35 U.S.C. 122(b) or issuance of a patent 

-4-



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 jf the record was fi!ed in an application which 
became abandoned or in which the proceedings were terminated and wi1ich 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, lf the USPTO becomes aware of a violation or potential 
vlolatfon of law or regulation 
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This collection of information is required by 35 U.S.C. i 15 and 37 CFR 1.63. The information is 
required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an 
appiicaUon. Confidentiality ls govemed by 35 U.S.C. 12.2 and 37 CFR 1. 11 and 1.14. This collection 
is estimated to take 1 minute 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, shou!d be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box ·1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

If yrn.J need asslslance in completing the fomi, call 1-800-PT0-9199 and select option 2. 

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 ofthis information is 35 U.S.C. 2(b)(2); (2) furnishing of the information so!icited 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 andior 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 wm be subject to the following routine uses 

1. The information on this form will be treated confidentially to the extent aiiowed 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 disdosures to 
opposing counsel in the course of settlement negotiations. 

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her des!gnee, during an inspection of records conducted by GSA as 
part of that agency's responsibillty 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 determinatlons about individuals. 

8. A record from this system of records may be dfsclosed, as a routine use, to the public after 
either publication of the appllcat!on 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 llm[tations 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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SEPARATOR AND ENERGY STORAGE DEVICE 

CROSS REFERENCES TO RELATED APPLICATIONS 

[001] This application claims the benefit of Chinese Patent Application No. 

201810321779 .5 filed on April 11, 2018. The entire contents of the above application 

are hereby incorporated by reference in their entirety. 

FIELD OF THE APPLICATION 

[002] The application relates to the field of energy storage devices, and in particular, 

to a separator and an energy storage device. 

BACKGROUND OF THE APPLICATION 

[003] Non-aqueous secondary batteries, particularly lithium-ion batteries, are 

widely used in portable electronic devices such as notebook computers, digital cameras, 

camcorders, and cellphones, due to their high energy density and good 

rate performance. In recent years, the application of lithium-ion batteries as the power 

supply for electrical vehicles, 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, there will be a gap between the electrode and the separator, 

resulting in a reduction of the cycle capacity of the lithium-ion battery and thereby 

having an influence on its service life. Therefore, there is an urgent need for a technical 

solution to solve the problem of the gap between the separntor and the electrode so as to 

improve the service life of the lithium-ion battery. 

SUMMARY OF THE APPLICATION 

[004] A separator and an energy storage device are provided according to the present 

application. With the separator provided by the application, not only the problem of the 

gap between the separator and the electrode can be solved, but also excellent adhesive 

force between the separator and the electrode can be maintained; moreover, the rate 

performance and cycle performance of the energy storage device can be improved due 
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to the pore structures maintained in the separator of the application. 

[005] A separator is provided according to an example of the present application. 

The separator comprises: a porous substrate; and a porous layer arranged on a surface 

of the porous substrate, wherein the porous layer comprises inorganic particles and a 

binder, and a ratio of Dv90 of the inorganic particles to the thickness of the porous layer 

is in a range of 0.3 to 3.0. The Dv90 of the inorganic particles refers to a particle size 

which reaches 90% the cumulative volume from the side of small particle size in the 

granularity distribution on a volume basis. 

[006] 

10 µm. 

[007] 

In the above-described separator, the porous layer has a thickness of 0.2 µm to 

In the above-described separator, the porous layer has pores formed by the 

binder, and the inorganic particles are distributed in the pores. 

[008] In the above-described separator, the pores have an average pore size of 0.3 

µmto 20 µm. 

[009] In the above-described separator, the volume ratio of the inorganic particles to 

the binder is in a range from 0.2 to 3.0. 

[0010] In the above-desc1ibed separator, the porous layer has a porosity of 20% to 

90%. 

[0011] In the above-described separator, the inorganic particles are one or more 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, 

hafnium dioxide, tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium 

oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and 

barium sulfate. 

[0012] In the above-described separator, the binder is one or more selected from the 

group consisting of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene 

copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylates, 

sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl 

methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

[0013] An energy storage device is further provided according to the present 

application, which comprises the above-described separator. 

[0014] In the above-described energy storage device, the energy storage device is a 
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lithium-ion battery. 

[0015] A method for preparing a separator is further provided according to the present 

application, the method comprising the steps of: 

[0016] mixing inorganic particles with a binder to generate a mixture, and adding a 

first solvent into the mixture and stirring the mixture with the first solvent to obtain an 

uniform coating solution; coating the uniform coating solution onto a surface of a 

porous substrate to form a wet film; immersing the wet film into a coagulating solution 

for phase transformation; and drying the phase-transformed wet film to obtain the 

separator. 

[0017] In the above-desclibed method, the solid content in the coating solution is in a 

range of 7% to 25%. 

[0018] In the above-desclibed method, the coagulating solution complises a second 

solvent and a third solvent, and the second solvent has a mass percentage of 20% to 

60%. 

[0019] In the above-desclibed method, the first solvent is one or more independently 

selected from the group consisting of N-methylpyrrolidone (NMP), dimethylacetamide 

(DMAC) and dimethylformamide (DMF). 

[0020] In the above-described method, the porous substrate complises a polymer film, 

a multilayer polymer film, or a non-woven fablic formed of any one or more of the 

following polymers: polyethylene, polypropylene, polyethylene terephthalate, 

polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, polyamide, 

polyimide, polyetheretherketone , polyaryletherketone, polyetherimide, polyamide 

imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, cycloolefin 

copolymer, polyphenylene sulfide, and polyethylene naphthalene. 

[0021] In the above-desclibed method, the polyethylene is at least one component 

selected from the group consisting of high density polyethylene, low density 

polyethylene, and ultrahigh molecular weight polyethylene. 

[0022] In the above-described method, the second solvent is one or more 

independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide, and the third solvent is one or more 

selected from the group consisting of deionized water, ethanol, propanol, acetone, 
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dimethyl carbonate and diethyl carbonate. 

[0023] An excellent adhesion exists between the separator and the electrode 

according to the present application, thus ensuring that the energy storage device has 

good safety performance. Moreover, the porous layer is arranged on a surface of the 

separator, and the inorganic particles contained in the pores in the porous layer can 

serve to support the pores, and therefore the pores can be well protected from being 

destroyed. As such, the probability of pore blockage due to compression and swelling 

in the separator is reduced, the separator would exhibit high ionic conductivity, and the 

rate performance and cycle performance of the energy storage device are greatly 

improved. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

[0024] Figure 1 is an electronic microscope image (3000 times magnification) of 

pores of the lower surface of the porous layer (i.e., the surface of the porous layer that is 

away from the porous substrate) in example 3; 

[0025] Figure 2 is an electronic microscope image (10,000 times magnification) of 

the cross section of the porous layer in the thickness direction in example 3; 

[0026] Figure 3 is an electronic microscope image (3000 times magnification) of 

pores of the lower surface of the porous layer (i.e., the surface of the porous layer that is 

away from the porous substrate) in comparative example 2; and 

[0027] Figure 4 is an electronic microscope image (10,000 times magnification) of 

the cross section of the porous layer in the thickness direction in comparative example 

2. 

DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES 

[0028] Exemplary examples will be described in details. While these exemplary 

examples may be implemented in various forms, the applicationshould 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. 
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[0029] A separator and a preparation method thereof as well as an energy storage 

device according to the present application will be described in details hereinafter. 

[0030] In a first aspect of the application, the separator comprises a porous substrate 

and a porous layer. The porous layer is arranged on a surf ace of the porous substrate. 

Specifically, the porous layer is arranged on one surface of the porous substrate, or the 

porous layer is arranged on both surfaces of the porous substrate, or the porous layer is 

an·anged on part of the surface of the porous substrate. The porous substrate comprises 

a polymer film, a multilayer polymer film, or a non-woven fabric formed of any one or 

more of the following polymers: polyethylene, polypropylene, polyethylene 

terephthalate, polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, 

polyamide, polyimide, polyetheretherketone, polyaryletherketone, polyetherimide, 

polyamide imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, 

cycloolefin copolymer, polyphenylene sulfide, and polyethylene naphthalene. The 

above-mentioned polyethylene is at least one component selected from the group 

consisting of high density polyethylene, low density polyethylene, and ultrahigh 

molecular weight polyethylene. 

[0031] In an example of the application, the porous layer arranged on the porous 

substrate comprises a binder and inorganic particles. The porous layer has pores formed 

by the binder, and the pores at least comprises a part of the inorganic particles. A ratio 

of Dv90 of the inorganic particles to the thickness of the porous layer is in a range from 

0.3 to 3.0. The Dv90 of the inorganic particles refers to a particle size which reaches 90% 

the cumulative volume from the side of small particle size in the granularity distribution 

on a volume basis. The binder is one or more selected from the group consisting of 

polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene copolymer, 

polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylates, sodium 

carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl 

methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. The binder can 

provide a sufficient binding interface for the electrode, thus ensuring a high adhesive 

force between the separator and the electrode, and enabling the energy storage device 

(such as a lithium-ion battery) to have a high safety performance. 

[0032] The pores in the porous layer allow the separator to have good electrolyte 

diffusion and absorption capabilities, improving the ionic conductivity of the separator, 

and thereby improving the rate performance of the energy storage device ( such as a 
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lithium-ion battery). The average pore size of the porous layer is not less than 0.3 µm, 

which makes the separator have good electrolyte diffusion and absorption capabilities, 

improves the ionic conductivity of the separator, reduces the polarization reaction, and 

thus can improve the rate performance of the energy storage device (such as a 

lithium-ion battery). The porous layer may have a porosity of 20% to 90%. 

[0033] The inorganic particles distributed in the pores of the porous layer provide a 

good mechanical support for the porous layer, preventing the porous layer from 

compressing and collapsing during processing the energy storage device (such as a 

lithium-ion battery), and preventing the porous layer from being compressed and 

destroyed. Inorganic particles refer to a class of inorganicmaterials obtained from 

natural or synthetic compounds through the process of shaping and high-temperature 

sintering or the like. The inorganic particles are one or more selected from the group 

consisting of alumina, silica, magnesia, titanium oxide, hafnium dioxide, tin oxide, 

zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium oxide, boehmite, aluminum 

hydroxide, magnesium hydroxide, calcium hydroxide, and barium sulfate. The 

inorganic particles may contain polar functional groups such as a hydroxyl group. The 

surface of the inorganic particles containing polar functional groups can be more easily 

combined with the non-solvent (third solvent) in the coagulating solution in the 

preparation process, which facilitates the diffusion of the non-solvent (third solvent) 

into the porous layer along the surface of the inorganic particles so that larger pores are 

formed in the vicinity of the inorganic particles, and the rate performance of the energy 

storage device (such as a lithium-ion battery) is thereby improved. The non-solvent 

(third solvent) in the coagulating solution will be described below. 

[0034] In an example of the present application, the volume ratio of the inorganic 

particles to the binder in the porous layer is in a range from 0.2 to 3.0. An exchange 

between the first solvent in the coating solution and the third solvent in the coagulating 

solution can be increased by increasing the volume ratio of the inorganic particles to the 

binder, and the porosity of the porous layer is increased; conversely, if the volume ratio 

of the inorganic particles to the binder is reduced, the porosity of the porous layer will 

be decreased. If the volume ratio of the inorganic particles to the binder is too low, the 

average pore size of the porous layer will be decreased, and the porosity of the porous 

layer will be decreased; moreover, if the content of inorganic particles is decreased, the 

mechanical strength and heat resistance of the porous layer is decreased. If the volume 
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ratio of the inorganic particles to the binder is too high, the adhesive force of the porous 

layer will be reduced, and the porous layer is easily detached from the surface of the 

porous substrate, resulting in deterioration of the safety performance of the energy 

storage device (such as a lithium-ion battery). 

[0035] The porous layer has a thickness of 0.2 µm to 10 µm. If the thickness of the 

porous layer is too high, the gas permeability of the porous layer will be deteriorated, 

and the rate performance of the energy storage device (such as a lithium-ion battery) 

will be decreased. If the thickness of the porous layer is too low, the adhesive force of 

the porous layer will be reduced, a gap will easily occur between the separator and the 

electrode, and the hardness of the energy storage device (such as a lithium-ion battery) 

will be decreased, resulting in deterioration of the safety performance of the energy 

storage device (such as a lithium-ion battery). 

[0036] In addition, in an example of the present application, pores having a larger 

average pore size can be obtained by controlling the ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer. In the electrolyte environment, after the 

binder (such as polyvinylidene fluoride) in the porous layer swells, more through-holes 

can be retained, which avoids swelling and pore blockage, ensures a channel for ion 

transportation, reduces polarization reactions, and improves the rate performance of the 

energy storage device (such as a lithium-ion battery). The Dv90 of the inorganic 

particles refers to a particle size which reaches 90% the cumulative volume from the 

side of small particle size in the granularity distribution on a volume basis. 

[0037] In some examples of the present application, the ratio of the Dv90 of the 

inorganic particles to the thickness of the porous layer is in a range from 0.4 to 1.5. By 

increasing the ratio of Dv90 of the inorganic particles to the thickness of the porous 

layer, the mechanical strength of the porous layer is increased, and the porous layer is 

prevented from undergoing pore blockage due to compression in the preparation or 

cycle process of the energy storage device (such as a lithium-ion battery), thereby 

increasing the rate performance of the energy storage device (such as a lithium-ion 

battery). Conversely, the mechanical properties of the porous layer may be reduced by 

reducing the ratio of Dv90 of inorganic particles to the thickness of the porous layer, 

leading to pore blockage of the porous layer due to compression in the preparation and 

cycle processes of the energy storage device (such as a lithium-ion battery), and the rate 

performance of the energy storage device (such as a lithium-ion battery) is reduced. In 
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addition, if the ratio of the Dv90 of the inorganic particles to the thickness of the porous 

layer is too high, the pore size distribution of the porous layer tends to be non-uniform, 

resulting in a non-uniform surface of the porous layer, which further makes the porous 

layer easy to detach from the surface of the porous substrate and forms defects in the 

energy storage device (such as a lithium-ion battery). Moreover, if the ratio of Dv90 of 

the inorganic particles to the thickness of the porous layer is too high, the adhesive 

force of the porous layer is reduced, affecting the safety performance of the energy 

storage device (such as a lithium-ion battery). If the ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer is too low, the inorganic p311icles cannot be 

effectively exposed on the surface of the porous layer, which does not facilitate an 

exchange between the first solvent in the coating solution and the third solvent in the 

coagulating solution in the preparation of the porous layer, therefore cannot enhance 

diffusion, and is not advantageous for the development of the pores. 

[0038] The method for preparing the separator according to the present application is 

described below. Firstly, the inorganic pa11icles are mixed with the binder, and then the 

first solvent is added into the mixture and the mixture is stirred to obtain a uniform 

coating solution, wherein the binder dissolves in the first solvent. The first solvent is 

one or more selected from the group consisting of N-methylpyrrolidone (NMP), 

dimethylacetamide (DMAC) and dimethylformamide (DMF). The porous layer formed 

using N-methylpyrrolidone (NMP) has the largest average pore size and the highest 

porosity; the porous layer fonned using dimethylformamide (DMF) has the smallest 

average pore size and the lowest porosity; and the porous layer formed using 

dimethylacetamide (DMAC) has an average pore size and a porosity between those of 

the porous layer formed using N-methylpyrrolidone (NMP) and the porous layer 

formed using dimethylformamide (DMF). The temperature of the coating solution may 

be in a range from 15 degrees Celsius to 30 degrees Celsius. The solid content of the 

coating solution may be in a range from 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 rate between the third solvent in the coagulating solution and 

the first solvent in the coating solution becomes lower, and the average pore size and 

porosity of the formed porous layer are reduced; conversely, if the solid content of the 

coating solution is reduced, the average pore size and porosity of the porous layer are 

increased. However, if the solid content of the coating solution is too high and exceeds 
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this range, the gas permeability of the porous layer does not meet the requirements and 

cannot satisfy the use for an energy storage device (such as a lithium-ion battery). If the 

solid content of the coating solution is too low, which is below this range, the strength 

of the porous layer is decreased, and it is difficult to form a film on the surface of the 

porous substrate. 

[0039] Next, the coating solution is uniformly coated on the surface of the porous 

substrate to form a wet film. The coating method of the coating solution is dip coating. 

Meanwhile, any other suitable coating process may also be used. 

[0040] Thereafter, the porous substrate with the wet film is immersed into a 

coagulating solution for phase transformation, wherein the coagulating solution may 

include a second solvent and a third solvent, and the second solvent and the third 

solvent are soluble with each other. The second solvent is one or more selected from the 

group consisting of N-methylpyrrolidone (NMP), dimethylacetamide (DMAC) and 

dimethylformamide (DMF), and the third solvent is one or more selected from the 

group consisting of deionized water, ethanol, propanol, acetone, dimethyl carbonate, 

and diethyl carbonate. The mass percentage of the second solvent in the coagulating 

solution may be in a range from 20% to 60%. The average pore size and porosity of the 

porous layer can be increased by decreasing the content of the second solvent in the 

coagulating solution. However, if the content of the second solvent is too low, a dense 

surface film may be formed on the surface of the porous layer that is away from the 

porous substrate, resulting in deterioration of the gas permeability of the porous layer. If 

the content of the second solvent is too high, complete pores cannot be formed, or the 

formed porous layer has a very low average pore size. The temperature of the 

coagulating solution may be in a range from 15 degrees Celsius to 30 degrees Celsius. 

The period for phase transformation may be in a range from 10s to 90s. 

[0041] Finally, after the completion of the phase transformation, the wet film is dried 

to obtain a separator, wherein a porous layer is arranged on the surf ace of the porous 

substrate, and inorganic particles are distributed in the pores of the porous layer. The 

drying temperature may be in a range from 60 degrees Celsius to 70 degrees Celsius, 

and the drying period may be in a range from 10 minutes to 40 minutes. 

[0042] According to some examples of the present application, a porous layer is 

prepared based on a phase transformation (i.e., non-solvent induced phase separation, 
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NIPS) principle, wherein the first solvent in the coating solution is an organic solvent, 

and the binder (such as PVDF) can be dissolved in the first solvent. The coagulating 

solution contains a third solvent (deionized water), and the binder is insoluble in the 

third solvent (deionized water). Therefore, after the coating solution is coated on the 

porous substrate and then immersed into the coagulating solution, the first solvent in 

the coating solution is extracted into the third solvent (deionized water) in the 

coagulating solution, and the binder in the coating solution is solidified and precipitate 

to form a porous layer. 

[0043] An energy storage device including the above-described separator is further 

provided according to the present application, such as a lithium-ion battery. In the 

application, the lithium-ion battery is only an illustrative example of the energy storage 

device, and the energy storage device may also complise other suitable devices. The 

lithium-ion battery further comprises a positive electrode, a negative electrode, and an 

electrolyte, and the separator of the present application is placed between the positive 

electrode and the negative electrode. The positive current collector may be aluminum 

foil or nickel foil, and the negative current collector may be copper foil or nickel foil. 

[0044] In the lithium-ion battery desclibed above, the positive electrode complises a 

positive electrode matelial capable of intercalation and deintercalation of lithium (Li) 

(hereinafter sometimes referred to as "positive electrode material capable of 

intercalation/deintercalation of lithium (Li)"). Examples of the positive electrode 

material capable of intercalation/deintercalation of lithium (Li) may include one or 

more of lithium cobaltate, lithium nickel cobalt manganate, lithium nickel cobalt 

aluminate, lithium manganate, lithium iron manganese phosphate, lithium vanadium 

phosphate, lithium vanadium oxide phosphate, lithium iron phosphate, lithium titanate, 

and lithium-rich manganese-based materials. 

[0045] In the above-mentioned positive electrode material, the chemical formula of 

lithium cobaltate may be expressed as LixCoaMhO2-c, wherein Ml represents at least 

one selected from the group consisting of nickel (Ni), manganese (Mn), magnesium 

(Mg), aluminum (Al), boron (B), titanium (Ti), vanadium (V), chromium (Cr), ferrum 

(Fe), copper (Cu), zinc (Zn), molybdenum (Mo), tin (Sn), calcium (Ca), strontium (Sr), 

tungsten (W), yttrium (Y), lanthanum (La), zirconium (Zr), and silicon (Si), and the 

values of x, a, b, and care respectively within the following ranges: 0.8:Sx:Sl.2, 0.8:Sa:Sl, 

0:Sb:S0.2, -0.1 :Sc:S0.2. 
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[0046] In the above-mentioned positive electrode material, the chemical formula of 

lithium nickel cobalt manganate or lithium nickel cobalt aluminate may be expressed as 

LiyNidM2eO2-f, wherein M2 represents at least one selected from the group consisting 

of cobalt (Co), manganese (Mn), magnesium (Mg), aluminum (Al) , boron (B), 

titanium (Ti), vanadium (V), chromium (Cr), ferrum (Fe), copper (Cu), zinc (Zn), 

molybdenum (Mo), tin (Sn), calcium (Ca), yttrium (Sr), tungsten (W), zirconium (Zr), 

and silicon (Si), and the values of y, d, e, and fare respectively within the following 

ranges: 0.8:Sy:Sl.2, 0.3:Sd:S0.98, 0.02:Se:S0.7, -0.1:Sf:S0.2. 

[004 7] In the above-mentioned positive electrode material , the chemical formula of 

lithium manganate is expressed as LizMn2_gM3gO4_h, wherein M3 represents at least one 

selected from the group consisting of cobalt (Co), nickel (Ni), magnesium (Mg), 

aluminum (Al), boron (B), titanium (Ti), vanadium (V), chromium (Cr), ferrum (Fe), 

copper (Cu), zinc (Zn), molybdenum (Mo), tin (Sn), calcium (Ca), strontium (Sr), and 

tungsten (W), and the values of z, g and hare respectively within the following ranges: 

0.8:Sz:Sl .2, 0:Sg<l .O, and -0.2:Sh:S0.2. 

[0048] The negative electrode comprises 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 negative electrode material capable of intercalation/deintercalation of 

lithium (Li) may include a carbon material, a metal compound, an oxide, a sulfide, a 

nitride of lithium such as LiN 3, lithium metal, a metal which formed an alloy with 

lithium, and a polymer material. 

[0049] Examples of carbon materials may include low graphitized carbon, easily 

graphitized carbon, artificial graphite, natural graphite, mesocarbon microbeads, soft 

carbon, hard carbon, pyrolytic carbon, coke, glassy carbon, organic polymer compound 

sintered body, carbon fiber and active carbon. Coke may include pitch coke, needle 

coke, and petroleum coke. The organic polymer compound sintered body refers to 

materials obtained by calcining and carbonizing a polymer material such as a phenol 

plastic or a furan resin at a suitable temperature and, and some of these materials are 

classified into low graphitized carbon or easily graphitized carbon. Examples of 

polymeric materials may include polyacetylene and polypyrrole. 

[0050] Among these negative electrode materials capable of 
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intercalation/deintercalation of lithium (Li), further, materials whose charge and 

discharge voltages are close to the charge and discharge voltages of lithium metal are 

selected. This is because of the fact 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. 

[0051] In addition, the negative electrode material capable of 

intercalation/deintercalation of lithium (Li) may include elemental lithium metal, metal 

elements and semi-metal elements capable of forming an alloy together with lithium 

(Li), alloys and compounds including such elements, etc. In particular, they are used 

together with the carbon material, since good cycle characteristics and high energy 

density can be obtained in this case. In addition to alloys 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), intermetallic compounds, 

and mixtures thereof. 

[0052] Examples of metal elements and semi-metal elements may include tin (Sn), 

lead (Pb), aluminum (Al), indium (In), silicon (Si), zinc (Zn), antimony (Sb), bismuth 

(Bi), cadmium (Cd), magnesium (Mg), boron (B), gallium (Ga), germanium (Ge), 

arsenic (As), silver (Ag), zirconium (Zr), yttrium (Y), and hafnium (Hf). Examples of 

the above-described alloys and compounds may include a material expressed as a 

chemical formula: MasMbtLiu and a material expressed as a chemical formula: 

MapMcqMdr. In these chemical formulas, Ma represents at least one of metal elements 

and semi-metal elements capable of forming alloys with lithium, Mb represents at least 

one of these metal elements and semi-metal elements other than lithium and Ma, Mc 

represents at least one of the non-metal elements, Md represents at least one of these 

metal elements and semi-metal elements other than Ma, ands, t, u, p, q, and r satisfy 

s>0, t2:0, u2:0, p>0, q>0, and r2:0, respectively. 

[0053] In addition, an inorganic compound that does not include lithium (Li) may be 

used in the negative electrode, such as MnO2 , V 2O5 , V6O 13 , NiS, and MoS. 
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[0054] The lithium-ion battery described above further comprises an electrolyte, 

which may be one or more of a gel electrolyte, a solid electrolyte, and an electrolyte. 

The electrolyte comprises a lithium salt and a non-aqueous solvent. 

[0055] The lithium salt is one or more selected from the group consisting of LiPF6, 

LiBF4 , LiAsF6, LiC1O4 , LiB(C6H 5) 4 , LiCH3SO3 , LiCF3SO3, LiN(SO2CF3h, 

LiC(SO2CF3h, LiSiF6, LiBOB, and lithium difluoborate. For example, LiPF6 is used as 

a lithium salt, since it can provide high ionic conductivity and improve cycle 

performance. 

[0056] The non-aqueous solvent may be a carbonate compound, a carboxylic acid 

ester compound, an ether compound, other organic solvents or combinations thereof. 

[0057] The carbonate compound may be a chain carbonate compound, a cyclic 

carbonate compound, a fluorinated carbonate compound or combinations thereof. 

[0058] Examples of chain carbonate compounds include diethyl carbonate (DEC), 

dimethyl carbonate (DMC), dipropyl carbonate (DPC), methylpropyl carbonate (MPC), 

ethyl propyl carbonate (EPC), methyl ethyl carbonate (MEC) and combinations thereof. 

Examples of the cyclic carbonate compounds include ethylene carbonate (EC), 

propylene carbonate (PC), butylene carbonate (BC), vinyl ethylene carbonate (VEC), 

and combinations thereof. Examples of the fluorocarbonate compound include 

fluoroethylene carbonate (FEC), 1,2-difluoroethylene carbonate, 1,1-difluoroethylene 

carbonate, 1, 1,2-trifluoroethylene carbonate, 1, 1,2,2-tetrafluoroethylene carbonate, 

l-fluoro-2-methylethyl carbonate, l-fluoro-1-methyl-ethylene carbonate, 

1,2-difluoro-l -meth ylethylene carbonate, 1, 1,2-trifluoro-2-meth ylethyl carbonate, 

trifluoromethyl ethylene carbonate, and combinations thereof. 

[0059] Examples of carboxylic acid ester compounds include methyl acetate, ethyl 

acetate, n-propyl acetate, tert-butyl acetate, methyl propionate, ethyl propionate, 

y-butyrolactone, decanolactone, valerolactone, mevalonolactone, caprolactone, methyl 

formate, and combinations thereof. 

[0060] Examples of ether compounds include dibutyl ether, tetraethylene glycol 

dimethyl ether, diethylene glycol dimethyl ether, 1,2-dimethoxyethane, 

1,2-diethoxyethane, ethoxy methoxy ethane, 2-methyltetrahydrofuran, tetrahydrofuran, 

and combinations thereof. 

[0061] Examples of other organic solvents include dimethyl sulfoxide, 1,2-dioxolane, 
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sulfolane, meth y 1 sulfolane, 1,3-dimethyl-2-imidazolidinone, N-meth yl-2-pyrrolidone, 

formamide, dimethylformamide, acetonitrile, trimethyl phosphate, triethyl phosphate, 

trioctyl phosphate, phosphate esters, and combinations thereof. 

[0062] The positive electrode, the separator and the negative electrode are 

sequentially wound, stacked or folded into an electrode assembly, which is then placed 

into a packaging shell (for example, an aluminum plastic film), an electrolyte is injected, 

and the chemical conversion and packaging processes are performed to prepare a 

lithium-ion battery. 

[0063] It should be understood by those skilled in the art that the above-described 

method for preparing a lithium-ion battery is only an example. Other methods 

commonly used in the art can be used without departing from the disclosure of the 

present application. 

[0064] Since the separator is wound or stacked together with the positive electrode 

and the negative electrode, in a case that the above-described porous layer is formed on 

the surface of the positive electrode or the negative electrode, a corresponding technical 

effect can also be achieved. 

[0065] Some specific examples and comparable examples are listed below to better 

illustrate this application. In the following examples, reagents, materials, and 

instruments used are commercially available unless otherwise specified. Some of the 

parameters used in the examples and comparative examples are shown in Table 1 

below. 

[0066] Comparative example 1 

[0067] (1) Preparation of negative electrode 

[0068] 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 (deionized water) at a mass ratio of 92:3:5 to prepare 

a negative electrode slurry, then the negative electrode slurry is coated uniformly on 

both sides of the negative electrode current collector (copper foil), then a negative 

electrode active material layer is formed by drying the coated negative electrode 

current collector (copper foil) at 85 degrees Celsius, then cold pressing, slitting and 

cutting processes are performed and a negative electrode tab is welded so as to obtain a 

negative electrode. 
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[0069] (2) Preparation of positive electrode 

[0070] The positive electrode active matelial (lithium cobaltate (LiCoO2)), the binder 

(polyvinylidene fluoride (PVDF)), the conductive agent (conductive carbon black 

(Super P)) are dissolved in the solvent N-methylpyrrolidone (NMP) in a mass ratio of 

97: 1.5: 1.5. A positive electrode slurry is prepared by uniformly stimng the mixture, 

then the positive electrode slurry is coated uniformly on both sides of the positive 

electrode current collector (aluminum foil), then a positive electrode active material 

layer is formed by drying the coated positive electrode current collector (aluminum foil) 

at 85 degrees Celsius, and then cold pressing, slitting, cutting processes are performed 

and a positive electrode tab is welded so as to obtain a positive electrode. 

[0071] (3) Preparation of separator 

[0072] Boehmite is mixed with the binder (polyvinylidene fluoride), then the solvent 

N-methylpyrrolidone is added and the mixture is uniformly stirred to obtain a coating 

solution, and the volume ratio of the inorganic particles to the binder is 0.8. The coating 

solution is coated on the porous substrate (polyethylene) by means of dip coating to 

form a wet film. The porous substrate (polyethylene) with the wet film is immersed into 

the coagulating solution containing deionized water (third solvent) and 

N-methylpyrrolidone (second solvent) for phase transformation, with both the coating 

solution and the coagulating solution being at a temperature of 25 degrees Celsius. 

After being immersed in the coagulating solution for 30 seconds, the porous substrate 

(polyethylene) with the wet film is dlied in an oven at 60 degrees Celsius to obtain a 

separator with a porous layer. The mass content of N-methylpyrrolidone (second 

solvent) in the coagulating solution is 40%. The ratio of Dv90 of the inorganic particles 

in the porous layer to the thickness of the porous layer is 0.2. 

[0073] (4) Preparation of electrolyte 

[0074] A solution prepared with lithium salt LiPF6 and a non-aqueous organic solvent 

(ethylene carbonate (EC): diethyl carbonate (DEC): ethyl methyl carbonate (EMC): 

vinylene carbonate (VC) = 8:85:5:2, by a mass ratio) by a mass ratio of 8:92 is used as 

the electrolyte of the lithium-ion battery. 

[0075] (5) Preparation of lithium-ion battery 

[0076] An electrode assembly is obtained by winding the positive electrode, the 

separator, and the negative electrode, and then sealing, injection of the electrolyte, 
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forming, and suction molding processes are performed to obtain the lithium-ion battery. 

[0077] Comparative example 2 

[0078] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 3 .2 in comparative example 2. As can be seen in Figures 3-4, 

Figure 3 is an electronic microscope image (3000 times magnification) of pores of a 

lower surface of the porous layer in comparative example 2, Figure 4 is an electronic 

microscope image (10,000 times magnification) of the cross section of the porous layer 

in the thickness direction in comparative example 2. 

[0079] Example 1 

[0080] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.3 in Example 1. 

[0081] Example 2 

[0082] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.5 in Example 2. 

[0083] Example 3 

[0084] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8 in Example 3. As can be seen in Figures 1-2, Figure 1 is an 

electronic microscope image (3000 times magnification) of pores of a lower surface of 

the porous layer in example 3, Figure 2 is an electronic microscope image (10,000 

times magnification) of the cross section of the porous layer in the thickness direction 

in example 3. 

[0085] Example 4 

[0086] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 1.0 in Example 4. 

[0087] Example 5 
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[0088] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 1.5 in Example 5. 

[0089] Example 6 

[0090] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 2.0 in Example 6. 

[0091] Example 7 

[0092] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 3.0 in Example 7. 

[0093] Example 8 

[0094] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8, and the volume ratio of the inorganic particles to the binder is 

0.2 in Example 8. 

[0095] Example 9 

[0096] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8, and the volume ratio of the inorganic particles to the binder is 

0.5 in Example 9. 

[0097] Example 10 

[0098] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8, and the volume ratio of the inorganic pai1icles to the binder is 

1.2 in Example 10. 

[0099] Example 11 

[00100] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8, and the volume ratio of the inorganic particles to the binder is 
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2 in Example 11. 

[00101] Example 12 

[00102] The preparation method is the same as that of comparative example 1, except 

that the ratio of the Dv90 of the inorganic particles in the porous layer to the thickness 

of the porous layer is 0.8, and the volume ratio of the inorganic particles to the binder is 

3 in Example 12. 

[00103] Example 13 

[00104] The preparation method is the same as that of comparative example 1, except 

that the inorganic particles used in Example 13 are alumina, and the ratio of the Dv90 of 

the inorganic particles in the porous layer to the thickness of the porous layer is 0.8 in 

Example 13. 

[00105] Example 14 

[00106] The preparation method is the same as that of comparative example 1, except 

that the inorganic particles used in Example 14 are magnesium hydroxide, and the ratio 

of the Dv90 of the inorganic particles in the porous layer to the thickness of the porous 

layer is 0.8 in Example 14. 

[00107] Example 15 

[00108] The preparation method is the same as that of comparative example 1, except 

that the inorganic particles used in Example 15 are titanium oxide, and the ratio of the 

Dv90 of the inorganic particles in the porous layer to the thickness of the porous layer is 

0.8 in Example 15. 

[00109] Table 1 

Ratio of the Coagulating solution 
Dv90 of the Volume 

Solid 
inorganic ratio of the 

content Types of 
particles to inorganic 

in the inorganic content of 
the particles second 

coating particles second 
thickness of to the solvent 

solution solvent 
the porous binder 

layer 
Examp 

15% boehmite 0.3 0.8 NMP 40% 
le 1 
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Examp 
15% boehmite 0.5 0.8 NMP 40% 

le 2 
Examp 

15% boehmite 0.8 0.8 NMP 40% 
le 3 

Examp 
15% boehmite 1.0 0.8 NMP 40% 

le 4 
Examp 

15% boehmite 1.5 0.8 NMP 40% 
le5 

Examp 
15% boehmite 2.0 0.8 NMP 40% 

le 6 
Examp 

15% boehmite 3.0 0.8 NMP 40% 
le 7 

Examp 
15% boehmite 0.8 0.2 NMP 40% 

le 8 
Examp 

15% boehmite 0.8 0.5 NMP 40% 
le 9 

Examp 
15% boehmite 0.8 0.8 NMP 40% 

le 3 
Examp 

15% boehmite 0.8 1.2 NMP 40% 
le 10 

Examp 
15% boehmite 0.8 2 NMP 40% 

le 11 
Examp 

15% boehmite 0.8 3 NMP 40% 
le 12 

Examp 
15% boehmite 0.8 0.8 NMP 40% 

le 3 
Examp 

15% alumina 0.8 0.8 NMP 40% 
le 13 

magnesi 
Examp 

15% 
um 

0.8 0.8 NMP 40% 
le 14 hydroxid 

e 
Examp 

15% 
titanium 

0.8 0.8 NMP 40% 
le 15 oxide 

Compa 
rative 

15% boehmite 0.2 0.8 NMP 40% 
Examp 

le 1 
Compa 
rative 

15% boehmite 3.2 0.8 NMP 40% 
Examp 

le 2 

[00110] Next, the performances of separator and lithium-ion battery are tested. 
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[ 00111] ( 1) Thickness test of porous layer 

[00112] Separator samples are placed on a thickness gage (Model VL-50 LITEMATIC 

from Naitutoyo company) using a 5mm flat bottom probe with a speed of 50mm/min 

and a pressure of 0.0 lN. Each of the separator samples provided with a porous layer is 

measured for 60 thickness points, and the average thickness is taken as the measured 

value. The thickness of the porous layer is equal to the thickness of the separator minus 

the thickness of the porous substrate. In a case that there are two porous films, the 

thickness is divided by 2 to obtain the thickness of each porous layer. 

[00113] (2) Gas permeability test of porous layer 

[00114] A 100mm x 100mm separator sample provided with a porous layer is cut and 

tested using a US Gurley 4110N Densometers with 100cc test gas, and the period that 

the test gas passes completely through the separator sample provided with the porous 

layer is recorded as a Gurley value. The Gurley value of the porous layer is equal to the 

Gurley value of the separator provided with the porous layer minus the Gurley value of 

the separator without the porous layer (i.e., a pure porous substrate). 

[00115] (3) Porosity test of porous layer 

[00116] The length, width, and thickness of a separator sample provided with a porous 

layer are measured, and the thickness of the porous layer is obtained by subtracting the 

thickness of the porous substrate (polyethylene) from the thickness of the separator, and 

the apparent volume Vl of the porous layer is obtained by calculation. The true volume 

V20 of the separator sample provided with the porous layer is measured using a true 

density meter (AccuPyc II Model 1340 Gas Pycnometer, Micromeritics Company), and 

the true volume VO of the porous substrate (polyethylene) of the same area is measured. 

Then, the true volume V2 of the porous layer is equal to V2=V20-VO, and the porosity 

of the porous layer is equal to l-V2/Vl. 

[00117] (4) Rate performance test of lithium-ion battery 

[00118] At 25 degrees Celsius, the lithium-ion battery is discharged to 3.0 V at a 

constant current of 0.2 C, rested for 10 minutes, then is charged to 4.4 Vat a constant 

current of 0.7 C, then is charged to 0.02 C at a constant voltage of 4.4 V, rested for 

lOmin, and is further discharged at a constant current of 0.2 C until the voltage reaches 

3 .0 V. The discharge capacity at this time is measured and recorded as Q 1. Then, the 

lithium-ion battery is charged to 4.4V at a constant current of 0.7 C, and then charged to 
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0.02 Cat a constant voltage of 4.4 V, rested for 10 minutes, and then is discharged at a 

constant current of 2 C until the voltage is 3.0 V. The discharge capacity at this time is 

measured and recorded as Q2. 

[00119] 2 C/0.2 Crate performance(%) of the lithium-ion battery is equal to Q2/Ql x 

100%. 

[00120] (5) Cycle performance test of lithium-ion battery 

[00121] At 25 degrees Celsius, the lithium-ion battery is charged to 4.4 Vat a constant 

current of 0.7 C, then charged to 0.02 C at a constant voltage of 4.4 V, rested for 10 

minutes,and discharged to 3.0 Vat a constant current of 1 C, rested for 10 minutes. The 

discharge capacity at this time is measured and recorded as Q3. The above-described 

steps are regarded as one cycle of charge and discharge. 200 cycles are performed, and 

the discharge capacity after 200 cycles is recorded as Q4. 

[00122] The capacity retention rate(%) of the lithium-ion battery after 200 cycles is 

equal to Q4/Q3x100%. 

[00123] The test results of examples and comparative examples are shown in Table 2 

below. 

Table 2 

Gurley 
Thickness 2C/0.2C 

Capacity 

Porosity of value of retention 
of porous rate 

porous layer porous layer rate after 

(s/l00cc) 
layer (µm) performance 

200 cycles 

Example 1 48% 53 2 79.50% 85.70% 

Example 2 50% 42 2 83.70% 92.80% 

Example 3 52% 30 2 87.50% 95.60% 

Example 4 53% 28 2 84.60% 93.10% 

Example 5 54% 25 2 82.50% 91.20% 
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Example 6 56% 20 2 81.70% 85.20% 

Example 7 57% 18 2 80.40% 82.70% 

Example 8 46% 57 2 81.10% 87.20% 

Example 9 49% 43 2 82.80% 91.70% 

Example 3 52% 30 2 87.50% 95.60% 

Example 10 54% 25 2 83.10% 91.30% 

Example 11 56% 21 2 81.50% 88.80% 

Example 12 59% 16 2 79.70% 83.80% 

Example 3 52% 30 2 87.50% 95.60% 

Example 13 50% 43 2 84.40% 92.90% 

Example 14 52% 31 2 86.90% 94.30% 

Example 15 51% 36 2 84.10% 91.30% 

Comparative 
45% 70 2 69.80% 70.50% 

Example 1 

Comparative 
60% 16 2 71.30% 72.60% 

Example 2 

[00124] As can be seen from a comparison among examples 1-7 and comparative 

examples 1-2, the ratio of Dv90 of the inorganic particles to the thickness of the porous 

layer has an effect on the rate performance and cycle performance of the lithium-ion 

battery, and the probability of pore blockage due to compression swelling in the porous 
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layer can be reduced effectively by controlling the ratio of the Dv90 of the inorganic 

particles to the thickness of the porous layer to be in a range from 0.3 to 3.0, so that the 

rate performance and cycle performance of the lithium-ion battery can be effectively 

improved. If the ratio of Dv90 of the inorganic particles to the thickness of the porous 

layer is too high (for example, comparative example 2), the pore size distribution of the 

porous layer tends to be non-uniform, the surface of the porous layer is heterogeneous , 

the porous layer is easily detached from the surface of the porous substrate, and defects 

are formed in the energy storage device (such as a lithium-ion battery), which is not 

advantageous for the improvement on rate performance and cycle performance. In 

addition, if the ratio of Dv90 of the inorganic particles to the thickness of the porous 

layer is too high, the adhesive force of the porous layer is reduced relatively, affecting 

the safety performance of the energy storage device (such as a lithium-ion battery). If 

the ratio of Dv90 of the inorganic particles to the thickness of the porous layer is too 

low (for example, comparative example 1), the inorganic particles cannot be effectively 

exposed on the surface of the porous layer, which does not facilitate an exchange of the 

first solvent in the coating solution and the third solvent in the coagulating solution in 

the preparation process of the porous layer, cannot enhance diffusion, is not 

advantageous for the development of the pores, and is also not advantageous for the 

improvement of the rate performance and cycle performance. 

[00125] As can be seen from the comparison among Example 3 and Examples 8-12, 

the volume ratio of inorganic particles to the binder has an effect on the rate 

performance and cycle performance of the lithium-ion battery. An increase of the 

volume ratio is advantageous for an exchange of the third solvent in the coagulating 

solution and the first solvent in the coating solution and the increase of the porosity of 

the porous layer. If the volume ratio of inorganic particles to the binder is too low, the 

porosity of the porous layer is decreased, the gas permeability of the separator 

deteriorates, and the rate performance of the lithium-ion battery is not significantly 

improved, which is not advantageous for the improvement of the rate performance and 

cycle performance. If the ratio of the volume ratio of the inorganic particles to the 

binder is too high, the adhesive force of the porous layer is reduced, gaps are easily 

formed between the separator and the electrodes, the hardness of the lithium-ion battery 

is reduced, and thus the rate performance and the cycle performance are not 

significantly improved. 
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[00126] As can be seen from the comparison among Example 3 and Examples 13-15, 

the use of various inorganic particles can improve the rate performance and cycle 

performance of the lithium-ion battery, and the types of inorganic particles used have 

less effect on the rate performance and cycle performance of the lithium-ion battery. 

[00127] It should be understood by those skilled in the art that the above-described 

examples are only illustrative examples and should not be construed limiting the 

application. The various changes, substitutions, and alterations could be made to the 

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

1. A separator, comprising: 

a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous layer 

comprises inorganic particles and a binder, and a ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer is in a range from 0.3 to 3.0. 

2. The separator according to claim 1, wherein the porous layer has a thickness of 0.2 

µm to 10 µm. 

3. The separator according to claim 1, wherein the porous layer has pores formed by the 

binder, and the pores at least comprises a part of the inorganic particles. 

4. The separator according to claim 3, wherein the pores have an average pore size of 

0.3 µm to 20 µm. 

5. The separator according to claim 1, wherein a volume ratio of the inorganic particles 

to the binder is in a range from 0.2 to 3.0. 

6. The separator according to claim 1, wherein the porous layer has a porosity of 20% to 

90%. 

7. The separator according to claim 1, wherein the inorganic particles are one or more 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, 

hafnium dioxide, tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium 

oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and 

barium sulfate. 
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8. The separator according to claim 1, wherein the binder is one or more selected from 

the group consisting of polyvinylidene fluoride, vinylidene 

fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, 

polyacrylic acid, polyacrylates, sodium carboxymethylcellulose, polyvinylpyrrolidone, 

polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene and 

polyhexafluoropropylene. 

9. An energy storage device, comprising the separator according to claim 1. 

10. The energy storage device according to claim 9, wherein the energy storage device 

is a lithium-ion battery. 

11. A method for preparing a separator, wherein the method comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; 

coating the uniform coating solution onto a surface of a porous substrate to form a wet 

film; 

immersing the wet film into a coagulating solution for phase transformation; and 

drying the phase-transformed wet film to obtain the separator. 

12. The method according to claim 11, wherein the solid content in the coating solution 

is in a range from 7% to 25%. 

13. The method according to claim 11, wherein the coagulating solution comprises a 

second solvent and a third solvent, and the second solvent has a mass percentage of 20% 

to 60%. 
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14. The method according to claim 11, wherein the first solvent is one or more 

independently selected from the group consisting of N-methylpyrrolidone , 

dimethylacetamide and dimethylformamide. 

15. The method according to claim 11, wherein the porous substrate comprises a 

polymer film, a multilayer polymer film, or a non-woven fabric formed by any one or 

more of the following polymers: polyethylene, polypropylene, polyethylene 

terephthalate, polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, 

polyamide, polyimide, polyetheretherketone , polyaryletherketone, polyetherimide, 

polyamide imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, 

cycloolefin copolymer, polyphenylene sulfide, and polyethylene naphthalene. 

16. The method according to claim 15, wherein the polyethylene is at least one selected 

from the group consisting of high density polyethylene, low density polyethylene, and 

ultrahigh molecular weight polyethylene. 

17. The method according to claim 13, wherein the second solvent is one or more 

independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide, and the third solvent is one or more 

selected from the group consisting of deionized water, ethanol, propanol, acetone, 

dimethyl carbonate and diethyl carbonate. 
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ABSTRACT 

The application provides a separator and an energy storage device. The separator 

comprises: a porous substrate; and a porous layer arranged on a surface of the porous 

substrate, wherein the porous layer comprises inorganic particles and a binder, and a 

ratio of Dv90 of the inorganic particles to the thickness of the porous layer is in a range 

from 0.3 to 3.0. Excellent adhesion exists between the separator and the electrode 

according to the present application, which ensures that the energy storage device has 

good safety performance. Moreover, the rate performance and cycle performance of the 

energy storage device can be greatly improved due to the existence of inorganic 

particles in the separator. 
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FIG.1 

FIG.2 
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FIG.3 

FIG.4 
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Abstract of CN205004376 (U) 

H01M2.116 

Toe utrnty mode! provides a power battery's ceramic !so!ation membrane module for 
electric automobile, this power battery's ceramic isolation membrane module for electric 
automobile includes: PP membrane layer, the symmetry sets up t¼!o inorganic ceramic 
!ayern of PP membrane layer both sides, the symmetry sets up the tie coat !n two 
inorganic ceramic !ayer outsides. The beneficial effects of the utrnty model are that: the 
stabrnty ofthe heat of diaphragm is improved, mechanlcai properties is used for putting 
forv,n1rd unfamiliar high temperature resistance, security, cycle life, low self discharge 
nature, 
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Espacenet 

Pore~formh1g cernmk: iso~athig membrane of Uthium km battery and preparation 
method thereof 

lnventor(s): GAO XUEYOU ± (GAO XUEYOU,; ~~~) 

AppHcant(s): SHENZHEN TAIBAI TECHNOLOGY CO LTD ± {SHENZHEN TAIBAI 
TECHNOLOGY CO., LTD,; ~:tiHm~s~Hiif!iii~i§'J) 

Classification: - international: 
- cooperative: 

Application 
number: 

CN20131391112 20130830 

Priority CN20131391112 20130830 
number(s): 

Also CN103474602 (6,)_ 
published as: 

Abstract of CN103474502 {A) 

H01M2/16 

Global Dossier 

The invention discloses a pore-forming ceramic iso!ating membrane of a lithium ion 
battery, The pore-forming ceramic !so!at!ng membrane comprises an !so!at!ng membrane 
base material, wherein a porous ceramic coating is coated on single surface or double 
surfaces of the isolating membrane base material; the porous ceramic coating is formed 
bycoating a sizing agent which contains nanometerceram!c powder, a blndlng agent as 
we!! as a pore-forming solvent on the isolating membrane base material, wherein dosage 
ofthe nanometer ceramic powder, the binding agent, a stabil!zing agent and the pore­
forming solvent in the sizjr:.g agent is respectively as follows in parts by weight: 88-93 parts 
of the nanometer ceramic powder, 4--65 parts of binding agent powder, 1-i-5 parts ofthe 
stabl!izjng agent, and 2-4 parts of the pore-forming solvent. According to the pore-forming 
ceramic isolating membrane ofthe lithium !on battery disclosed by the invention, an 
absorption rate of eiectro!yte ls improved by improving a ceramic sizing agent, thereby 
facrntating transfer ofi!th!um ions better, increasing inventory ofthe electrolyte in the 
battery and increasing hardness of the battery, Meanwhile, the problems that the ceramic 
!ayer is easy to drop on the isolating membrane and the coating thickness or the surface 
density is uneven are sowed by the porous ceramic membrane coated by the nove! sizing 
agent, and therefore, the safety performance ofthe battery is improved. 
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2 AR;}Jk f5l ~1J ~ ;J-<.. I foJT i&. aJ.; F~ ~ Rl , Jt- it , foJT i&. j .:JL ~ €r,J 4 Jt. ;h o .2~ Io µm 0 

3 . tR;}Jk f5l :f 1J ~ ;]-<.. I J>JT i&. aJ.; F~ /ij Rl , Jt- it , J>JT i&. j .:JL ~ Jl-~ d7 ;f& it fi1J -JfJ 

A €r,J .:JL , foJT i&. .:JL it e, .t-&-Jt :fll, ;r~ ;l:i o 

10 4. tR ;},% {5l :f 1J ~ * 3 P}T i&. aJ.; F~ ~ Rl ' * it ' P}T i&. .:JL aJ.; -f- :!±J .:JL 1~ jJ 

0.3µm~20µmo 

5 . tR;}Jk f5l :f 1J ~ ;J-<.. I foJT i&. aJ.; F~ ~ Rl , Jt- it , foJT i&. Jt ;,f:Jl, ;r~ ;l:i '=I foJT i&. ;f& M fi1J 

{r,J#;..:fR vr.1n::h o.2~3 .o 0 

6. tR tlk f5l :f 1J ~ ;]-<.. I J>JT i&. €r,J F~ ~ Rl , Jt- it , J>JT i&. j .:JL ~ aJ.; .:JL F* * ;h 

15 20%~90%0 

7 ARt/kfx.:f1J~;J-<.. I foJTi&. €r,J F~ ~ Rl, -1-- it, foJTi&.Jt;f:Jl,;¥~;1:i~ m .fvftAg. 

~~~~- ~~~- ~~~-~~~~- ~~-- ~~*-~~~#. ~ 

~-- ~~#- ~~~- ~*~- ~~~~- ~~~~- ~~~~~~-
4Y! it aJ.J -# A j # o 

20 8 AR;}Jk {5l :f1J ~ * I P}T i&. aJ.; F~ ~ Rl ' * it ' P}T i&. ;f& it fi1J ~ m • 1~ '" CJ •. 

~'" CJ :J',4, -* '"~ :J',4, aJ.; ~ .4h • • ~~ •• ~ :J',4, Mt •• ~ :J',4, Ii iffi~ •• ~ :J',4, •• 

·~--~--o/£.~~~~- ·CJ-~4~M. ·CJ-~. •o/£.~­
fto/M. •~'"CJ·~•*'"~•it€r,J-#Aj#. 

9. -#1it" 1i~ 3ltJI, e.J-&-tRtlk f5l:f1J~;J-<.. I £ 8 it 1±-J:_m J>JT i&. €r,J F~ ~. o 

25 I O. tRtlk f5l :f 1J ~ ;]-<.. 9 J>JT i&. €r,J 11½ 11~ 3lt JI , -1-- it , J>JT i&.1it- 11~ 3lt JI ;h 4:l. ~ -f-

~ ~ o 

I 1. -# ~lj ~ F~ ~ Rl €r,J ~ * ' * it ' P}T i&. ~ * e. .t-&- iV ~ : 
~Jt~ffi~'=J~MM~¼, ~A--~M*M#~~,~~*~~; 
~~i!.*~~*~11-j~.£.#€r,JAliiJ, ~A~•; 
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12. 1Rt%:t5l:f1J~i]<.. 11 fo)f~a¢Jjf~!-, Jt-t, foJt~ ✓-~~~t ~ ~¼i_J; 

7%~25%0 

5 13. 1Rt% :f5l ;f1J ~ * 11 P)T ~ ~ jf * ' * t ' P)T ~~ ~ ~ e..t-&- - ~ ~*1J :fP 

- -=-~*iJ, fo)f~-~)~*1J ~;gt_;_~~,¼_;_ jJ 20%~60%0 

14. 1Rt%:t5l:f1J~i]<.. 11 .§\ 13 P)T~ ~ jf *' * t' P)T~- -i~*1J :fP P)T~ 

-~~M~~~~~~~~~£~4~M.~~£G~~~~~£~~~ 

t~-#.§\j#, ffl~--=-~M~~~~~*· G~. ~~. ~M.•& 
10 ~ ~ @l~~»Jlt@~ G @l~ t a¢J-# .§\ j # o 

15ARt%:t5l:f1J~i]<.. 11 foJt~~jf*, foJt~f-1l£*te.J-&-r:-J. r1£-#1rZ.¼ 
~.§\~#~~~~¼~~A~1rZ.¼~a. j~1rZ.¼~a . .§\~~~: 1rZ.G 
•. -~-. -~+~~-G~~-. 1tZ.+~~~+~~. -~+~~­
T~~-.••. 1tZ.~§. -~~. -~~~. -~~M. 1tZ-*~M. 1tZ. 

15 ~~~~. -~~~~~. 1rZ-+fr~i,,(.l. 1rZ.~ZJA.. 1tZ.+~. J~:J';ifi1~~ 1tZ.4h. 
1tZ.+»Jft.~~- G:J';ifi$o 

20 

16ARt/l.:t5l:f1J~i]<.. 15 P)T~ ~ jf *, P)T~- G:J';ifi~ ~ ~ ~ £1tZ. G :J';ifi. 1~ 
~£1rZ.G-~M~~~_;_1rZ.G•t~£o/-#~~o 
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5 .it_;if{.~~ 

~t•~a~~~•~~, ~~~~, ~a~~-~~~~•-

it¾" -it. ;if{. 
;Jf 7j<. *'- ~ik ~ ~~At JJtl )t. 4£ ~-f- ~~~YA* ij~ _;_ !Bf ff_~' 1¾*•t1.1i~-Jtt~4t 

10 •t1.' r ~ffe Jf] T J£ie;~ ~ ~' ~t,?ii!J;tm~:;L, ii11~*JL~+*JL~1:t.-:ti ~ -f-R~ 0 

~~4~«~-f-~~*~~~~A4~~~~~, ~~$~«~-f-~~~ 

~~~~--~-f-~~~-~~U~, ~·£~~~*~' ~#~~~­

~M½?±M~,*~«~-f-~~~-~$~~~,~~~~Jt-~JfJ*♦-

~~, ~~-#~~~-M~~~-~~#~M~M~R4~~~-~-f-

1s ~ ~aJ.i1~JfJ *♦. 

2tRJ¾ P-1 * 
~o/-~~T-#~~-~~~~I, ~o/-~~~~~-~~~~ 

M~~~-~~#~M~M~RM, ~A~~~#~~-~~#~M~-Jtt 
20 ~ ;fJ; ~t :h , ~ at~ t * aJ.J f~ ~ Rl ~ ~1! # aJ.i -1L ~t ttJ 1i~ ~J ~ ~ ~t 1i~ ~ I aJ.J 1¾ * 

•t1. ij~ :fO. ~ 1f1. ij~ o 

~o/-~~~1f1-t)t~T-#f~~Rl, ~.t~: ~-1L£#; v:i.a~-1L~, 
i~I~rJti£.~ -1L£it~ ~ dQ, rJti£.~ -1L~ ~.t~ JG*JLJ-Ji;f.!1.:fO*J; ~t1f1J, rJti£.JG 

*JLJ-Ji;;jc.!1. aJ.; Dv90 ~ fo}T i£.~ -1L~ 4 Jt. aJ.; ~ti 1ii~ 0 .3~3 .0, fo}T i£.JG*JL:W-Ji1.!1. aJ.; Dv90 

2s )t. -t~ ~ ~ ;f_g £ ✓11 ~ 1.!1. Jt. ~ ~ ~ , J-,A.., J-1.!1. ;f:i 1w1 ~ , it Itl ~ ;f_g n< ;f~ 9 o % aJ.i 1.!1. 1:i • 

~J:.:i£.f~ ~a~, Jt- ~, foJT:i£.~ -1L~~!J-Jt.~ 0.2~10µm. 

~J:.:i£.~~-~' Jt-~, ~:i£.~~~~~~~MM~A~~' ~:i£.~ 
~ ~ .t~ JG *JL 1-Ji ;;jc.!1. 0 

~J:.:i£.f~~-~, Jt-~, foJt:i£.-1LaJ.;-f-!±J-1L;f:i~ 0.3µm~20µm. 
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~~~~~at, *t, ffl~~~-~~ffl~~MM~~~~~~ 
0.2~3.0o 

~~~ F~ ~at, * t, foJt~j .:rL,,§;-~ -1L F,~ ~ ~ 20%~90%0 

~~~~~•t, *t, ffl~~~-~~m~~~-~~~~- ~~ 

5 ~- ~~~- ~~~*- ~~-- ~~*-~~~#. ~~~- ~~*­
~~~- ~-~- ~~~~- ~~~~- ~~~~~~-~t~-#~j 

#o 
~~~F~ rffia t, *t, fo)f~;f&tt1f1J~ m ,it~~ CJ •. 1~~ CJ!•-*~ 

~-~~,it~.,it~~-1it~•--1it~•-•·1it~•-·1it~•-~-
l o fk lf £. tf tf! -#>ffJ • ,it CJ 1. 11tt ~ ;k;t ijM . ,it CJ • • • ,it lf £. ~ 1. ii lf ifil~ • ,it m 

~CJ-~,it-k~~-t~-#~§#. 
*t•~~~T-#~~~I, ~~~~~~-0 
~~~~~~It, *t, ffl~~~~I~«~~~~. 
*t•~~~T-#~~~~-~~*' *t, ffl~~*~~ffea: 

15 ~f ~ i=Jt. i~ t.!1. ~ ;f& tt 1f1btt. ¼ , hri A. -it-1f1J fr Jjt .f-r- HJ 5J , 1f .f U ,~ ~ ;:rl ; 

~f fo)T ~~ ~ ::rl,~ ~ ~ j .:rL£.tt aJ.J ~ oo , 7fJ ~ i~JJl; ~f fo)T ~ i~ a ,~A.fU iM. l!J 
::rlt~ff~#~; ~~#~~~-~-, ff~~~-0 

~~~~*t, * t, fo)T~~~:=rl t ~ l!J¾ i_ ~ 7%~25%0 

~~~~*t, *t, ffl~•l!J::rl~~-~it-M~-~it-M, ffl~-
20 ~~~1f1J aJ.i Jfff ;_ 11 j}¾ ;_ ~ 20%~60%0 

~~~~*t, *t, ffl~•-it-M~ffl~•~it-M~m~~~~m 
N-lf £.vtt~tt,ijM ( NMP). ~ lf £. CJ~~( DMAC ):fP~ lf £. lf i$t.~( DMF) 

t~-#~j#, ffl~-~it-M~m¾rffi~*· CJ~.~~- ~M.•& 
~lf•~--~CJ•t~-#~j#o 

25 ~~~~*t, *t, foJt~j -1L£.tt~.f;§-i,A r1:f:--#1it.¼4h~ifJJ#i,A 

~~~¼~~~~1it¼~a.§,,§;-,it¼~•-~~~~=1it.CJ•-•~•-
1it~~~lf•CJ~~•- ,it~~lf~~~~. ,it~~~lf•T~~-. 1it 
Q. ,it~~- ,it~~- ,it~~~. 1it•MM. 1it*MM. 1it.Mi$\:.~~. ,it 
i$\:.~~~~- ,it~-#-~~- 1it.M~. ,it~--~-~~,it~. ,it~~-~ 
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.C.:f~ffe-o 

~~~~*t, ~t, ~~·l..·~~~~£•t.•.~~£•t.· 
~-~~~~·G•t~£~-#~~o 

~t•~~--~~#~MJl-~~*~~~~, *~~~~IJl-~~ 

5 :kt~¾±•t1.ii~, ~ atf~ •• ;Rdoi9:I~ ~ .:IL&, ~ .:fL&t aJ.i.:fL~¾aJ.iJt.;j:Jt; 

ffi~~~~~~~~#~m, ~~~*~~#~~~~~, ~~~••£ 
5-. J£ im ~ .:IL YA &.~ni~ .:IL aJ.i ifirt*, 1~ 1* ii~~ I Jl-~ ~ ~ ~ ~ ~ -!r-*, fll k. 

J-il!i.fll ~ i!ii~~I ~1¾-$-•t1. ij~:fP1Ri ~•t1. ii~ 0 

10 JJf.t IJl -j,Ji. '!ij 

[!] 1 jJ ~~151 3 ~ ~ .:JL&r ;Rdo ( flp ~ .:JL&:izl• ~ ;JL,£.*:r~.:Rdo) ~ 

.:JL~ ~ttr!J ( 3000 1¾) ; 

r!J 2 j; ~~151 3 a~~ .:JL& 5g. 4Jt.~ ~ ~il~ do~~ 1t r!J ( 10000 1¾ ) ; 

[!] 3 jJ ~ J;r.151 2 ~ ~ .:JL& r .:R do ( flp ~ .:JL&:izl. ~ ;JL,£.*,t ~ .:R do ) ~ 

15 .:JL~ ~it[!] ( 3000 1¾) ; 

r!J 4 jJ j{t J;r.151 2 a~~ .:JL& 5g. 4£~ ~ ~ il~ do~~ 1t r!J ( 10000 1¾ ) o 

-A-~~~~~ 

r do# tm it.~ J-tl!i iJL aJJ ~ 11~ •t1. ~ ~ 11~ , ~ tt, i!. Jtl:. ~ 11~ •t1. ~ ~ 11~ ar YA m 
w ~~~~A*~~, *A, ~~~M#j;~~~~t•~~~~i!.~~~ 

~o~~,-~i!.~~~~~~~~~*~t•¾~~A~~~, ~&.* 

~t•~~~iE.~~#~~~~~~£~~AJo 

rdo#~~~~-~t•~~~-&.~~~~*~~~~Io 

~ t *~-~do ~ f~. a ~;J--&-~ ;JL,£.*,t YA&.~ .:JL& o ~ .:JL&i9:I~ ~ 

25 ;JL,£.t,t aJ.i ;R do , Jl.-1$.. ~ , ~ .:JL&i9:I ~ ~ ;JL,£.t,t aJ.i -1--.:R do , .§X. ~ .:JL& ~ 

ati~ I~ ~ .:IL,£. *:r ~ ~ 1--.:R do , .§X. ~ .:IL& i9: I~ ~ .:IL,£.t,t aJ.i --¾F ~ .:R do o 

~~£#~~~T~-#·½~.§X.~#~~~£½~~A~•½~a. ~ 

&•½~-- .§X.}c.#~: .l.. •. ·~-- ·~~~~-l..~~-- ·~ 
~~~~~~. ·~~~~-T~~-.•.. ·~~. ·~~. •~~ 
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~- ·••M. •*•M. ---~~- --~-~~- •+*~~-. •~- •+•-~-~~-~- •+a•~•G•$o ~~•G•~m~ ~~-G-.~~~-G-~~~~~~-G-~~£~-#tt~o 
,,ff. ;f.. t it a'-J ~ ~ 11,J ~ , -HJ A ,,ff. ~ .:JL£At ~ ~ ~ .:JL ,,§;- e?.. J--t-;/:Ji ~int1J :f P Jt i=JL 

5 ,~ 3f.!1. 0 ~ .:JL ,,§;- J!.-~ lb ;j:J; ~t 1f1J -HJ A a'-J .:JL ' .:JL ~ e!.. J--t-3t i=JL ,~ 3f.!1. 0 JG i=JL ,~ 3f.!1. a'-J Dv9O 

~ ~ .:JL ,,§;-~ 4 £ ~t.1.u JJ o. 3 ~ 3 . o , Jt i=JL ,~ ;/:.!1. a'-J Dv9 o k_ -t~ ,,ff.* :fR £. )'fi a'-J ;/:.!1. £ 

~~~' j.).._,J--t.!1.1~191tl~. :iZS.fU*:fRJ~ 9O%~:f.!1.i~o ;j:J;~t1f1J~ m •m~G 

•. 1itJ~G--*~~-~~-~- --~- -~-~--~•-·· -~ 
••. -~--~--lf£.~~•~--G-~4~M .• G ••.• lf 

10 £. ~1~n1t lf &i~. •m ~ G•~•* ~~1• ~ ~-# ~~ # 0 ;/:JiM1f1J 11~~-tJt 

~~~x~~~~~M~oo, ~~~~-~~x~~~Mn, ~~~~I 

( 11~ 1o4:l. ~ ~ ~ ~) J!.-~ ~ ~ a'-J ¾½•t1.1J~ 0 

~ ;JL,,§;- ~ a'-J .:JL1~ f~ ~ -J!.-~ 1i-Jtt~ ~ ~~;jf 1fi~o/}._~i_ 1J~ n, Jlt ~ T f~ 

~ JJl ~ ~ ~ ~ -!f-*, .M..ifi7ttTJlt~1il1J~~I C 11~104:l. ~ ~ ~ ~) ~-i'}; n ~•t1. 

15 11~ o ~ .:JL,,§;-~ -f- HJ .:JLi~ ~ ,J-- -f- O .3 µm, i!. 1~ 1-f f~ ~ a J!.-~ R ¾f ~ ~~~;rt 
1fi~3/1._*~n,$t~T~~-~~~~-!f-., ~~~~~~,.M..rfi7tif$t~ 
~ii~~I ( 17~1o4:l. ~ ~ ~ ~) ~ -i9J n ~ •t1. ii~ o ~ .:JL,,§;-a'-J .:JL Fi. tif j; 20%~90%0 

,,ff. ~ .:JL ,,§;- a'-J .:JL ~ ~ ~ ~ JG i=JL ,~ 3f.!1. ii~ ~J ~ ~ .:JL ,,§;-~ .f U 1i -Jtt a'-J i=JL;J<,R 3i:.. ;ff ft 
m, ~~~~,,§;-,,tf.~~~Ic~~«~~~~)~~ittu~£~~~~ 

w ~, ~~~~,,§;-~~~-~oJG~ffi~k_ffim~~~¼A~~¼~~ttA 

-HJ :f P ~ )jji :J:)t ~t ~ JJr;i i tt :f.¥. ~1J A a'-J - ~ JG i=JL ;J f ½ £ *t 7f4 0 Jt i=JL ,~ *.!1. ~ m fc..1-ti 

~-~fc..~~-fc..~«.fc..~~-~fc..~~-fc..~~-fc..~*-~fc..~~­
~~-- ~~#. ~~~- ~-k. ~~~~-~~~«.~~~~~a 
-~~~-#~~#o Jt~ffi~tif~¼~~~'t~m, ~~~£.o¼~~ 

25 ,t1. rt ii~ m ~ JG i=JLJ~ t.!1. ~ ~ oo ~Jt. JJ; ,,ff. ~1J ~ tt:fx ~ -1=i « l!1 ~ fk1 a'-J ;Jf ~1f,J c ~ 

-=-- ~1f1J ) ~t ¼ , ~ :f 1J -f- ;J f ~ 1f1J ( ~ -=-- ~1f1J ) ~ ~ JG i=JL J~ 3f.!1. ~ oo .tt -ti ill A~ 

.:JL ,,§;- , 1-}.._ m1 ,,ff. Jt i=JL ,~ t.!1. a'-J l¾'t m:.-HJ A~ k. a'-J .:JL , 1-}.._ m1 -tJt -ft 1i½ 11~ ~ I c 171 1o « 

~ ~ ~ ~) ~ -;;JJ n ~ ,t1.11~ 0 * -t-« l!l ~ ~ a'-J ~ ;Jf ~1f,J c ~ -=--~1f,J ) , ~t ,,ff. 
r do ill 1-fi}L a}] 0 
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,,tf. ;$. o/ -it aJ.; ~ ~ 1fu i:f=1 , 3/ ;JL ~ i:f=1 aJ.; JG :-i=JL :W~ tit:. EJ *,!; M 1f1J aJ.; ~ i=R 1;r.1A J:; 

0 . 2~ 3 . 0 0 Jf :k JG :f}L ,~ jf'SL E; *,5 ~t 1f1J a'-J ~ ;y:;; I;r.1A ' 7rf ll}J T .flt. -fr ~ ~ i1l V'l a'-J ~ -

~ 1f,J EJ ~ l!I '1l r;kJ a'-J ~ _;.. ~ 1f,J aJ.; 5(. -t~ , 3/ -1L ~ aJ.; -1L r.~ ~ :t:f ;IJri , a. z 3/ -1L ~ aJ.; 

;JL Fi¥-~ F.$-1~ o -:ko * JG :-i=JL :W~ tit:. ~ *,!; ~t 1f1J aJ.; ~ i=R 1;r.1n ii , l· , JJ1J 3/ ;JL ~ a'-J -if- :t:1:j ;JL 

5 1~,A,1--, .JLF>¥-~F$-1~, ifJ.ILJG:-i=JL:W~tit:.¼x F$-1~, 3/ -1L~a'-J:-i=JL:ti~!Jt.:f11~*& 

•t1. ii~ F.$-1~; -:ko *JG:-i=JL:W~;;rit:. ~ *,!; ~t 1f1J aJ.; ~iR 1;r.1nii :k, 3/ ;JL~ aJ.; *,!; ~t jJ F.$-1~, 

3/ ;JL~$.$iJ.J,..3/ ;JL,£.t,taJ.;$-doWL1t-, -!f-Jk1ilii~~J[ ( 1fu-:ko4£~--t-~~) aJ.; 

¾1:--•t1. ii~ 31:. ft 0 

3/ ;JL~ aJ.; 4 Ji. J:; 0 .2 µm - 10 µm, Jt- i:f=1 , * 3/ ;JL~ aJ.; 4 Jt..$.t :k, JJ1J 3/ ;JL 

1 o ~ aJ.; :ii: ~ •t1. ii~ 31:. ft , ½ F.$-1~ 1* ii~~ Ji. ( 1fu 1° « ~ --t- ~ ~ ) a'-J -iJJ jJ ~ •t1. ii~ , 

* 3/ ;JL ~ aJ.; 4 Ji. .$.t 'J-. ' yJiJ 3/ ;JL ~ a).; *,5 M jJ F.$-1~ ' r~ ~ JJl :fP if},l it z la] $. $i tl:: 

~M~,~~~JLC~~•~--t-~~)aJ.;~Jt.f$-~, -!f-ft~~~JLC~~ 

4£ ~ --t- ~ ~ ) aJ.; ¾1:-- •t1. 11~ 31:. ft 0 

Jl:t 7f , ,,tf. ;$. o/ -it a'-] ~ ~ 151 i:f=1 , im. ii){t JG :-i=JL:W~ j(SL aJ.; Dv90 ~ 3/ ;JL~ 4 Jt. aJ.; 

15 1;r.1n aJ.; 4~ ~1J, tif JtA 1f lU -if- :t:1:j -1L1~ .$.t :k aJ.; ;JL, ,,tf. ~ fiW. i,flJ~3>t i:f=1 , 3/ ;JL~ i:f=1 aJ.; 

~MMC~~-~~G-)~±~*~' $i&~~~ff~.$.t3/aJ.;~M,~ 

it tl:: JYl ~ R~ ;llf- .JL , 1~ Ff T ~ --t-1-t ~.i,J- aJ.; i& ilt , ,A ~y i/'ll 1-t a.El , .flt. -fl-1* 11~ ~ Ji. 

( 1fu-:ko4£ ~ --t- ~ ~) a}.;-i)J jJ ~ •t1. ii~ o Jt- i:f=1, JG:-i=JL:W~tit:. aJ.; Dv90 }t_;j~ ,,tf.~;y:;;,£. 

;,-fi aJ.; ;;rit:.Jt.'l} ~ 1=f , J.J,.. ,J-. ;;rit:.1~19!tl~, ~JU ~;y:;; J i=R 50% aJ.; ?f'Si.1~ o 

20 ,,tf.;$. o/-itaJ.i-~e. ~~'WU i:r' JG:-i=JL:W~tit:.aJ.; Dv90 ~ 3/ -1L~4Jt.aJ.; J;r.1AJ:J 

0 .4 ~ 1. 5 o JiC :k JG :-i=JL :W~ tit:. a).; Dv9 0 .E; 3/ -1L ~ 4 Ji. aJ.; 1;r.1n , 7rf ll}J -J- .flt. -fr 3/ -1L ~ 

aJ.;~~ffiJt., ~~3/~~,,tf.~~~J[(~~-~--t-~~)aJ.;~~~~~ii 

;fl. i:f=1 ~ ± Bi. tm ;llf- ;JL , -t~ -fr~ ii~~ J[ ( 1f u -:ko 4£ ~ --t- ~ ~ ) a).; -i)J jJ ~ , t1. 11~ ; a. 
z' ~ ,J-. JG:-i=JL:W~tit:. a).; Dv90 ~ 3/ .:JL~ 4Jt. aJ.; 1;r.1A' yJiJ ½F$-1~3/ .:JL~ a).; :f}Lffi\•t1. 

~ ~, -!f-ft3/~~,,tf.~~~JLC~~•~--t-~~>aJ.;~~a~~ii~i:f='~Ei. 

tm;llf-.:rL, F$-1~1il1J~~J[ (1fu-:ko4£~--t-~~) aJ.;-ijJJJ~•t1.1i~o n7r, -:ko*JG 

:f}L ,~ jf'SL a}.; Dv9 0 .E; 3/ .:JL ~ 4 Ji. aJ.; J;r.1A ii :k ' ,VJ1J $. $i -!r- j{. 3/ -1L ~ a).; .:JL 1~ 'l} ~ ~ 

:t1:j 5J , :ijr ifJ -!r- ik 3/ ;JL~ $-do~ :t1:j 5J , 3/ ;JL~ $. $i J.J,.. 3/ ;JL,£.t,t $- do ftl ~ , ,,tf. 

~ ii~ ~ Ji. ( 1fu -:ko « ~ --t- ~ ~ ) i:f=1 -JfJ A~ f{L .il:t 7 r , JG :-i=JL :W~ tit:. aJ.; Dv9 0 ~ 3/ -1L 
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&4J.t.~~~~k, ½~ft§~&~~M~T~, ~~-~~IC~~­

~ -t- lt!. ~ ) a~ ¾±I t1. jj~ ; itrJ 3t :f}l. ,'fffi: *~ ~ Dv9 0 ~ § .:fL & 4 J.t. ~ ~t 1A ~ 'J' ' JJ1J 

}t:f}l.-'fffi:t~ ~ 11~~ it.ltl!..j!: ti:: -t- § .:fL& a~ ;tl drJ, I-A itr1 ~ 11~~ § .:fL& ~ ~1J ~~11. 

~~*~~~A~--~M~-~~A~--=--~M~~~,~itr1~~~~ 

5 Jf ~!J-t1tk~1"FJtl, ~i1J -t- .:fL~il.lka 

TdrJ~~T~t*~~~-~~~~*a ~~' *3t~-~~~MM 

~½, ~~~A--~M*~~M#, ~~~~~' ~~~MM~-t--­
~*1J ~ a i.i•-~*1J~ Im N-~ £ 11tt~:J:;tijM( NMP ), ..=. ~ £ G~!Bc-( DMAC) 

:fO-=- ~ £ ~ tffit!Bc-( DMF ) ~ a~-#~§ # 0 ~ ~ ' 1~m N- ~ £ 11tt ~ :J:;t ijM ( NMP ) 

10 -JfJ A a~§ .:fL& a~ f :l:SJ .:fL;f~ ~ k' .:fL Fl¥-*~~; 1~m-=- ~ £ ~ iffit!Bc- ( DMF ) 

-JfJ A a~§ .:fL& a~ -f- :l:SJ ;JL;f~ ~ ,J,, ;JL F,\f-* ~ 1T£;.; 1~m ..=. ~ £ t, tffit!Bc- C DMAC) 

JJ1J-Jf3 A§ .:fL& a~ f :l:SJ .:JL1~:f0.:JL F,\f-*Jtr N- ~ £ 11tt~:J:;tilliM:fO..=. ~ £ ~ ~!Bc-Z 

fsL ~~~a~ijjiJi.of jJ l5°C - 30°C a i¼~~~ ~¼:£ o[j; 7%- 25%, ~.J;t 

te. ~A, ~~~a~~¼:£~ hi:r, JJ1J ~~~a~ tJ;J.t.-ft ~, ;,1_ ~~A a~•-=--~ 

15 *'J :fl2 ,¼ ~ ~ ~ a~• - ~*'J a'-J ~ .t~it_;t_ ~•ti., rt-HJ A a'-J § ;;L& a'-J sp- JSJ -1L1~ :fl2 

.:fL F>f. -f-~ ~1T£;.; &. Z, JJ1J § .:fL& a~ f JSJ .:JL 1~ :fO .:fL F,\f- -f- JSJ 1t i¾ a 1.a }t_, 5tr ,¼ 
~~~ ~ ¼:£ ~~, M_ ti:: .J;t.te, ~, JJ1J § -1L&~~~•t1.~½~*, Jt*i~JL 

-~~•c~~•~-t-lt!.~>~~m; *~~~~~¼~~~, ~-t-~te. 
l1l , JJ1J § -1L& a~ ~!J.t. T ~, -.ii-£~-fi YA~§ -1L£tta'-J ;tl iiJ A• 0 

20 -t~ ;;lt , ~~ ,¼ ~ ~ :l:SJ ~ ~ ~ ~ § -1L£tt a'-J ;tl drJ J:., -JfJ A ilf • o i¼ ~ ~ ~ 

~~~A~Jtl~~~~, ~~, ~or~*m~~~~½~~~~i~a 

z~, **~~-~§~£#~A~-~~~*~~#~,~~, a 
~~"T~~~--=-~M~a•-=--~M, --=-~M~--=--~MX~. --=-~ 

*'J ~ m N-~ £ 11tt~:J:;tmM ( NMP) , -=-~$-CJ ~!Be- ( DMAC) :f\:1-=- ~ $- ~ t$t 

25 !Be- ( DMF) ~ ~ -# ~ § #, - -=--~*1J ~ Im-¼~ -t- 1J<., t, i§.j., ~ i§.j., ~ illiM, 

••-=-~M:f\2••-=-t,M~~-#~§#a -~~~--=-~M~~:£~~ 

¼~of jJ 20%~60% o ~1T£;.i,k ~ ~ ~ - ..=. ~~*1J a~¼~ , ~ Jl}J -t- :!,l ~ § .:fL& ~ 

f :l:SJ ;JL;f~ YA a;;L F>f--f- 0 1.a 5s- - ..=.~*1J ~ ¼ ~ ~ 1T£;., ,VJ1J § .:JL& a'-} i& ~ § -1L£ 

tt~ ;tlifJ½-JfJ Afkr& ;tlJt., &.itr1~ft§ -1L&~~~•t1.~,&., * •-=-~*1J ~ 
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¼ :i ii ~ ' Y11J ~ 1i~ -JfJ A 1c: jt. aJ.; ;JL A ::t- -JfJ A a¢] j ;JL~ a¢] -f- J:fJ ;JL 1~ 1ft 11i. 0 i~ l!J 

~ aJ.; i~ ll <if ;l; 15 "C ~ 3 0 "C O :-tm #-1{'.; aJ.i &t fa] <if ;l; 10 s ~ 90 s 0 

A~,~~#-~~~~, f-ff~~~&, Jt-~j~£#~~~I~ 

j ;JL~, $.- ~, JtiJL:W~t.iy};$" ~ j ;JL~ aJ.i ;JL ~ o f .ijjill <if ;l; 60 °C ~ 70 °C, 

5 f • at fa] <if ;l; 1 0min ~ 40min o 

~it,%-~ o/ -it aJ.i-.itt ~ ~1,~, :f1J m :-tm #-1{'.; c up ;Jf ~-t.ri:1J 1.t.:-tm y} ~ *, NIPS ) 

~ JJ: 1M¼ t!:: j ;JL~ 0 Jt- ~, ✓-~;$"~ ~ aJ.; ~ -~-t.1f1J ~~;j:JL~-t.1fiJ, ;f&tt1f1J ( 'ff~ 

~WN)<if~~-t-~-~Mo•l!l~~¼~~~~M(¾~~*), ~ 

;f&it1f1J ~~-f-¾ ~ ~ 1]<., fz5J Jl:t~f~;$"~ ✓-~;$" ~j .1L£# J:.-lif.i?:A..i~ l!J ~ ~ 

10 z~, m -t-~;$"~ ~ aJ.i ~ -~1f,J ~»:.$lfx.lD • l!J ~ ~ aJ.i ~ ~~1f,J ¾ ~ ~ 1J<. ~, 

~;$"~~aJ.i~~M•l!J#t!::, ~Aj~~. 

~o/-~~~T~~J:.~~~-aJ.;~~~I, ~~«~~~~o ~~ 

o/*~' «~~~~~~JJ~~~IaJ.i~~~~~' ~~~I~<if~~~ 

Jt-~¼~aJ.;~Iott~~~~~~~L~~#. ~~~#~a~-~' Jt-

15 ~, ~ o/ *aJ.i F~ ~ &~A.~Ltll:tll# ;fl=r ~ :tll:tll# zfa] o L:tll.~iL,f,f.. <if vA ;lJ 

~~A~~, ~~•~1f..<iTJJ~~A~~o 
~J:.~tt ~ ~ ~ ~ ~, Ltlltll# ~;j-~jj~ ~J'½l.~t:f11#.ik4:l (Li) aJ.i Ltll 

##(T~~'~&t#;l;"~~'½l.*~~ttLiaJ.;L~##" )0 ~~'?&.* 

~~tt(Ll)aJ.;L~##aJ.;~~<if~~~#-tt.~#«•tt.~#~­

w «.«•«-~-«~«-~-~«-~-~~«-~•~«-~•«;fl=r 

t;«4'~£tt#~ aJ.i-#Aj # o 

~ J:. ~Ltlltt# ~ , 44, ijt 4:l aJ.i 1{'.; ~ A. <if i,:J. JJ LixCoaMl bO2-c, Jt- ~ , Ml 

~~~Int~ (Ni). i~ (Mn). 4f (Mg). 4g (Al). ,1;/W(B). tt(Ti). ~ 

(V). 4$-(Cr). 4* ( Fe ) . 1~ ( Cu) . if ( Zn) . iEl ( Mo ) . ~ ( Sn) . 

25 1'1 (Ca) • 4.~ ( Sr) • -4"~ ( W) • il ( Y) . 4~ (La) • 4¼ (Zr) :fPk.i ( Si) 

~aJ.;£!),'-#, x. a. h:f11c1ii.y}~1J~i,:J.TtE.11l~: 0.8<x<l.2. 0.8<a< 

1. 0<h<0.2. -0.l<c<0.2; 

~J:.~L~##~, ~#«•«A~#~-«aJ.i~~A.<iT~JJ 
LiyNidM2eO2-f, Jt- ~' M2 ~~~in ,ii, (Co) • i~ (Mn) • 4k (Mg) • 4g 
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( Al ) , ,?;NJ ( B ) , 4i. ( Ti ) , 4FL ( V ) , 4$- ( Cr ) , 4* ( Fe ) , ffi ( Cu ) , 

# ( Zn ) , -if§I ( Mo ) , ~ ( Sn ) , 4'1 ( Ca ) , ~ ( Sr ) , 1Ei ( W ) , 4¼ ( Zr ) 

:fPAi.i(Si) 1t1aJ.i£ 1.Y-#, y, d, e:fPf1ii~JJU,tf.y::J-Ttl11Jr,kJ: 0.8<y<l.2, 

0.3 < d < 0.98, 0.02 < e < 0.7, -0.1 < f< 0.2; 

5 ,tE. J:_ j£__iEta:.tt# 1t' ' 4.lJ!ii-tt. trJ.i 1-1::i ~ A,,;l; LizMn2-gM3g04-h' Jt- i:r M3 ~ -FF 

~ m 4k ( Co ) , ~ ( Ni ) , 4k ( Mg ) , ,tg ( Al ) , #JJJ ( B ) , 4i. ( Ti ) , 

4FL ( V ) , 4$- ( Cr ) , 4A ( Fe ) , ffi ( Cu ) , # ( Zn ) , -if§I ( Mo ) , 4fol ( Sn ) , 

4'1 C Ca) , ~ C Sr) :fP<l,& Cw) it aJ.J £ ~Y-#, Z, g :fP h 1ii~ JJ1J ,tE. YA T tl 

l1l 17-J: 0.8 < Z < 1.2, 0 < g<l.0 :fP-0.2 < h < 0.2 0 

10 ~ tata}t ~.t-&-ii~~~'llAk:fP*il4:l. (Li) trJ.i ~ ta:.tt# ( T k 1t'' ~at# 

.;lJ "jj~~~~k!*il4:l. Li trJ.i ~ ta:.tt;;f-t" ) 0 ij~~~~k/*il4:l. (Li) aJ.J ~ ;ta 

##trJ.i~~~~~~-##,½£~♦~- ~~~--~~-«aJ.i~~~ 
~~L~,-tt.½£, ~-tt.-~~A½½trJ.i½£:fP•♦~##o 

«##aJ.i~~~~~~~k£~aJ.i«, ~k£~aJ.i«, A~k£, ~~ 

15 k .;r, it 1sJ;,tm;;£1tt.f;Jt, !fk.;;£, ii_;;£, Jt~;;£, 1t»t, 11t1~;;£, ~tJL•♦4h 

1-1::i ♦ ~n 1Jt ~ #-- _ ;;£ ~ tfi. :fP ~ , r1.;;£ 0 * it , 1t »t ~ YA ~ .t-&- Wi -t 1t »t _ 1t R 1t 

R:fPk~~»to~~-♦~~½~~~#--ffitrJ.i~~~,tf.~~trJ.i~£T*~ 

-♦~##~~~&~#~*~~~B~~~-~&~trJ.i##, ~~~# 

#i:J=rtrJ.i-~~A~k£~«~*~k£~trJ.i«. -♦~##aJ.i~~~~~ 
20 .t-&-• C; :,/:Jc_ :f P. Pit.~ 0 

,tt. ii~~ ~~k1*it 4:l. c Li ) trJ.i ~Jtt ~ ta:.tt;;;j:-t it , ~:Ui--:tv J-1!!., ~-t~ it 1€. :fP 

~'€.'€.ffi#~~-tt.½£trJ.iit'l!.:fP~'l!.'l!.ffitrJ.i##o ~~~.;l;~~##aJ.iit 
1€.;fP~'l!.'€.ffi~~' '€.~~~~~~~~aJ.i~~~£. Jt-i:J=r, ~~##~ 
y::J- ~it;;£ :.tt # , fill .;lJ ,tt. it 1€. :fP it 1€. at 't: 1n aJ.i fl\ #--tt ~ ~ ~ , J, aJ.J 3l:. 1-1::i , fill .i1:t , 

~ ~~&~~*trJ.i¼~#~~aktrJ.iit'l!.:fP~'l!.~~- ~$.-~~~itk£, 

fill.;lJ't:~~~~ktrJ.i'l!.~~~~:fP~trJ.i~~~£ . 
.J:t5'r, ij~~~~k/*it-tt. (Li) aJ.J~ta;tt;;lj:+~y::J-~.t-&-if.-~4:l.½£, 11~~:fP 

-tt.(Ll)-~~A½½trJ.i½£~*:fP4½£~., ~~~#aJ.i~·aJ.i♦½ 

:fP~½~~~o #M~, ~'t:fil:fP«##-~~m, fill.;lJ,tf.~#*~i:f=', 
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~~&ff~*~~~#~~a~~~~£. ~T~~~#A*~#½£~ 

~~¼½Z5'r, i!.£1~]fJ a~¼½it ~.tfr~¾-#A* ~ #½£~~:fP-# 

A*~#4½£~~~¼½. ~¼½~~~r~rR~~~*-~~~* 
(~ a11 itt.¼4h), ½ £ faJ 1~¼4h a$.- itt.¼4h. 

5 ½ £~~:f114½ £~~ ~ 1f~ -f-~ YA ~;J-f,4h (Sn) , 4~ (Pb) , 4g (Al) , 

4~ ( In ) , li_½ ( Si ) , if ( Zn ) , 4~ ( Sb ) , i,JL: ( Bi ) , 4r% ( Cd ) , 4k ( Mg ) , 

~JJ ( B ) , -it ( Ga ) , ~ ( Ge ) , '1if ( As ) , 4El ( Ag ) , 4¼ ( Zr ) , --ii ( Y ) 

:f\1~ ( Hf) 0 J:. j&,¼½:f111~¼4h ~ 1f~ -f-~ YA ~;J-f, *~ 1~ ~A: MasMbtLiu 

~ ##:f11Jl-~ 1~ ~ A: MaPMcqMdr ~ ;tt;/;4-. ~i!_J.tt1~~ A it, Ma ;R.-F nt~ 
10 ~«-~-JfJA¼½~½£~~:fl14½£~~it a~£j,--#~~; Mb ;R.-Ff.t--

4:f.:fP Ma Z5'r~½£~~:fl14½£~~ it~ £j,·-# ~~; Mc ;R.-F;Jf½£ 

~~ it a~£j,--#~~; Md ;R.-F~ Ma Z7r~½£~~:fl14½£~~it ~ 

£ j,· -# ~ ~ ; jf- ...fl. s , t- u , p , q :fl1 r 5~ fi._ s > 0 , t2::0 , u2::0 , p > 0 , q > 0 

:fl1 r>O. 

15 Jl:t.5'f' ~YA~~ t-ll it 1~,m ~ ~;J-f,,i:f_ (Li) a~ Jti=JL1~¼4h' 1ftl -:J{o Mn02, 

V20s, V6013, NiS :fl1 MoS. 

J:_j&,42_~-f-~~j£~~~~~' ~~~~~~~~~~~- ~~~~~ 

:fl1 ~~¼tit~-# A~#, ~~¼t ~.tfr4:f.li£.:fl1;Jf 1.l<-~-Jf1J. 

4:¥.li£.:izt m LiPF 6 , LiBF4 , LiAsF6 , LiC1O4 , LiB(C6H5) 4 , LiCH3 SO3 , 

20 LiCF3SO3 , LiN(SO2CF3) 2 , LiC(SO2 CF3 ) 3 , LiSiF6 , LiBOB :f11...:=.~kNJt!it«it 

~-#A~ # 0 1f~ -:J{o' «li£. :izt m LiPF 6' ~ j; 'e: ~YA~ tl:: ~ aJ.J ~ -f-~ ~-$ * 
?~¼'1Jti .i~tt•r1.. 

;Jf 1J<.~-Jf1J ~ J; lijl•@~1~¼4h, ft-@~1~¼4h, M_1~¼4h, -1--'e: ~i=JL~ 

-Jf1J A 'e: 1f1 ~ ill¼ . 

~ ••m~¼~~JJ•R••m~¼~- ~R-•M~¼~- ~R•• 
@~ 1~ ¼ 4h A -1-- ill¼. 

-~k.lijl·@~1~¼4h aJ.i ~ 1f~ jJ lijl•...::.. ei@~ (DEC), lijl•...::.. lf @~ ( DMC), 

Jijl•...::.. vZJ @~ ( DPC) , Jijlij! lf vZJ @~ ( MPC) , Jijl. ei vZJ @~ ( EPC) , Jijl. 

lf ei @~ ( MEC ) a$.- ill¼ . fo)T j£. J~ R»jl tii! @~ 1~ ¼ 4h ~ ~ 1ftl jJ lijl tii! 312. ei @~ ( EC ) , 

9 HP171429LZ 



111111111111111111111111111111111111111111111111111111111111 IIII 1111 
20180411 

2018103217795 

1,,£_. 112. ~ i§ij ( PC ) , 1,,£_ ffit 112. T @ij ( BC ) , 1,,£_ ffit G 1~ £ 112. G i§ij ( VEC ) ll. J¾­

ill½ o r}T i!_ ft. 1~1,,£_ ffit i§ij 1-t ½ 4h a'-J ~ 11~ ;); 1,,£_. #t.1~ 112. G i§ij ( FEC ) , 1,,£_ ffit 1,2-

..::.. ft.112. Gi§ij, 1,,£_. 1,1-..::..#t.112. Gi§ij, J.,£.ffit 1,l,2-;.ft.112. Gi§ij, 1,,£_. 1,1,2,2-

'2}7 #t.112. G i§ij , 1,,£_. 1- ft.-2- o/ £ 112. G i§ij , 1,,£_ ffit 1- #t.-1- o/ £ 112. G i§ij , 1,,£_ ffit 1,2-

5 ..::.. ft.-1- o/ £112. G i§ij, 1,,£_. 1,1,2-;. #t.-2- o/ £112. G i§ij, 1,,£_.;. ft. o/ £112. G i§ij 

ll. $.-ill½ o 

---~½~~~~;/;JG@o/g, G.Gg, G-~~-- G@~T 

g, ~@o/g, ~-G•-~r~•- ~~-- ~~-- o/~~-~-­

G ~ i§ij , o/ • o/ i§ij ll. $.-ill½ o 

1 o i$[ 1-t ½ 4-h a'-J ~ 111 ;); -=- r i$[ , '2}7 it iffi.f- -=- o/ i$[ , -=-it iffi.f- -=- o/ i$[ , 

1,2-..::.. o/ ft..£ Gtt, 1,2-..::.. G_ft..£ G:J:;t, G_ft..£ o/ ft..£ Gtt, 2- o/ £ '2}7 ~µ};_ 

µm , '2}] ~ µJt µm ll. .1--ill ½ o 

* ~ * ;J:JL ~1f1J ~ ~ 1f1 ;); -=- o/ 112. ~ , 1,2--=-ft.. ~ J~ , J~ r i;J'A. , o/ £ J~ r ~ , 

1,3--=- o/ £-2-~µ1::J:Jtij~, N- o/ £-2-Ptt~:J:;ti§~, o/ ~me-, ..::.. o/ £ o/ ~me-, 
15 G }]t , ,p~.;. o/ i§ij , ,p~ ffit;. G i§ij , ,p~ ffit;. -f- @ij , ~ ,p~ ffit i§ij ll. Jt- ill½ o 

~~~~#-~~--~~~#~~~~~~~¾~#¾A~~tt#, 

~~~A~~~(~~~~-)t, ~A~~~'~A-#~, ~~A« 
~"T~~o 
~~~~~~AM~m~, ~~~:i!_~«~-t-~~~~~~*~~~ 

w ~~o~~~~~t*&~~~~~£~~' ~~*m~~~~m~-1--~ 

~*o 
~~~~-~~~~#~~~~#~~~~¾~-~' ~~~~~# 

~ ~ t&.t[.# ~~ifu~:HJA~:i!_3-ll~at, ~{f-~YA~lU:fl§lffe ~~i.~3&.*o 
Tifu~•T-~~~~~~~~~~~~*~~~t**~~~o ~ 

~ T:i&_~~~t, ffl~m~~~M-##~ll.«&~~*#•~~~' ~~ 
~~~ffo T~lt~~T~~~~~~~tffl~m~-~~-0 

>it ~t. 171 1 

c 1 ) ~ t&.t&. # a'-J ~1J ~ 

~~~~tt##A~~~- ~MMT~-~-~~M~~*~(S~fil 
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p) ~!Jc-~ i_ ti::. 92:3:5 .E; ~1f1J-¼ ~ -f- 7j<.)tf..½HJ SJ ~1] A~ taAt:t-t' Zl6~f ~ taAt 

#~SJ~.~~~•~*~~~iE~~~~' ~!6~85CT*f, *A~ 

ta~ •t1. :¥:t # £ , tA l6 il:lA-t * J£ , ~ -?k- , ~ Jt , :kf 4-l- ~ tata Jf , 1i itl ~ tata 

}f 0 

5 c 2 ) iEtata Jt aJ.i ~1J ¼ 

~f iE ta~ •t1. :.tt #t!. ijt « ( Li CoO2 ) ' ;-f& ti 1f1J Jrz.1ih #i. Cl 1~ ( PVD F ) ' ~ 

~ 1f1J ~ ~ ~J'_ ( Super p) ~!Jc-~ i: tl::. 97: 1.5: 1.5 ~$. r ~$.1f1J N- lf ~ Plt 4:tt@~ 

( NMP ) t ' 4Jt. .ff" ;J;1:j SJ ~1] A iE ta ;~A+ ' 14 l6 ~f iE ta ;Jt# ;J;1:j SJ ~ ~ ~ iE ta. 

~Jit*4g fti ~ iE~~ ,t-;R. ~ ~, Zl6 ~ 85 °CT :k*f, 1i iU iEta~•t1.:.tt:t4-£, 

10 zl6~ii*J£, ~-?k-, ~Jt, :kfJ-l-iEtataJf, ;ffJtliEtataJt 0 

( 3 ) f~ ~ }Jl ~ ~1J ¼ 

~~-k~~~MJrz.~#i..G-~½,~!6~A~M~lf~~4:tt~¾ 

:t1:J SJ 4Jt. .ff" , ;ff itl i¼ ~ ){l , JtAJL ,~ tj!_ EJ ;-f& ~ 1f1J aJ.; * i;; tl::.1iL~ o . s ; *Jll i~ mi¼ 

~~~~){l~~r~~~#(Jrz.G•)~, *A~Rl; ~•~~Rl~~~ 

15 ~# ( 1rZ. G;J.'~) i~AiU¼~-¼ ~ -f-1J<. ( ~ ~~1f1J ) ;fl:r N-lf ~Ptt4:iJtffi~ ( ~ 

~~M)~~~){lt~ff~#~, $i:t='~~){l:fl:r~~){l~J.t.~~25C; ~ 

Ai~~ ){l t 30s l6, ~A:k* 1~ r 60 °C ?k-1t T :k*f, 1f JU.~~ -1L£ aJ.; f~ ~ 

Rlo ~~ ){l t aJ.; N-lf ~Plt4:iJtfJJ~ ( ~~~1f1J ) ~~ i: ¼ i: ~ 40%0 ~ -1L£ 

t ~ 3t *JL:W~ 3fj!_ Dv90 ~ ~ .:fL £ ~ J.t. aJ.; tl::.1ii ~ 0. 2 o 

20 ( 4) ~~){l~~1J¼ 

~f 4:£ it LiPF 6 ~ ;Jf 1J<.~ *JL~$.1f1J ( h,£ ij! G 1~ ifil~ ( EC ) : h,£ ij!~ G ifil~ ( DEC ) : 

h,£~ lf Gifil~ (EMC) : h,£~3E G;J.'~ifil~ ( VC) =8:85:5:2, ~ _i: ti::.) ~!Jc-~ _i: ti::. 

8: 92 ffie,~1J im A~~){lft~-i:r. ~ -f-~~~ ~~~o 

c 5 ) « ~ .:r- ~ 5~ aJ.; ~1J ¼ 

~ ~iE~~Jt, ~~Rl~a~~~Jt~~l6, ff~~~tt#,zl6~ii 

#~, ~A~~~'~A,~~A~, ff~«~-f-~~o 

;{t tl::.171 2 

EJ ;{t tr.11,J 1 aJ.J ~1J ¼ 7F * -.fk , ;f: ~ aJ.J Jl_5{f tt::.111 2 t ~ ~ -1L £ t aJ.J Jt *JL 
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~:~~.ffiJ 1 

~ ~t ~t 11,J 1 aJ.i 1M ~ ~ * - fk , ;r,: ~ aJ.i ;;l_ ~ ~ 11 iJ 1 1=f ~ .:JL ~ 1=f aJ.i 3t i=ll :W:9l 

5 3f.!1. Dv9 0 ~ ~ .:JL ~ 4 Jt. aJ.i ~t 111. ;lJ O. 3 o 

~~,ffij 2 

~ ~t ~t 11,J 1 aJ.i ~1J ~ ~ * -fk , ;r,: ~ aJ.i ;;l_ ~ ~ 111 2 i:r ~ .:JL ~ i:r aJ.i 3t i=ll :W:9l 

3f.!1. Dv90 ~ ~ .:JL~ 4 Jt. aJ.i ~t 111. ;lJ O. 5 o 

~~1fiJ 3 

~ ~t ~t 11iJ 1 aJ.i ~1J ~ ~ * -fk , ;r,: ~ aJ.i ;;l_ ~ ~ 11iJ 3 i:r ~ .:JL ~ i:r at.; 3t i=ll :W:9l 

3f.!1. Dv90 ~ ~ -1L~ 4-Jt. aJ.i ~t.111.;l; 0.8 o 

15 ~~1fiJ 4 

~ ~t ~t 11,J 1 aJ.i ~1J ~ ~ * -fk , ;r,: ~ aJ.i ;;l_ ~ ~ 111 4 i:r ~ .:JL ~ i:r at.; 3t i=ll :W:9l 

3f.!1. Dv90 ~ ~ .:JL~ 4 Jt. aJ.i ~t 111. ;tJ 1. 0 o 

~~,ffij 5 

20 ~ ~t ~t 11,J 1 aJ.i ~1J ~ ~ *-fk , ~ ~ aJ.i ;;l_ ~ ~ 111 s i:r ~ .:JL ~ i:r at.; 3t i=ll:W:9l 
3f.!1. Dv90 ~ ~ .:JL~ 4 Jt. aJ.i ~t 111. ;lJ 1. 5 o 

~~1fiJ 6 

~ ~t ~t 11,J 1 aJ.i ~1J ~ ~ * - fk , ;r,: ~ aJ.i ;;l_ ~ ~ 111 6 i:r ~ .:JL ~ i:r at.; 3t i=ll :W:9l 

25 3f.!1. Dv9 0 ~ ~ .:JL ~ 4 Jt. aJ.i ~t 111. ;tJ 2. 0 o 

~~,ffij 7 

~ ~t ~t 11,J 1 aJ.i ~1J ~ ~ * -fk , ;r,: ~ aJ.i ;;l_ ~ ~ 111 1 i=r ~ .:JL ~ i:r at.; 3t i=ll :W:9l 

3f.!1. Dv90 ~ ~ .:JL~ 4 Jt. aJ.i ~t 111. ;lJ 3. 0 o 

12 HP171429LZ 
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~~1fi] 8 

~ 5Ct tr. 11,J 1 aJ.i ~1J ¼ if * - ff. , ~ ~ aJ.i ~ ~ ~ 111 8 t ~ -1L ,,§;- t aJ.i Jt i:JL 1~ 

;i:'.i Dv9 0 ~ ~ JL ,,§;- )J J.t. aJ.i tr. 1.n. ~ 0. 8 , 3t :ffL ;f!~ ;i:'.i ~ ;j:'J; ft 1f1J aJ.i 1,f. :il'R tr. 1.n. ~ 0. 2 o 

~~,ffij 9 

~ 5Ct tt 11,J 1 aJ.i ~1J ¼ if * -ff. , ~ ~ aJ.i ~ ~ ~ 111 9 t ~ -1L ,,§;- t aJ.J Jt i:JL 1~ 

;i:'.i Dv9 0 ~ ~ -lL ,,§;- )J J.t. aJ.i tr. 1.n. ~ 0. 8 , 3t :ffL ;f!~ ;i:'.i ~ ;fJ; ft 1f1J aJ.i 1,f. :il'R tr. 1.n. ~ 0. 5 o 

10 ~~1ti] 10 

~ 5Ct tt 1tiJ 1 aJ.i ~1J ¼ if *-ff. , ~ ~ aJ.i ~ ~ ~ 1ti] 10 t ~ JL ,,§;- t aJ.J 3t :ffL ;¥~ 

;i:'.i Dv9 0 ~ ~ -lL ,,§;- )J J.t. aJ.i tr. 1.n. ~ 0. 8 , 3t :ffL ;f!~ ;i:'.i ~ ;fJ; ft 1f1J aJ.i 1f.. :il'R tt 1.n. ~ 1. 2 o 

~~1fi] ll 

15 ~ 5Ct tr.1tiJ 1 aJ.i ~1J ¼ if *- ff. , ~ ~ aJ.i ~ ~ ~ 1ti] 11 t ~ JL ,,§;- t aJ.J 3t :tJL ;¥~ 

;i:'.i Dv9 0 ~ ~ JL ,,§;- )J J.t. aJ.i tr. 1.n. ~ 0. 8 , 3t iJL ;f!~ ;i:'.i ~ ;fJ; ft 1f1J aJ.i 1,f. :il'R tt 1.n. ~ 2 o 

~~-ffiJ 12 

~ 5Ct tt 1t1J 1 aJ.i ~1J ¼ if *-ff. , ~ ~ aJ.i ~ ~ ~ 1f i] 12 t ~ JL ,,§;- t aJ.J 3t :tJL 1~ 

20 ;l:'.i Dv9 0 ~ ~ JL ,,§;- )J J.t. aJ.i tr. 1.n. ~ 0. 8 , 3t iJL ;f!~ ;l:'.i ~ ;fJ; ft 1f1J aJ.i 1f.. :il'R tr. 1.n. ~ 3 o 

25 

~~,ffij 13 

~~~~laJ.i~¼if*-ft,~~aJ.i~~~~13i:f='*maJ.iJt~-~~ 

fl..1t.4g' ~ JL,,§;- t aJ.i Jti:JLJ~t.i Dv90 ~ ~ JL,,§;-)J Jt. aJ.i tr.1.n.~ 0.8 0 

~~,ffij 14 

~~~~laJ.i~¼if*-ft,~~aJ.i~~~~14i:f='*maJ.iJt~-~~ 

fl.fl..1t.4l' ~ JL,,§;- t aJ.J Jti:JLJ~t.i Dv90 ~ ~ ,lL,,§;-)J J.t. aJ.i tr.1.n. ~ 0 .8 0 
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~~1f1 15 
~~~~1~~~~*-fr,~~~~~~~15t%ffl~L~B~~ 

ft_.1-1:>!k, ~ .:rL~ t ~ L:fJLl~t.i Dv90 !::j ~ .:rL~ 4-Jt. aJ.i tt.1ii~ 0.8 o 

5 ~ 1 
~~,m x*JL~ JC*JL~tv: Dv90 xm~tv: ~ ,Jiufil11?i 
HIIE firs{]# ~$?L~J!JJ!t ti!i ~s 1fU s{] ~ 
!3'_m ~ B/,J bl:.11f. lRbl:.ffi ~=ffl1fU ~=1$370!3' _ii 

~ :lilli fJLl 1 15% 1JJm:£" 0.3 0.8 NMP 40% 

~:lillifJLl 2 15% 1JJm:£" 0.5 0.8 NMP 40% 

~:lillifJLl 3 15% ~m:£" 0.8 0.8 NMP 40% 

~:lillifJLl 4 15% ~m:£" 1.0 0.8 NMP 40% 

~:lillifJLl 5 15% ~m:£" 1.5 0.8 NMP 40% 

~:lillifJLl 6 15% ~m:£" 2.0 0.8 NMP 40% 

~:lillifJLl 1 15% 1JJm:£" 3.0 0.8 NMP 40% 

~:lillifJLl 8 15% ~m:£" 0.8 0.2 NMP 40% 

~:lillifJLl 9 15% ~m:£" 0.8 0.5 NMP 40% 

~:lillifJLl 3 15% ~m:£" 0.8 0.8 NMP 40% 

~ M! fJLl 1 o 15% ~m:£" 0.8 1.2 NMP 40% 

~M!fJLl 11 15% 1JJm:£" 0.8 2 NMP 40% 

~M!fJLl 12 15% 1JJm:£" 0.8 3 NMP 40% 

~:lillifJLl 3 15% 1JJm:£" 0.8 0.8 NMP 40% 

~M!fJLl 13 15% ft1-tffl 0.8 0.8 NMP 40% 

~M!fJLl 14 15% 
~ft1-t 

0.8 0.8 NMP 40% 
~ 

~M!fJLl 15 15% f\.1-t-tt 0.8 0.8 NMP 40% 

xt bl:.fJLl 1 15% 1JJm:£" 0.2 0.8 NMP 40% 

xtbl:.fJLl 2 15% ~m:£" 3.2 0.8 NMP 40% 

14 HP171429LZ 
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-t~ r ~_xt F~ ~ J=Jl:fp,i:f. ~ -r-- lt!..~~•t1. 11~:izr.1-t)JilDiJ.,o 

( 1 ) § .JL & ~ 4 Jt. )JilD ~-\ 

111111111111111111111111111111111111111111111111111111111111 IIII 1111 
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~f F~ ~ J=JlffJ3i:i;ilJ[.,tf.)Jil1J41x.( Naitutoyo ,0--~ ~ VL-50 ~ LITEMATIC) 

5 J:., 1~Jtl 5mm aJ.i-if- AiJit*, iJit*1-t:izt:i!_Jt.39 5Omm/min, ,a JJ 39 O.OlN a * 1--a ~ § .JL & ~ F~ ~ J=Jl ff J3i:i )JilD %: 6 o 1--4 Jt.. ~, , lTx..4 Jt. -if- :J:~ 1.n. ft 39 )JilD %: 1iL 

§~&~JJ-Jt.39~~-~JJ-Jt.~¾§~~#~JJ-Jt., ~~~&§~«at, 

~$~~2, ~~·&§~&~4Jt.o 
( 2 ) § .JL& ~ii:~ •t1. 5Jil1J ii(.. 

10 ~lTx.. lOOmmxlOOmm a,ryi-9:~ § .JL&aJ.J F~ iVJ «-tfifi:i, :;f1J)f] :k ~ Gurley 

411 ON :ii: ~Jt. )JilD iR..1x., 1~)f] 100cc a,ry 5Jil1JiR.. ~ 1-$..;tJt~ :izr. 1-t5Jil1JiR.. , ie; ~ 5JilD iR., ~ 

1-$..¼~i@.i±i-9:~ § .JL& aJ.J F~ ~ J=Jl-tf J3i:i ~ at fa], flp 39 Gurley 1.n. a § .JL& ~ 

Gurley 1.n.39i9:~§.JL&~F~~-~ Gurley 1.n.,A¾~i9:~§.JL&aJ.JF~~-

( flp it§ .JL~J/:,t) ~ Gurley 1.n. a 

15 ( 3 ) § .JL& ~ .JL F,~ * 5Jil1J ii(.. 

)JilD ;_ i9:~ § .JL& ~ F~ ~ « ,tf J3i:i ~ -¥:.Jt.. Jt Jt. :;;fi14 Jt., m F~ ~ J=Jl aJ.J 4 Jt. 

~ ¾ § .JL~J/:t C ~ l.d~ ) a,ry 4 Jt. flf 1-Yf- ltl § .JL& aJ.J 4 Jt., it *1-Yf- ltl § .JL& ~ 

.t_iJil.1-$..::f_g VL :;f1J)f] -ft.!& Jt.1x. ( micromeritics ,0--~ ~ AccuPyc II 1340 ~ Gas 

Pycnometer) )Jil1J iR..a~ § .JL& aJ.J F~ ~ J=Jlff J3i:i aJ.J !t- ~1-$..;f~ V2O, .jf-)JilD iR..;tm [ii] 

20 drJ ~ aJ.i § .JL~J/:,t( ~ l.d~ )~-Ji.-~ 1,$..~ VO, JJ1J § .JL& ~-Ji.-~ 1,$..~ V2= V2O-VO, 

§ .JL& aJ.J .:fL r>¾ *= 1-V2/Vl 0 

c 4 ) 4£ ~ -r-- lt!.. ~ aJ.J 1¾ * •t± 11~ 5Jil1J iR.. 

.,tf. 25 °Cr, ~f,i:f. iVJ -r-- lt!.. ~fl O.2C •t.a ~11t.ik 't!.. £ 3 .OV, * j[ 1 Omin, fA/6 

i,:J. O.7C •t.a~11t.Jt..lt!..£ 4.4V, .f~$-1f-i,:J. 4.4V •t.a&Jtlt!..£ O.O2C, *j[ lOmin, 

25 izt-ffei,:J. O.2C •t.a~11'Litlt!..£lt!..&39 3.OV, )JilD i_JtataJ.Jitlt!..Jt.i_, ie;39 QL 

fA/6 i,:J. 0. 7C •1-a ~11t.Jt.. 't!.. £ 4.4 V, -1t •t.a ,& Jt lt!.. £ O.O2C, * j[ 1 Omin, i,:J. 2C 

•t.a ~11'Lit 't!.. £ 't!.. ,a 39 3 . o v , )JilD ;_ Jl:t at aJ.J it lt!.. Jt. ;_ , ie; 39 Q2 a 

4£ ~ -r-- lt!.. ~ 2C/O.2C 1¾*•t1. tit'.. ( % ) =Q2/Ql X 100%0 

c s ) 4£ ~ -r-- lt!.. ~ aJ.J ,tTti J;G •t± 11~ )Jil1JiR.. 
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,,tf. 25°CT, ~f42.~-r~~YA 0.7C •t.a~}fLiL~.f.. 4.4V, -1¼-YA 4.4V •t.aJ.liJL 

~.f._ 0.02C, -iji-1[ l0min, YA IC •t.a~}l'Lit~.f.. 3.0V, -iji-1[ l0min, )J!D i.Jl:tat 

{r-J it ~ ~ i. ' ic. ~ Q 3 0 YA J:. ~ ffe ~ 1t ~ - ,t-. 1)lj 11' iL it ~ ' ill 1-t 2 0 0 ,k 1)lj 11' ' 

200 ,k1JtiJ~Jfitr-Jit~~i. ic.~ Q4a 

5 42. ~ -r ~ ~,1,Jlj 11' 200 ,k/6 aJ.i ~ .i 1~Jt-$ ( % ) =Q4/Q3 x 100% a 

~~~~~~~tr-J~~~*~T~2M~. 

~2 

$?L~ s"J?L $?L~B"J $?L~B"JW 2C/0.2C 1-&.$ 
1mlf 20011-:m 

~.$ 
Gurley {a 

tl(µm) ttfm B"1 ~;. 1,l?dt 
(s/l00cc) .$ 

~~{yrj 1 48% 53 2 79.50% 85.70% 

~~{yrj 2 50% 42 2 83.70% 92.80% 

~~{yrj 3 52% 30 2 87.50% 95.60% 

~~{Jtl 4 53% 28 2 84.60% 93.10% 

~~{Jtl 5 54% 25 2 82.50% 91.20% 

~~{yrj 6 56% 20 2 81.70% 85.20% 

~~{yrj 7 57% 18 2 80.40% 82.70% 

~~{yrj 8 46% 57 2 81.10% 87.20% 

~~{Jtl 9 49% 43 2 82.80% 91.70% 

~~{Jtl 3 52% 30 2 87.50% 95.60% 

~ JJfil {Jtl 10 54% 25 2 83.10% 91.30% 

~ JJfil {Jtl 11 56% 21 2 81.50% 88.80% 

~ JJfil {Jtl 12 59% 16 2 79.70% 83.80% 

~~{Jtl 3 52% 30 2 87.50% 95.60% 

~ JJfil {Jtl 13 50% 43 2 84.40% 92.90% 

~ JJfil {Jtl 14 52% 31 2 86.90% 94.30% 

~ JJfil {Jtl 15 51% 36 2 84.10% 91.30% 

xt t:l: 1Ytl 1 45% 70 2 69.80% 70.50% 
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60% 16 2 71.30% 72.60% 

i©. tl J;l::. ~ ~ ~ 1fu 1-7 ;;fl:r ){t J;l::.1fu 1-2 of ji:r , 3t ;,,=JL 1~ ;/!SL aJ.i Dv90 £j j .:JL ~ 4 

£~~~~«~~~~~%·~~:;fl:r¼~~~~~~' ~~Jt~-~~ 

Dv90 £j j .:JL~4£~ J;l::.1.m.,,(f. 0.3~3.0, of~ilf;$-1~j .:JL~ii..±J.f.ii*.:JL;;fl:r 

5 it. E~ ;1:__t .:JL ~ ,+u_t • , M.. im of~ it?~½ 4:f. ~ ~ ~ ~ aJ.J 1¾ • , t± ii~ :f P ¼ 1~, t± ii~ 0 * 
JtiJLJ~;/!SL~ Dv90 £j j .:JL~4£aJ.J J;l::.1.m.tl::k. ( 1fu~0 5{tJ;r.1fu 2) , ~~-!¥-ft§ 

.:JL~ ~ .:JL1~ ~ ;$" ~ :J:5,1 j:J , -#--!¥-ft j .:JL~ ;tl drJ ~ :J:5,1 j:J , j .:JL~ ~ ~ J-J...j .:JL,£­

#;tl drl ~ ~' ,,(f.~~~IC~~«~~~~)t~A~~' ~%·~~:;fl:r 

¼ ~•t1. 11~ ~ ?~¼~ ?j;1J, Jl:t5'r JtiJLJ~;/!SL aJ.i Dv90 J=i j .:JL~4£ ~ J;l::.1.m.tl::k., -!¥-

10 ft j .:JL~ ~ ;,fJ; tt 77 ;tl§I ~ F.$-1~, -JJ ~ 1tit 11~ ~ I ( 1fu ~oi:!. ~ ~ ~ ~ ) aJ.J-¾¼•t1. 

jjg, ; Str 3t ;,,=JL 1~ ;/!SL ~ Dv9 0 J=i j .:JL ~ 4 £ ~ J;l::.1.m. iI , J, ( 1f U ~o ){t J;l::.1f U 1 ) , JJ1J 3t 

~-~~~~it~•~Tj~~~;tldrl, M..im~~,,(f.j~~~~~tl~t 

~*~;$"~~~--it-M£j•~~~~-~it-M~~~' M..im~~~~~ 

11 -tt 1ti aJ.i 1t JfJ ' ~ ?j;1J T .:JL ~ii_)&' ~ ;tf ~ ?j;1J T ?~ ¼1% * •t1. ij~ ~ 1m J~ •t1.11~ 0 

15 i©. tl 1;r. ~ ~ ~ 1,1 3 ~ ~ ~ 1,1 &-12 of ji:r , Jt :-tJLi~ tSL £j ;f& tt ff1J ~ * :il'R 1;r.1A 

~1:2. ~ ~ ~ ~~aJ.i1¾••r± 1i~~1m1~•r± 1i~~,;~, -tll1J-*:if;;J;r.1A, ~ Jlh Ti~~ 

~ ~ ~ - ~ it.ff1J ;;fp '~ ;$" ~ ~ ~ - - it.ff1J aJ.J ~ J~ , j .:JL ~ aJ.J .:JL F,1¥. • :J:f -JJri O * 
3t iJL J~ ;/!SL £j ;f& tt jf1J ~ * :il'R J;l::.1.m. tl , J, , JJiJ j .:JL ~ aJ.J .:JL F,1¥. • F.$-1~ , F~ ~ Rl ~ ~ 

q.31. ~£, 4:!. ~ ~ ~ ~aJ.i-i)J n -:ffe •t± 11~?~-¼~ aJJ 1k, ~ ?~½1¾••t1. 15~:;fl:r¼~ 

20 •t1.11~ ~ ?j;1J ; * 3t iJLJ~ ;/!SL J=j ;f& tt jf1J aJ.J 1$.. :ifJ; J;l::.1.m. tl ::k.' yJiJ j .:JL~ aJ.J ;f& tt jJ F.$-1~' 

~~-;;fl:r~X~M~~~mM~, «~~~~~~£fit~,M..im-!¥-ft%* 

•t1. }J~:fP¼ J~•f1. ij~ ~ f~--@-~~ S}J ifk 0 

i©. tl J;l::. ~ ~ ~ 1fu 3 ;;fl:r ~ ~ 1fu 13-15 of ji:r , 3RJfJ ~# 3t ;,,=JLJ~ ;/!SL :l:5] of VA ?~ 

½4:r. ~ ~ ~ ~ aJ.i 1¾ * •r± 1i~ ~ 1m 1~ •t± 1i~, 3RJfJ ~ Jt :-i=JLJ~ ;/!SL aJ.i # ~ ~ ~ ~ ~ 1:2. 

25 ~ ~ ~ ~ ~ 1¾ • ,t1. 1i~ ;;fl:r ¼ 1~ •r± 1i~ ~ 1; 11foJ ~ fiL -1tt ::k. 0 

~~~~~AJ~m~, ~~~~~~fiL~~~~~~, ~~m~~ 

~~t*~~~' ,,(f.~~~~t*~tt#;;fl:r~~~lt~T, of~*fff# 

~1~, {}J~v='-ll.?~~o 
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requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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1fj A tb trf YA ;Jk_JJ~ 1t. a1 ~ixt JJ~ 81 § .:JLJ1f *itJ A~ q'l_}&_ ~ , -ff- .iL, J:. j£_1'1_1&_ ~ * 

~ w] ;i:.i ~k a1 $ im. .:f L o 

J:.i£$:im.1La1f:!:5J.:JL1~-1fw~ 0.1~50 µ lTI, ~711fu~ 0.5~10 µ mo J:.j£_~ 

~}J~1;}G~~~~~~~~~~~~*~*o~~~~*~*-1fw~~(~~~ 
1~ -1~ ~ ~;r~ ) *~4h, J:.i£q'l_l&_~ a-14£:im. ~ jJ o.oo 1 ~50 µ mo 

~if.... E1}] 1fw~ a{J ~ ;#i.~ A 81 _i_½{¾'i§ :rL• */fl T no a{J 4h 1f:£. ( 1 ) ~ ( 7 lo 

5 
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( 1 ) fA;<f m~ &al.; f J:5,J $ :i@.1Li~ ( 00 i.i~k. $ :i@..JL al.; f 55) .JL1~ ) J,-:1:'.1 ~1;,f(i:,t~ 

,fit J;, .JLJJl a{;~ :k..JlA~ :k. o 

( 2 )~-?f-4 JltA!k: X-:h 20 µ m at al.; i½ ~&( JIS PS 11 7 ) :h 1 O~ 1500 ::t;,-11OOcc, 

1JGil1 20~ 1500 ::fY-/1 OOcco 

( 3) ~ .t-u ( ~WrJ) 5J}i._;h 25OOmN/2O µ m A 25OOmN/2O µ m Y/, J:., 1;1G 

il1 3OOOmN/2O µ m A. 3OOOmN/2O µ m Y/,Lo 

c 4 ) ,ff- 13 o °C al.; 5~& r ~ JJ: 1 , J, at ,Jg- fr!i 1& ~x.t-m ¥ ,tE. * ~ ~ c MD ) :f P Jt 
~~ c TD) t1:J :h 35%A 35%y::J, r, 1;tit13o%A 30%y::J, r 0 

cs) *r·Jti~tt,t±, ,,t£. 13O°ca15~Ji..T~JJ: 1 ,J,atJ6a1i½~&7J 10000 

::tY-/1OOcc A 10000 ::fY-/1OOcc YA J:_ o 

( 6) :J:z.+t5~&n 155°CA 155°C YA.Lo 

c 1 ) * r xt ~ fll tl1 *s .;}¾ •r± , -t:" 1l: ,,t£. ~ ,tg__1:_ , * m )f,_ ¼ iJL r 40 °c x 5 -;;,-­

# ~ ~ ~ ~ )f,.. at, ~~,ff-&~,,t£.~M~~*~T~~~~~o 
~a fl}] ~ ~½{ttj, .JLJJl. ~ t 1J rt~* a14-t ,1_iE,tf. T' ,i±. ~;!:;,f(i:):~{ttj, .JLJJl a1 _f_ 

~Y-dr.7 ✓Yt~ ¾if ( a) of Y/, ~JJ:t 1,t a1 ~-t~t }]~, :fP ( b) Jt. R~~JT1J, :fP ( c) 1!fi 

ill~§.;h 1.8Debye A 1.8Debye YA T 1lJ ~ R)~JT1J a1 ~R:,¼~, -#--f- ~, --1+--HJ ~¾ 

~ J:.il #JA,tj- }]~ e-!] 3' .JL~ * a-0 }l~,& O 

J:.il~ R)~JT1J1j[_,J1J1 m $,£_/ffi_ -t-it:h 6 A 6 YA J:_ a1 *¾il:J:~' 1-T iffif' ,r,x,_ 

T iffif, YA Jl.$.£.lffi- -t-4t:h s A s YA J:. ~ R~ Jltit:J:~ 147 a1 £~.Y-# 0 J:.illllffi- -t-tt 

:h6A6~J:.~**~~~~~m~~.~~~~.~~~~--xt~~~~ 

a~~~147~£~-#o~:h_l:_~R~M, ~ii1~~0 
:h 1:tf JD _j_¼1ttJ;, .JLJJl~;IJo~* a14-t,t±, J:.~~;1:,1fi"1~1tti .JLJJl1ru:iit.~~Jt. T 

~ ~14- ( 8 ) ~ ( 14 t 
( 8) .JL F>R ~ 79 25~95%0 

( 9) ~-?f-4£-t!k:.n. :h 20 µ m at 1i1 i½ ~& ( JIS P8117) :h 1500 :ifY'/1OOcc 

A 1500 ::fY-/lOOcc V/, r 0 

( 10) f i5-J$:i@..JL,f~;h 0.005~1 µ mo 

( 11) ,t_i1tp]wW-_5J}i._j; 50MPa A S0MPa y::J,J:.o 

( 12 ) Jf _t-ij 5J)i._79 25OOmN/2O µ m A 25OOmN/2O µ m v::J, J:. o 

( 13) 1&~9:.ifil¥ ( 1O5°C/8 ,J,at) ,tE. MD ~falvAlt. TD ~~iSJ:h 16%A. 

16%vY-. r 0 

6 
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( 14) ~}i_7] 5~200 µ ffio 

n~~~¼-§.:JWl~~~~*~#tl,_t_~*-~~4~~T~** 

( 15) ~ ( 22 t 
( 15) ¼~*GfAV;fP/~*~*•· 
( 16) J:_~ ( 15) 1fie;~a~*G•n4 §1 M~~-f" i. ~GI., ~ ~Ji_~ 

Li~, 1f~/i_*G•~a~~/i_~G~'f~.f..~-#. 
( 17) J:_~ ( 15) ~ ( 16) 1fie;~a'-)*G•n~:l:5J~--f-i. ( Mw) n 5 

x 1 o5 ~ 5 x 1 o5 v:~ J::. a'-J M ~ ~--r i. * Li•. 

( 18) J:_~ ( 17) ic.i~a'-J~~~--r i.*G~fl~ Mw n 1 x 106~15 x 10
6 

a'-J ~ ~ r9. 
( 19) J::.~ ( 15) ~ ( 18) 1f 1£-;t:-:i:~ie;~a'-)Jit~;J:£a'-J~:l:5J~--f- i. ( Mw) 

:fPit)d] y}--f- i. (Mn) .ZJ-;t. Mw/Mn ( ~--r i. y};fp) n 5~3000 

(20) J::.~ ( 15) ~ ( 19) 'f1£-~-~iG~~*;/:'•;J:£¾~*G:J:.±ll¼4h. 

( 21) J:_~ ( 20) 'fie;~a'-]*G1.ill¼4h¼-ff Mw ;h 5 x 105 ~ 5 x 10
5 

f),_t_a1M~~--ri.*Gi.;fP Mw n 1 X 104 .§X.. 1 X 104 ►1,J::..il;f.~ 5 X 105 a'-J ~ 

~]i_fRLi:J: •• 

c22)~~~#ffi~~c~~~~~~}i_J::.fr~n~~~~~•~~~ 

-fttf .:JLAl:rz ~:kJJr ~1ttf .:JL-tJJ Wr ~ )lit a'-J 5JJ ~t ) JJ m a'-J, J::.~ c 1 s ) ~ c 21 ) 1r 
1£-~ - :rj -ic.i ~ a1 fit:J:. 1£ Jl ~ }Ja -Y 4 m -xi"- i.Ak.1~ ~ /i_ * Li :l". , .!L ti~k.1~ ~ /i_ fit 
Gi.' 1~m if- 'f ,~1J1ti1f1H#'Ji!.fi'-J G1•- ex 1AV1£*~4h v/, ay}--r _;_ n 1 X 10

3
~4 

x 1 o3 a'-J1~y}--f- i. a'-J ~ Li~ 1f a'-J .f..1' -#a'-J Jit;J:-•;J:£fll¼4h. 

4'--~ aJJ a'-J x.¼1tif .:JL!ll1t 71 ~ ~t!!.ro F~i&.Jl;ff m av. 
~ ElJJ ?ik* 
~£ElJJ~x.¼•J~fll}l,~~~~-j~!ll~.f..~-~J::_~~¼;ff~ 

,tt.Jlt+tia'-J #lA~tJJ~, :fP-k R~1f1J, :fP1/J?J:t-&.ie.1J l.8Debye ~ 1.8Debye YA Ta1 ;f. 

tl;~1r1J a'-J ~tt¼*-#--f- :k*, Jfj A¾~ _t_~ tA~t JJ~ a1 j .:JLJt 1-f.-¥;; A~~~~, fE1 

.iJ;t' ~J:_~,q'l_~~ J:_ Jfj A IE} ;f.i~k. a'-J $ :il!.:JL' ~tl,ti.' xt ~A-&. f.1{] ;:f.5-?~•ri.' iAAA 

~Ji_, ~~~~tl,#~#tl~a~~#tl~~~tl~*· 

~£ El}J a'-J x.¼-fttj .:JL]lJfJ 1t ~5e,JfJ F~{&.~xt~m.**~ ffe:fP•r±, ~ ~5e, 

~ 1J :i½ _r_ ;f 'f a-1 ~ ~ * ).iA 1r1. ~ * , xt ~ 5t!!,Jj_jy_ Jl:tt ;t. a1 , up 1~Jj_~JL-J/x __ ~ -tl:., 

;;:::. ½ ?- ± ~ 5t!!.i:i;J A ~r 14-z fsJ s'-J isJ F* , ~ i',~ - F~ {.i.. z fsJ a'-J :Jr-~ ~ Fll I J, , ~ ►1, ~ 

7 
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* at fi§J r9 1%.J=t t@.t~,t± , ~ .i1:t, off-" il J 1J ¾±-1 r± Y/, ;& tif i>t± 1/G-Jf- ilJ ~ ~ 0 -1t ;;tr , 
;$-~ !:!J=J ~½1ttp -rLJJlxtPJ ~av ,~51:iJ •r±. -0"---~ •r± iit. i½tl,t±f,,( ll.iJLtt3I£ vt-Jf-, 
JE1 .il:t , 1f 39 ;} ~ R~lt 1:IG-)f- a<J o 

f1t 00 iJL El}] 

[ oo 1 J Jt ,F tB ~ ~ 1ftl 1 a1 ~ ½ ,til P .:JL ~ av ~ uo av ~~ ;;~tl ~ 1tx 4t ,~K Jt ( x 

7500 t 
[ oo 2Jlt ,F tB 1;:t;.$~ 1f1J 1 a1 ~½1tti .:JLJJl av~ uo av i~}J11J ~1tt4tf!K Jt c x 

7500 t 

Jl-1,t._~~~ -J(. 

[l]~~:J:£1tti .:JLR~ 
( 1) ~-:):~ 

~-*of~Jt~-*~~¼~2#~2#~La<J~-*a<Jtt¼~a<J~M 
-#o ~~*1}l~¼~~G~~~~~-~o ~-*a<J~~~~~(Mw) 
~!l~ :tt J?u av FR tiL i@. ~ ;h 1 x 104~ 1 x 101

, 1:1G~ 1 x 104~5 x 106
, Jt391fw~ 1 

X } 05 ~4 X } 06 
0 

~;h~0~,of~~ili,~~;}~~~G~.~W£~G-, ~W£~ 
G~~2l.~W~~G-o~~~G~~~of~~0~a<J~~*'~of~~¼ 
~ j'' i. $-1-t!:, av a -Mf1)~ av-#:-~4h o 1f ;h l., ~fl-Yr av $1~ a -f4t~1it~ ~., T 

iAV-L c.dAV-L h:.:iAV-L 4-lf£.&.~-L ~~- mhffit0~, lf£.~~&rio/iffi~­~0•~. Jt.t, ~;h~0~1}l~~~;}~~~0•. ~~;}~~~L,•~ 
Mw 1Jliit. 5 X 105 ~ 5 X 105 Y/-L' Jt}h,f)l~ 1 X 106~15 X 106 av~~ r9' 4tJ31J 

1:IG~ 1 X 106~5 X 106 avte:.~ r9 0 im.tl~f~~~~i.a<J~G~o<] Mw~~-1M--?t 15 

X 106 ~ 15 X 106 y:J, r ' of Y/, ~ !h J~ilt. tt:iz ~i;J{i- ili 0 

~1AV1£Jt 1Jl~¼~~ G1AVtll½4h a'-J O 1t: 7J ~ Li~t11¾4h' of r::J.1~ft1 Mw 

~~~2#A2#~L~~~~~~~0~&~~tt½~-~#a<J~W~~ 

0~~&~tt½~.~#~t~£~0~&~a<Jtt½*,A~#~~W£~ 
G~&~~tt½~,~ftJ~~~~~~~~G-, ~W£~G~. ~W£~ 
0 ~ v::1- ;& 1~ ¥; £~ 0 ~ ~ -=-# ~ -=-# Y/, Lav~ 0 • uv ~?r..½t11½4h ~~~ 1oJ fr! 0 

-A-~' 1f;h~G-jll½4h, 1itizt¼;1f Mw 7J 5 X 105 ~ 5 X 105 v:l,Lav~~~ 

8 
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-t-i.~G-'fP Mw :fJ 1 X 104 A 1 X 104 V:,(J:.~.::f:)f_ 5 X 105 a'-J~GfAf;a'-J~G:Uf; 

t11¼4h O 1t :fJ Mw :fJ 1 X 104 A 1 X 104 y::,( J:.~~)f_ 5 X 105 a'-J ~ G.' ~ vA1,t 

m ~WI£~ G.' t WI £~Gi~?fP1~WI £~ Gf:Jfit a'-11£-:t-#' faq-,tJ3 1J1;;t~ 
1_tm ~WI£~Gf:Jfio Mw 7J 1 X 104 A 1 X 104 i,:J,J:.~.::f:)f_ 5 X 105 €,'-J~Gi;lji~YA 

1~m -=-# A-=-# YA J:. a'-J Mw .::f: M a'-J ~ G :J:4, .tl?., ~ y:J, 1,t)f] -=-# A-=-# YA J:. WI£ 

~Ma'-J~G-oim.ii~-?f-~Gi;ljif11¼4ha'-J Mw a'-JJ:_f~.;j~-#i1J~ 15 X 106 A 15 X 106 

YA T' ~y:J,$.~J:~:J:z~~*~ 0 ~Gi;ljif11¼4h t a'-J Mw :fJ 5 X 105 A 5 X 105 YA 

_t_ a'-J ~ ~ Jt--r .i ~ G :J:4 ¼ i. iJL ~ 4+ ~ G. f11¼4h ±#--1t :/J 1 00 ]pf i. % at :fJ 21 

/ff i. %A 21 )pf i. o/oYAJ:., ~ho1;;t~ 21~50 ~ i. %0 

~:}:;lji:}:92 e'-J ~ HJ Jt--f- i. ( Mw) ?fP4fi}5J -0'"-r i. (Mn) -Z.J;t, Mw/Mn ( Jt--f­

i. Jt-Afi) ~~~F~;t, 1;;t~ 5~300 a'-J~ml A, ~:JJ1;;t~ 10~100 fr1R-~ 01 o -:ko 

* Mw/Mn .::f:]f_ 5 at, tb -t- ~ Jt--t- i. A1t-tl3' , !El Jl;r.., ~-;):.£~~ e'-J -t:1} ~ ro 
i'fi, Mw/Mn ~tl 300 at, 1~-0'"-r i. A1t-tl3' , !El Jtt{f f 1J s'-J 1ii3' .JL]i a'-J si £ 

1~ o M w /Mn ,;;z ft :fJ Jt--r i. Jt- /2fi a'-J JZ.£~ 1~m s"i , ii: 1A~ kJt---r i. Jt-Afi a'-J rr& 
£tt~ko flp, tb i¢--4h)9f ;tt; Aa'-J ~-;J:92s'-J+t1YL T, Mw/Mn .fz_ iF Jt-Jt--t-i. 

Jt-~a'-J~£, Jt~~k, Jt--t-i.Jt-~~~~- tbif.-~~~As'-J~-*~ 

Mw/Mn ~YAi©.tltb 3' M-&~¼~-#i1J~~-;):~~i!. iliiftl:tf. 1,r;/J Jr Fft-ri.~¼ 

*,ilL~~~1M-&~¼~Jt--t-i.AJt-,~~2M-&~¼~Jt--t-i.AJt-~-=. 
M-+i.~¼. ~-:J:£:/Jill¼4hat, Mw/Mn ~k, filie,¼a'-J½A-0"--a'-J Mw -4~:k.., 

37 >'r, ~,J,YJ1J Mw e'-J,4~,J,. ftJ4:J:£i11¼4ha<J Mw/Mn ~ ►Aim.tliftl:tf½A-0'" 

a'-J -0'"-r i. A i?u¼ i:t. 1111 ~.i~ ~ -iftJ ~. 

1~m ~¾( aJJ a<] ~¼{%tJ, .JL~l1t :fJ ~ 5~)f] Fr%{.i..at, :/J ;};;l ~ :J:%1-t51fu.£, -#--t;;l 

~ ~ ~~e'-J ~ 51fu.1*44-t•r1., ~-:J:.£ill¼4h1ft..~¼~~0JJ';lji. ~0J :J:'~a'-J Mw 1fu~ 

1 x 1 o4 ~4 x 106 a'-J R, ~ • 1t :JJ ~ 0J 1•, r~ :1:51 ~4h y:J, Yr, ~ ~ y:J, 1~m ¼ /ff Jt 't 

a -:i':Jri:J:~ a'-J~+i.iP/A3t.fJt*~4h. 1t :/J~+i.*~4hiP 3t.JYL*~4h¼if a'-J Jt-1-tt 

e<J a -:i';lji;J:~1:IL~ GJ';lji. ~0J-a<J ~ha i.1ft..~~4f-~-;J:~ill¼4h±#--1t :/J 100 /ff 
i.15tat /,J 80 /ff i.15rA 80 /ff i. 17tYA T. 

:/J :tl ~ 1,r :fJ ~ 5~)f] Fr%;r.i..)f] ika'-J tt,t±, ~;/;';lji;J:.£f11¼4h1:IL~¼~ P'A-=f :it l'.fl -1/J 

~~~-*-fl=:/J.-=f#ffl~~~~-*'~~~)f]~~~WI£~G-.ft 
:JJ1~WI£~G•, 1JG~~m1t-~~k1~WI£~G• CLDPE), ~~~k1~w£l-itG 

i;lji ( LLD PE ) ' tb 1¢:- t ,~ 11-1-t 1f1J -#i1J :tl a<J G. / a -J;lji ;J:~ * ~Ah ' YA Jl. M w :fJ 1 

9 
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X 103 ~4 X 103 ~ ~ A a'-] 1~~-t- _;_ ~ G. 'f a'-J £ 1~ -# 0 -A- 'f ' -A-~ j;a _;_ 1JG~ 
~-?f~i'~:J:£±~1,riJ 100 Jfff i_ 15}at 7J 20 Jfff _;_ 15}A 20 Jfff _;_ f;)--i,:J, To ij:~j;a _;_ 3? 
at, ~;}.:i1ipat?t-~? !£._~~o 

~I-J¼~~~~-f-_w_~G;1$-~~-~tt½~,~~~m~LiE~Mwl-J 
1 x 1 o4 A 1 x 1 o4 YA L~:Z:.X.. s x 105 ~ ~ G 1~, m r JJl ~ Lii.:t.t-1t.5~J.t a'-1 ~ 0:1 

1~, V/,aL:i&..Y1J:.-f>-itl;fJ~~5~~-1£Z5'r, i£.~vA~,1Ja~m Mw 7J 1 X 104~4 

X 106 a'-J~Tf~-1, Mw :h 1 X 103~1 X 104 a'-JtlitGi'~;ij}vAa Mw 7J 1 X 104~4 X 

106 a'-J G;J$- · a -;1$-:J:£-3¾-~4h 'f ~ £!,!,~ -#a'-14h!fff o ~
1J A~M_~~-t- _;_ !lit G;J$­

'f ~~ T $~~;1$-* a'-1 ~;1$-*tt½~ at,$~~~-* a'-1 ~~ _;_1JG~~~­
:J:£iB.½4h±~1,t iJ 100 Jfff _;_ 15}at 1-J 80 Jfff .i 17tA 80 Jfff _;_ 17tvA To 

( 2) ~iJ:&.~* 

:h i 1J:&.~J~:J:£1itJ, .JL]l, ~ YA 3R-m 1f1J-:ko4t/~f 6-104736 ~ 'f /~-Jf-a'-J ~ 
~¼o 1'0 -#-~fR.;;t.fij:~*o ::t1Jm4-t/~f 6-104736 ~'f/~-Jf-~~i¼at, ( i) ~ 

_t_:i&..tJiti'~:J:£ er ~hu A•m 5%-1f1J 16, m1-t:.t.t-~i~?r..J'*, ~1J~~:t~:J:£5%-*, c ii) i®. 

:ii.ilJt§--t?} ~ ~j~'):i:.5%-*16' 4---ir' -Jfj Ax)~JliAk.A ~ 1h' ( iii ) ;Ji:.1ip 1-Yf .f1J a'-];~ 

JJiAt A~ 4-h , ( iv ) i®. :cr. )Jt. ;t ;,t_ 1f1J ~% 1.:1-1+ 4h )Jt. ;t F~-¼ Ant m /4:-1f1J , c v ) ~% :fl 1 iJ 

a'-J Rl -t- t*, th tt., ~ YA t 1J :&.~:r~ 'i£ ,ttt J, .JLAl 0 

c 3 ) JlJJ ~ a'-J 4-h ,t1. 
1,r 7J ;f-it a}] 'f 1~)f] a<i ~~;/:£,fttJ, .JL., 1fu~ a'-] Ji_, .JL f,,¥--f-jJ 25~95%, 

~-?f JlJ.t-t~.;t-:h 20 µ 1n 8t s~ i!-_~~ ( JIS P8117) :h 1500 :fJ//100cc A 1500 :fj,' 

/l00cc vA T, f3:5J$i@..JL1~7J 0.005~1 µ m, ;J.:i1it7 ~~3JJ.tjJ 50MPa A 50MPa 

J,/, _t_, ~ tu 5!J.t:h 25001nN/20 µ m A 2500mN/20 µ m YA L, !A ~x},m ¥- ( 105 

°C/8 ,J,at) ~fc~foJ (MD) ;°fPJt~foJ (TD) J:f:J;/:J 16%A 16%vAT, Jllff_:h 

5~200 µ filo 

[2] ~;fcxt JJ~ Jk 

;f-~~a'-J~½•J~-~~•*•J~•a'-1£~-~_t_~A¼~~~ 

,~JJ~ 1-t at ~;r.xt JJ~ e'-J J, .JL,Jpt 1f.. a'-J 11~,&, _t_ii.a_~,&*~ ~ ~.i~k a'-J 1t i&.JL O ii! 

:ii.~i-rt~:J&,ftiJ, .JL._t_-JfJ A ~~t }]~ Jk, ~ v:,( 3i;f .tlt. ~xt ~;t-&.a'-J *t-t¾•ri-o d7 f 

~;tJt }]~ &*~ Wfil ~.i~k a'-] ilfl .JL' lsl .J:t:Z:½=t~ 'W ~;.t~1i:.1%iJ, .JLRl a<] ~i±•r1. 0 ~.£' 

fJtii Wfil 1.i~k a'-J 1t im..JL, -;f; 9,t._~ ~-Jr o ~ ftl EJ ~:.t~1~1ttJ, -1L• a'-J -1¾,:k iii, !Lf 
1*# :+m f6J .:a 1~ a~ ~ ~k ~ ~ , -#-.li JL +¼.:a 1t ii! a'-J fm .JL , :z: ,;l~ Ji_ ;-fi. J;~ at ~ 1.i ~k 0 
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wl:t.i~k jti®_-1La1-f-J!).:JL,f3:1JGiz:t. 0.1~50 µ m, ie_;li1fwiz:t. 0.5~10 µ mo 1fwizt 

~?f IBl i.i~k jt ifil.-1La1 -f- J:51 -1L13:-$1J A1;t.1rZ.1~:J:3:,f;t't3/ .:JLJJ~ a1 ~k-1L,;f3: k, rb .itt ttf vY, 

i!-ffe ,t,.t ~ ~tl•r:,L ~# }]~ ~ a1 ~~ffl.:},% ~J$-y:~-{tt3/ .:JLJJ~ a1.if-J:511t i@_.:Jl,,f3:A 

1L F'.'R-¥ rtr1~ fo}f ~ ~ , 1.a i®_ ~ :J; 0.001 ~50 µ mo ~i_xt JJ~ ~al~£ J;t. 0.001 µ m 

~at, $-Jb ~!i_!)tf~, :n --;i; do, ~tl 50 µ m at, :i!:tl•t:l~ttf 1it,~,1to 

+t :JJ Pf .,::i. ~JJx. 1t a1 JA~ m~ , Pf vA 7-f'-- tB i1t. m 1rZ.1ta ~ l.. :r)fi , 1rZ. ~ l.. 1)fi. 1ta #( 

l..-~1rZ.~~~~l..Y$°~1rZ.~1fa1L~-#o~~l..Y$°~1rZ.~~~~l..Y$°~ 

iL¼-ff-$, YA~~l..J$-*~Aha1~e;J$-~it¼~-$1Jlizt~_suk 15 ~:i ¾ix. 
75 Jffr _i %vAJ:.., ie_;/Jo1)liz:t_ 90 ~ .i %ix. 90 ~ :i ¾vY,J:..o 1tk~P~~Gf~§x.j_. 

l..-~1rZ.~~~~~~,Pf~7-f'--tb,*~~J$-.~j..l..J$-,~j_.~-- l..J$°, 

~ 1~, -ff-T ;}:~, :f- e; Y$-, A l.. ;r)fi, 1ia A l.. ;r~ , _::_ ~A l.. J$-, 'f iffii l... iffi~L e; 

iffiil..t)fiiffilft, p;jiffiil..1~iffilft, Tiffiie;J$-iffi~, ~f~-~Jtiit, 'f£.~Y$-~'fiffi:§', 'f 

£.~~-~~ft,~-~, ~£~~~-~T~£.~£_~-~~-- l..~Y$°~ 

iffil§', l.. ~-ff-~ 1~ifilij~ o 

~t,~:JJ~Mm,1TL~~~j..l..•~~~l..J$°*~~0#k~~l..~ 

*J-tAh, 1Jlizt~ ( ,,\ ~ ~ 1~-1~ ~ e;f;ffl) *1rZ.4h o 

~ Pf v:I, ~ ~,txt JJ~ ;zllk, d7 .i1:t~½1tt3/ 1LJJi Pf YA 3/.l~t. ~ M-* }f-.:}cp~1J ,{f. ~ ).ifu. 

T~~at~~*~~o~:!J:z*-;i;*, ttf~*tb, ~Af~~~M~~7J*, 
~m:z*M~-;i;*,~~~-;i;*~o~:JJ~~~M~,""ttf~~maM~-- B 
M~, vM~, ~~M~~o~k:z*M,""ttf~*tb,A~2+lx.2~~J:.. 

~~~~~~~¼~, ~~T-==--.¾~-==-~~o 
~ixt }]~~Pf VA im..tl-ti;fJ.~½ ?.tA1. 0 1t 7J Pf VA 1±--t-i-1.t~¼ 1f 1~m a11t¼ 

~,Pf~7-f'--ili, l..J$°,:f_l.. •• ~e;-, l..-l..-~-~--- ~--'fG, 

'T&--G.&--o/M, ~-~~- p;j-~--~~G-, 'f£~--- 'f£.~J$-­
~ iffi:§'~ 0 im..tl~f j..;tJt JJ~-$1J A1~JfJ J:..~ 1t¼4h a1 -1¾;f.l~¼4hof vA :itl-ffe J,.t ~xt 
~t:&. tl1 i&-1¾ 1f:£0 JZ*~.tffi-~ $.-3}-k*, ~,t,xt JJ~ 't1 j£ Pf VA We.½$.-1-ltMJixt }J~ 0 

~ixt Jl~ at :):z,#, 1fwiit-1;t;f±J A~t)fi:J:lA1fk.3/ -JLRi a1 ~1)fi;t~ a1 f.t.,~ .. ~, ie_;/Ja1Jliz:t. 

~ 5 "C A. 5 °C y:J, J:. o 

[3] i..½1tt 3/ .:JLJJi u1-i1J :i½.7J * 
:f..~ SA a1 ~¼1tti .:JLJili®_tl,{f.~i;ff!:}:~{tt1LJJia1 £:JF-tlo~~ ¼~ Ca) 

J:.i£a¢J ~ixtJJ~, ~P ( b) Jt ~-jZ:Jt1J, ( c) 1~t~.Ae.:!J l.8Debye A l.8Debye i,:J, T 
11 



200480034190. 3 

~~R~M~~¼~,*~~*~~Q~~mR~M~7J~M~. m~~# 
JJ~ Jf a1 ttPttJ :i.i;W, fEl tr.~ iie:.-HJ A w.1 i.i~k ~ tro.:rL, ~:i.i,r±.~1-t. o .n -~do, 1x 

1~m ~ R5~ff1J 11= ;J; 5~ff1J ~, _t_~~ixtJJ~ 81~-#t•t±.~1-t., ✓-/t~)fe,½~Jt.ff ffi ~110 
11= j; R 5~ ff1J, cf f}, ~ tr: , 1f1J -;to , ~ ~~ , N- 1f )Jk -2-Ptt. 17%-3:;t ~~ ( NMP ) , ..:::. 

1f )Jk 1f j§jt.JJic- ( DMF ), ..:::. lf )JkiiE.ifi\. ( DMSO ), J~ G ~~, y -T ~ iffi~ ( GBL). 

»~ ~ 3E 0 rJitL ..:::. 1f )Jk 0 j§jt.JJic-, 1f 0 r!~ ( MEK ) , ..:::. 0 ~, 0 i11it:. 2:> iffil5' , tz}J ID}1.k. 
17~ ( THF ), i;4i11it~ G illi/5 YA»... LI !Jt:.ttt- 0 Jt tf ' iti?t ~ i§~11= 7) R5~ffiL 

~ R5~1f1J 811~t,&.j.§.,ff ¾'*-tf. l .8Debye ~ 1.8Debye VA r O ~ Ri~ff1J a11~ 

iltj.e.~tl 1.8Debye ~, ~ 1ie:.,R ~tit JJ~ Jf J:..-HJ A w.1 {.iAk a1 fro .JL, 1.;-11J a1 j"_½ 

:{ti~ .JLAl ~ ~:i1A±i&;f .~,ft o ~ R5~ff1J a11~iltj.e.1Jti?t 1.0Debye ~ 1.0Debye 

YA r O 11= j; 1~t2t12e.;J; 1.8Debye ~ 1.8Debye Y/- r 81 ~ Ri~1f1J' cf v::,( if. tr: ' 1F1J 

jo, :iit ITT»~& -f-4Jtj; 6 ~ 6 YA J:.. a1 *-¼1~, I-Tiffi¥-, ;f,X.. T imf, -:ff-T imf, i;-~& 
-f-4t7J 5 ~ 5 v:1-J:.. a1 JJ~ M":hl1~ 'f 81 £ ~,Y-# o Jt .:p, 11= :h ~ Ri~ff1J, 1JG:iit:iit 

ITT 1f ~ ( 1~;r;,tj.e.: 0.375Debye ), 4~..:::. lf ~ ( 1~,f,!1..j.§.: 0.44Debye ), xt ..:::.1-f ~ 
( 1~i2t12e.: 0.35Debye ), xt ..:::.1f ~ ( 1~ilt12e.: 0Debye ), 0)Jk~ ( 1~;i:,&.j.§.: 

0.35Debye ), 1-T imf ( 1~i2t12e.: 1.68Debye ), ,r,x.. T iffif ( 1~i;,tj.§.: 1.66Debye L 

Y:l-2l_-ff- Tiffi¥- ( 1~ilt12e.: 1.79Debye) tf 81 £~,Y-# o i!.£, 1~ilt12e.Jt m~-f­

~~*~ tt: ~#~~o ~lt, ,R~~ ~*£~ ~~*~ ~ ~ ~. J:..~~~~ 
12e.;J; 1.8Debye ~ 1.8Debye v:J, r81 ~ R5~ff,J t:p:i£.cfv:J,iJJL%-:l-¼-ff ~-- :i 811~ilt 

12e.~:i.i l .8Debye a1 ~ R5~ff1J 0 

tro .:rLlti©. ii ~if m ~ R5~ff1J 1-R. ~txt ]~ ;tm :Hi ,ft 1tt;tm ~ $i a1 ;tm ~ $i tt :-ttJ ff.~ 

-¼ ~ R5~ff1J l!l 1( 1-t. i7iJ -HJ AO ~-¼ ~ R5~ff1J ~, §~ 1¼' )ff R~ff1J 11t, )ff~ ½xt im 
~~~~~l!l1(~•*~R~~- fEl~,-tf.~~~,1/t:iitR~M~~R~M 
Jc:Ar-il~o fEl Jl:t.' ~ R~ff1J a1 i~ .~, 1JG:iit;f; -tE- R5~ff1J a1 )~ ,~:t~ iiz )~.~,YA J:., ~ 

;J; 1JG:iit tr. R5~1f1J a1 )~ .~ .. ~ 0 .n 5'f', R~ff1J 10 ~ R~ff1J it~~ /t* )~ a{J. 

*~;t-li!J' R5~ff1J :fP ~ R5~ff1J u'-J )* .~,z~ 1Jl:iit 30 ·c ~ 30 °Cf), J:.' ~/Jo1Jl 

:iit 50 °C ~ 50 °CY/, J:_ 0 1f1J -;to' 1-R.JtJ ~ jffi~ ( )~ ·*-- 56.5 °C ) 11= j; R5~1f1J at' .Ej 1~ 

JtJ 2:> iffif ( i~ .~ .. 78.3 ·c, 1~:,r,&.j.§. 1.68Debye) A-ff-~ lffif ( i* ,*, 82.4 °C, 1~t,&.j.§. 

1. 79Debye ) 1t j; ~ R5~fr1J *~ J;t' 1~JtJ )~ ,~, ~ 59 30 ·c ~ 30 ·c y/, J:. a15~1f1J ~' 

-tf.~~ttM$i©.~~~~~~~, $i©.~~~*~~+~~~w.l~*o 
11= ;J; xt ~ illi~1fw~ 81 ~ R~fr1J a1 *~ 1F1l-f-, cf ►:J, ~ tB , :iit in 1f1 ~ c i~ ,~,: 

12 
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110.6 °C ). 4~-==- 'f 1Jt ( i~ '*': 144.4 °C ), fa]_::_ 'f 1Jt ( i~ •*': 139 .1 °C ), ;xt _::_ 'f 
2jt ( i~,*--: 138.4°C ), 0_£_1Jt ( i~,*--: 136.2°C ), 1-Tiffif ( i~,*--: 117.7°C) 

vA 1l-}¥-T iffit c i~ ,*,: 101 .9 °C ) '41 a1 £ 1--#. R5~1f,J ?fP -1' R&~1J a1 fil¼ ff!._j.J 

1ruiJ1. a1 jll¼ 7-J R5~1t1J 1-1' il&1t1J = 0J rJi111-=- 'f 2jt. c iJ1. m 4~-=- 'f 2jt., 115]-=- 'f 2jt. VA 1l 

xt _::_ lf 2jt 'f 81 _f_ ~-y -# ) , 0J iffiM / 'f 2jt. VA 1l 0J rliM IT iffif ( 1-T iffif ~ .r~ T iffif t 
i?r,¼ * '41 Mi #i.Ait JJ~ a<i ¼ i. cJ"" vA im. i:.t,;t ;ffi" "7f" * v:i ll 11; ~JFJ ~ 01 -111& ~ a<i 

ft?}t_~i!_ ~ ifo]~, 1.ei@. '$' 7-J 1~20 ~ :2. %. R&1f1J ?fP-1' R5%-1f1J 61 Wr,¼tt.59:.~ 

4t )Jlj a<] Ftl ~1J, 1.e R5%-~1J 1-1' R5%-Jf1J VA jt i. rt.-i-t1JGi11. 10/90~95/5, ff!._11111JGiit. 

20/80~90/10, itlu1JGiit. 30/70~90/l0o 

~¼*Mi~;ffi"cJ""~im.i:.titfflMJ~~~~~-}j"*,~~,~~*'~n~ 

,;t * , ~1H.i__ ,¼ ;ffi" * , 1$-~ * • ~,J ,& ~ ;ffi" * , ¾ im. i;i- ;$" ( :::r 1/ y ::1 - ?7 ) ~i- , l1!1 

~~~*' M~~~*' O~~*••l1!]~~~*~*~· 
~;ffi"~¼*~~,~i:.t~~~¾R&M~-1'Fl&Ma~7-1~~"7i"*,cJ"" 

~~~~-~~~~-~*~~MJ~~~~~itfflMJ-}j"*o~'ff;~~cJ""~* 

ttA&~~.1JGiJ1.MJ~,~~~*tt~~~.~j.J~~~*,cJ""~~~,~ 

-!J.o , {J -$1J vk~ 1~ il& ;_t_ 61 ~ 14-'-- 61 7i" )£;. J~ ~ :l~Jz]: Jl'.. a1 51fu_ Jt. 1fw iJ1. 5 0~90 ·c a1 iE, ~ , 

1A ~ ;l'.* st faJ 1JG iit. 1 ~ 1 o ~4t a1 te. ~ o 

#l-Ax-t }]~~a{] .if- 55) $ ~.JL11: ( w) ;ti.~k $ i@.-JL a{J f 55) .JL11: ) ~ f}. i@.i:.ti!. ~ i11. 

-tt ~ R5%-1f1J. )fr,¼*~~ R&1f1J a1 *£. ~ ;J:*:i!_;_t_ ~ ~J~t1J. 
~i:.tvA ~ a1 t 1JJ!!.-}j")¼, cJ"" YA:fl f1J ~1)fi11:1ttJ .JLJJl?fP #lA~ JJ~ ~ a1 ;fsJ~ir:i1fw 

ff MJ _j_¼ JJl O lEl Jl:t' ~~ 8}] MJ _j_1;--~ 1t 7-J F~ ;f}J__ 1.R.ffl at a1 Jot j..___ ,t± a11JG * 0 

[4],j_¼;f%tJ .JLJJ~ 

~~ flJJ a11JG~ a'-J ~~"7f" ~ Mi _j_¼:fttJ -JLJJtJ1.;t v:l r 4n,t±. 
( 1 )~-?f-4£t:9t~ 7-J 20 µ m st MJ ~ ~;t_( JIS P8 l 17 ) 7-J l 0~ 1500 :qJ-1100cc, 

1fuil1. 20~ 1500 =tY-/1 00cea ~~Jt.~i:.t 1500 =tY-/100cc at, ~-?f- _j_1;--;f%tJ .JLJJ~1t 7-J 
~~m~~~fflst,~:i!_•~~st~~~&~stMJ~~~:2.A~o~--}j"~, 

~ ~ 1 0 f}i/ l 00cc st , ~ 5~ ~ 4~ 5iiii£L -ft at -it l:fl -1' ~5 iL 71--......* 1T o 

( 2 ) 3f J$1J ~J;_t_j.J 2500mN/20 µ m ~ 2500mN/20 µ m f}, L, 1fuil1. 

3000mN/20 µ m ~ 3000mN/20 µ m V::J, Lo # J$1J {1£-1'~ 2500mN/20 µ m at, 
¥f -i_¼,fktJ .JLJJi-it :h ~ 5~JtJ F~{.i__jll.JitA ~~~at, ~tif 115~!£ JJiJ~o 

c 3) 130°c MJ51fu_£ T*1-r 1 ,J, at~J£~a11A~x.it•~ MD -}j"foJ{p TD "7f" 

13 
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foJ 3:1:j :h 35%A 35%1,A T, 1JG:izt 30%A 30%YA To J&~t.!,m 4~tl 35%Elt, ili 

-t ~?f i_¼,ft±.~ .JLEl11= :h ~ 5~Jf] F~*.i..ill~A ~ ~at a{i *~ 1£.J~, F~~j,tj~~ ~x. 
tm' jjj_~£_!£_ {r~ Pf m~'fi. ~ i%J 0 

(4) *-r-it1~1t,r1., ~ 130°ca1-;lli£T5tl:J.!.1 ,J,a-tl§-a1:ttq_,£;1J 10000 

:fJ/100cc ~ 10000 ::t;lr/100cc YA _t. 0 

( 5) ;1:z1~-;jii}t_7'J 155°C~ 155°C YA_t. 0 

(6)*-r-~~~~~4~, *~~~i_¼-~~~~~' JfJ&¼~~ 

40 °C x 5 ~4r T ;/Jo 1~ ;/Jo & at , flp 1~~ )~ ~t ~ ~ $r-~ 1f a1 ~k ~ T ~ ~ b) ftl ;!L 

~tf, ili -t-~£. aJJ al.] i_¼,1%±.J .JLnl~tl,ri., xt ~,tg__~ ,1:t.t¾,r±, {JtA~5!£, 

i?otJ~ ~x.t-m •r1., -it i~ :tt,t1. YA &.:1:.-t.1~:tt•ri. a1-f-iffer·t±1JG-}f, fEl J1:ti!.¼ ~ 5~m F~+.i.., 

~ $i El~ JfJ ~o JJ j,J--, i_½1%±.J-1Lnla11-J-£ P.f y:J,;iJil}f] ~i!. ~ izt~~, 1e 111Jjo11= 

7J ~ 5~Jf) f~;fR 1~JfJ at, 1JL:izt 5~200 µ ffio 

ili ~£. aJJ al.J i_½1ilJ .JLEl;i:tJ A a1 f~;f.i..xt-t-1~m Jt a1 ~ 5~ a1 # ~ ~~* 4t 
J51J a1 FR.1M, 1e 4t J51J i!.½-r-4.\f_::-_;J: ~ ~ff) :i!: o 1~m d7 ~£. aJJ al.] i_½,JttJ .JLEli1J 

A a{i f~ *R a{i 4.\£-=--ik ~ ~' Pf YA 1~m e.r~O a-!J ~ tzt.,f\1 ~ $r-~ 0 J7 j,J--' 1J:Jf] ili ~~ 
aJJ a-!J i_½ 1%±. J .JLEl itJ A a1 f~ {.i.. a-!J 4.\£-=--;J: ~ 5~ a1 ft {iJ -t!:.. ¾ eA~11 a-!i 0 

~~1fi] 

~tl~T~~~~/J#~~~aJJ~~aJJ,~~~aJJ*~~~-t-~~~ 

~~1f1J 1 

c 1 ) ~1l-t JJ~ -;rt½~ a1 iftJ -$1J 

~ y-;lli T ~?f 2. 7 ;ff_;_ 15ta-!i ~ ( ./, tc ~ t]f -1"1 le G ~ ) * ~ih ( ~ ~o-£ : 

Kynar2801 , ATOFINA ;i±-$1] rt, ,,', #C ~ i~ ¼ * 4: t9 10 ;ff _;_ % , fZ-- ~!h ;f& £: 

2300~2700Pa . s) iW-$r-~ 73 ;ff_;_ f;)-a{J ~ ~~ 1f' iffic.-$1J #C1JtJJ~5~~0 ~1ll1J ~ 

~;f:JtJJ~5~~ ( 75.7 Jff _;_ 15t) 1f ~;/Jo 24.3 Jff _;_ 15ta-!J-;Et,½-=-- lf ~[4F-=-- lf ~ ( 1~ 

t&.te: 0.44Debye) :;fp fa]_::-_ lf ~ ( 1~.t»..te: 0.35Debye) al.J½it¼* 4: 80 ,$: 

,t %A 80 4 ,t %1,:J, _t.], r1ic.-$1J tc1Jt JJ~ -;r~½~o 

C 2 ) .fl~~ a-ti JFJ A 
J!l_};A 2 */j}a-!J:i!.J.t. #~~ l.i~{,ttJ .JL]l[~ ~o-£: t T -1' ~ 7, * :J:rt1t. 

':if ( i:i) -$1J, 4£ 21.9 µ m, ~q_,J.t.: 253sec/100cc, 7f t 1J 5JJ.t.: 3028mN/20 

14 
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µm, 1~~X}ffl-$-: 16% (MD: 105°C/8 ,J,EJt), 5.5% (TD: 105°C/8 ,J,EJt), 

,;}i_1rp ~~5iJt.: 90MPa (MD), 65MPa (TD), -if-:!:±]$i@.➔L-1~: 0.04 µ m, ~ 

:k. ➔Li~: 0 .2 µ m, ➔L F*-$-: 4 7%] , itr.i@.tl ,ftt l!:!7 Ji&.~~ i!- ( 4ft. /#J ( P ~ Jv ;,< o/ 

S/ :i ): #55, 4rU~: 20mm, 4½i£_: 48rpm) ~~ _t_~i?u¼~o -fi~, ifil.tl;Jt 

~lfr.Jt. iftJ1l- .f.. 60 °C {r-J-f-J'*:kt ( 4m) ~ , mAr-f-:J:*, ~1Ht ~¼{tt~ ➔LJJ$L 

~~1fij 2 

~~-+, ~ ( 1~t,&.ie.: 0.375Debye) 41= 7J ;f: R~~1f1J iffie,~lj ~~nm )ft.¼~►::,(>1r, 

Ei ~~1f1J l M 1-t~1J1t ~¼{tt~ ➔LJJ)L 

~~1f1J 3 

~~-tf~r='i~a{Jijc.½tt.11H~;t.:JJ 68.1 ;pt i.153--, ~}Jo1,t:JJ-:f: R~~1f1J a1 29.2 ;pt 

i.153--a11-Timf (1~t,&.iE: l.68Debye) iffic,~,J~ixtJJ~i?e.½~f).>1r, !::j~~1?1J 1 

M1-tJ{t~1)1,tjt_½,ftt~ ➔L~o 

~~1ff1J 4 

~1J:)f] "Kynar2821" ( ~ £,;g, ATOFINA ;i.±~1J:&_, /-.. ~~if{i¼;ff *: 
i!.; 10 )vii.%, ;l'z~½ftJt.: 1200~2000Pa · s) 1,t:JJJ-it ( /\ ~01if{i-1~~L-if~) 

-A-~4h, ~-+ 01 rli~ a1 iffie,½ 1;t 1fHi.;t.:JJ 11 .s $ i.153--, ~-tf i?e.½-==- 'f ~a1 iffie,½ 1;t 1ffHi. 

'/(_:)J 19.5 ]gt i.171'"' ift] ~ 1j ~ixt}J~ )?u½~►A >1r' ~ ~~1f1J 1 M {-fJ{t~1Ht ~¼,flt~ 

-JLJJl o 

~~171] 5 

~~-+ 'f ~11= :JJ ~ Ri~rt1) iffie,~lj ~~}J~)?u½~►A >'r' Ej ~~111
] 4 M {-fJ{t~1J,tt 

~½1Jtk~ .:JLJJlo 

~~1f1
] 6 

~1J:)f] "Kynar2851" ( ~ J7i:r;g, ATOFINA ;;¥±~1):&_, ,,\ ~01if(i¼if-$-: 

i!.; 5 )pt i. %, ;l',t.~;jc&Jt.: 1700~2700Pa · s) ,t'p:)J~ ( /\ ~~f~-1~~C:3~) -A­

~4h, ift] ~ 1j ~txt Jli8i?e.½~ ►A fr, !::j ~~1f1J 4 ~ ,i'-f J{t~1Ht ~½1%t~ .:JL}J~ 0 

1;t4~ 1f~ 1 

f,~~-tf ~ rli~ a1 iffie,½ 1;t 1f1]ii.;t_ :JJ 97 .3 }gt i. 171'", -:f: ~}Jo~ R~1f1J , &lje,~1J ~txt 

JJ~ )?u¾~v::). Pr, !::j ~~1f1J 1 M i-fJ{t~1Ht ~½{tti -rLJJlo 

!;t,~~ 1f1j 2 

F.~~-tf 01 rli~ a'-] iffic.½ 1;t.111Jii.;t. :JJ 68.1 $ i. 153--, ~:/Jo 29 .2 )gt i. 153--a1 Li il T iffil§' 

(1~:t,&.ie.: l.84Debye) ,fJ=:JJ-:f:R~~rr1J, iffie,~iJ~ixtJJ~Jt½~ ►:,(Pr, ~~~1ff1J 1 
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~ ;,f'fJ-t!!.;~1Ht i__¼{tt~ .:fLJJJL 

J;;t.~1:rtl 3 

( 1 ) JAzj- JJ~ ~?t.¼ ~ #J Iffic.. ~1J 
,.(f. ~ i~ T ~% 2.7 Jffr i_ 1~a1 fit ( ,,', ~ ~ 1;./fi-1ia ~ c.;iffi) -A~~h ( ~ J7o;g: 

Kynar2801 ) ;,t.~,,(f. 97.3 Jffr i_ 1~a1 N- 1f ~-2-11tt~;l';tr=1~ ( NMP) tf, i~~1J ~ 

;t;t }1~ a1 NMP ~,t.~ o 

C 2) ,q'l_A~a1-HJ A 
VA 2 }/l/:$}a{Ji!_;t_ 1-½ilil=i ~:#!,1f1J 1 ~ ;J:f a1 ~ [;~,ftt~ .:fL~ ( ~ J7o;g: t 

T .-{ ~7 ), Pl atii!l.tl{%t®#&..;,';t~* ( .$Ft:.l#J: #55, .$frA~: 20mm, if½~ 48rpm) 

'~ ~ J:_:iJ:. JAxt }1~ a1 NMP ~*o }-A.,~~ J6 a1 }J)tJ:_ -t]J}fx. 6cm x 6cm a1 ;tf J7o, ,.(f. 

~ 5~ r 4 G rJil~ ir ;~* 0.1 5}4r O t~J6 4 iftl~;~&..f.. 60 °c il1 t*~m ;:f7--t-t* s 1i"'-

1r, i 1J1t _£_¼{%{~ .:fLJJJL 

H~,4~ 1f1J 4 

f;f;"~+~~T Ei tt.~1:r1J 3 ~1fu1 JAxt}J~a1 NMP ~-t.*a'-JtfJ7oJJli?:*,.(f. 1-T 

ifilf i,?}- 'f v A >' r , l=j 1;t,Jr~ 1f1] 3 Pl if J:~ 1/i1J1t j__ ¼ 1%k ~ -JLJJl o 

tt.~ 1f1j 5 

~ ~+ ~ ~ T f=J J;t,4'~ 111] 3 ~ i'-t a{i ~1xt JJ~ a{i NMP ~ * MJ ;f:f J7o JJl ;~ ~f ,.(f. ~?e,¼ 

..::=. lf 4-),{}-tf VA>'[', l=j J;;t,~ 1ft] 3 pJ ,tfJ-t!!_;*)Ht i__¼,f,t{~ -JLJJlo 

J;;t:,~ 1f1] 6 

F;f;" ~+ i~ ~ T !§ J;t .$i. 1:r 1] 3 M i'-t a{i #(Azj- JJ~ a{i NMP ~$; ~ a{i tf J7o JJl i?: ~t ,.(f. 1f 2jt 

~,?}- tf v:J, j,r, l=j tt.4~ 1f1] 3 p] ,tf J~t1J1t i__½{tt~ .:fLRl o 

xt ~ ~1f1J 1 :fp tt~ 171J 1 a1 i__½itt~ -JLJJl a1 ~ uq ilt irt/1 ,;;; a'-J 4iU911J ~1tt4t,~~ 
J4 ( X 7500) ,Fr 00 1 ( ~:#!,1§1] 1 ) :f.7 00 2 ( J;;t,.$~ iY1] 1 t 1o 00 1 ?)T,F, ~~ 

1f1J 1 01 i__½{ti~-JLJJl.Jl-* 1L1~JJ 0.4~4 µ m a{i rm ;fiAk.a{i$ifil.-JLo l=j .1H::A~L~., 

1o ill 2 fo}f-iF, ,,ff.1;;t.$i.11u 1 a'-J i__¼{tt~ .:fLJJl tf , ~-tit JJ~ :t{i:t.R JJ ti. -=f ~k, 59-:.*-HJ 

~ rm 11-~k a1 jll7 -JL 0 

~ ~1f1J 1 ~6 y:J, 2ltt~ 1f1J 1 ~6 1l lU a'-J i__¼{tt~ -JLJJl a{i 4h,t1.)f] v:J, r ~ )idJ11J 

;to 1t jJ tr..$~ 1:rv 7, ~ T ,t£ ~~1f1J 1 ~6 :fi:i 1;t.$x 1:r1 1 ~6 tf 1.tJfJ a{i ~ c.;;l:;ffi1%t~ .:fL 

Rl a{i ~h •r± ~ )f] M if a'-J ~ )k :itl 1r iY11J ;t_ 0 

•£~£#]*~= ifil.tl~~li-~ilttt~•o 
· 1'l_A£#J4&: ifil.tl.J~fiHr4&-it ( i,$.i\.½-i± ~ Y r =1 iurt) iJ}1;t1'l_lt 
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~ 1fJ ,~,.J~ a1 4 Il, -#-it .n- ili ~ ~ 0 ~ q-;rt 3/ .:f LAl tr-J 4 It. z ~ o 

· ;11-A ~ &1 -f- t5i 1t i@. .:sLtt: 13lJfJ 4~ 5J]tl ~ tit 4t ?Jn1J ;t, 1 o 1'-1t i& .:rL a1 .a 1§. , 

* itt.1-f f :l:5J 0 

· ~~It.: J~,EHl JIS P8117 ittA-f5Ji1tl;t., Jj"<.ili~~,i-;1; 20 µm a1Al~a11.m.o 

· JL f}R -¥: im. :i±. ~ :i * :itlA-f ?J!tl ;t." 

. '.If;¥~ 5l;'t_: 13l)fJ .1l-1~ 1mm ( 0.5mm R) a14tY/.. 2mm/~;ta1:i!,}t_?J!1J;t.xt 

i_¼ J {;ttJ .:fLAl:itl :f-t '.If ttl Et a1 ~ k ~ ~, -}f- Jj"<. ili ~~ _n. ;1; 20 µ m Rl4a11A" 
· 1A ~k~m-¥: i_¼1%tJ ;;LMtfJ.. )fi Jt=- MD -}f" foJ 1Jt I!J ;t, a1 ~}(~ l!J ;.t_ff.i!i*n..J:. 

( l!J ;t, a1 * It. 7-J 3 . 5 cm ) , ,ff. 13 0 °C 81 )jfu_ }t_ r ~ Jjl I , J, at , ?J!1J ;t. TD -}f" foJ a1 ~k 

tm-¥0 
• :t-t1~4t•r±: ?J11J~,(£J~~ktt-¥?JN~~1t c 130°cn ,J,at) r~JJLroa1~ 

~It. ( JIS P 811 7 ) , -#-.,~ ili ~ .n. A 2 o µ m ]l}.t a11jL 
· :J:%1-t44-•ri.: ,ff_ 01 ~~JZ -t :h 4cm x 3cm {rtJ ,fl!.{fi..J:. );J, Jt MD -}f" foJ )5 ;f[;rn.. a{J 

* ji}_ -}f" foJ ali -}f" A. !!l ~ i_¼1tt J .:sLAl, ,(£ 1 so °C a15_g_;t_ rill-fr 1 o 71'"4r 1~ 7t JJL , 
~R~~~Mto~ro,ji;_~%~5~71'"~~~~~~Jt.ji;_:itlff~#~~1'J::~, 
¥f-~ ;):Zffi:.Rl af] 5_g_;t_ 1t :h 1Z1-t51fu_}t..o 

· ~-?f j_i;,-{;ttJ .:fLAl~,,(f. 2 J=t :tn..~k ~;t,&. ( iE;rJ,l: LiCo02 -. ~ ;rJ,l: ~ ,J,) Z 

faJ, 13lz¼i~.tM~ c ~~~= LiPF6- 5z.3'f,J: i;Jtillit~0@~+$£~-==-0ifil~ t 
ttro' m &½:tJGilt:f-t 40°C X 5 ~4f/Joj~/Jo&ro' 4if ~;i:J,l:;ifP j_i;-,fJtx.3/ .:SLAl11J ffe!i' 

ift] ~ $x11 lrf.¥.}t_o il -;r- -,1J ;t.£.;,1f. a1-i0--;-71'" ]U Jt' 0 : J.'[1 v:l, ~lj ~ ' YA J;l_ X : ~ 

f), $- l& Jili_. ~lj ~ 0 
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1f1J No. ~~1fu 1 ~~1§12 ~~1f1) 3 ~~1f1J 4 
?k1;/fi:]:1:{tf.J :fLMt PE {ti% .JL~C4) PE 1%t% Jt.,~C4

) PE ,{tf.J .JL~C4
) PE {tt§ :fl..~ C4) 

Aft;$°~ 
~~tR~ P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) 

*~4-,/s) J±_ll~ 4"fo/5) ./"'- 71<- *~4-foi<5) *~4,/7
) 

¼:i ( v.1%) 2.7 2.7 2.7 2.7 

R5~1f,J 01 ti~ 01rli~ 01rJi~ 01rliM 
¼:i ( v.1%) 73.0 73.0 68.1 77.8 

.:f: Rf~1f1J -'~A - 1f jjt(6) It a - 1f J.jt 1-Tij.f- :'!'J A - 1f jjt(6) 
/);t:,p -

µ (l)(Debye) 0.44/0.34 0.375 1.68 0.44/0.34 

¼½(wt%) 24.3 24.3 29.2 19.5 
'A~ )6 foJ .:f: R •b . J fl{J ·3 :Ac-l,f-. 0 ° " i~A1 • 1X1,!i1 

-1' R.)~1f1] - - - -

µ (l)(Debye) - - - -
'

3 ±at f~ 1X l'A ' B ( ~) - - - -

f-:,l'*~14 
51& Jt cc ) 60 60 60 60 

Elt fa](~) 2 2 2 2 

~1;--,f;ttJ :fLJ1lM14h 1r1. 
.q'l_A ~ a{J ~k 6 7fJ A T 00 {.i ~k a1 -HJ A T 00 ;r.i ~k 7f_; A T mJ ;r.i ~k *3 A T 00 {.i ~k 

i!fl .:fl. a~~ .:fL fr{i im .:f L, {1:1 j. *it ai tm:rL 
JJ~ :ifi :fR A J:J ;f'i 

-f-~k 
::r'IA~ ·M1 ~!ff..(µ 1.0 1.0 0.9 0.5 
m) 

1"-~~ a1 + HJ 1r 2 2 2 5 
iift..:fL.:{}.( µ m) 

~ q,;t_ ( sec/ 100cc) 523 548 1208 419 

1f t-1 11 J;t (mN/20 3733 3645 3361 3616 

µm) 
1-A ~§:.t,m $ TD(%) 29 29 29 30 
.Jt Ii] 4t 1fi. (l) 27000 55000 31000 41000 
( sec/I 00cc) 
:J:%1-t,51&.i..CC) 160 160 160 160 
::f P ~ :fJl a{J ?f,5 {¾ ,t:i (3) 

iEAJl 0 0 0 0 

~ iJl 0 0 0 0 
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1f1J No. ~~1§1j 5 ~~1§1] 6 J;:t~ 1§1] I J;:t~1Jd 2 

~J~)'~,ttt§ -JLJJi PE 1%t§ .:fLJJi(4
) PE ;ftt§ .:fLJJiC4) PE :{tt§ .:fLJJt(4> PE 1tt§ .JLJJtC4) 

,';t~m_ 
~~tJJ~ P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) 

**q-J,;(7) -#-JitAhcs) **4,/5) **q,J,;(5} 
¾.i (wt%) 2.7 2.7 2.7 2.7 
R~~if1J ~iffiF} vZJ ffiM ~rJiM ~ /Jij;;) 

¾I Cwt%) 77.8 77.8 97.3 68.1 
~ fk_~jf1J 'f~ .·o A - 1f ~(6) 

It\:; O - - [.., ~ T illii§' 

µ (l)(Debye) 0.375 0.44/0.34 - 1.84 
¾l(wt%) 19.5 19.5 - 29.2 
'A~£ foJ ;r.:: R '"" . la<i •;1 ~ 1,f, o o ' ~Jfl . /'R1J! 

~ t-5-t--t,,J - - - -

µ {l)(Debye) - - - -

•;1 :.;t;...Elt 'ij i:z1Y1 · IE! ( ~'-- ) - - - -

f-)'*~14-
)lfu.Ji.CC) 60 60 60 60 
at fa](~) 2 2 2 2 

-i_¾ {;tt J, .:JLJJi s{J 4h •t1. 
1'1J-z..~f!]~k~ :ffj A T 00 ii. * a¢J Jf) ~ T 00 .ti ~k fro .:JL a9 :ff) A ~ fro .JL s9 Jf) A ;r.:: 

fro :JL a¢J fa1:;L 8J=J ifr- , j. ~t Jjlf; :tfi El}] ifr- , j. {Xf JJ~ :tfi 
:fY-A 71 t.ft. --f-~k :fY- A 71 t.;t -f- ~k 

:t'l J-z.. ~ a{i 4 Ji. c µ 0.5 0.4 0.8 0.5 
m) 
:t't~~a1-f-HJ$ 5 5 ~ns)9l1J.:t._ ~ rjE', )yjlJ .:t._ 

i!.:JL{:i:( µ m) 

.i!t:\.£(sec/l 00cc) 683 362 65000 5800 

~ tu ?! ff_ (mN/20 3410 3361 3528 3479 
µm) 
!A ~X.f-fil 4 TD(%) 30 29 28 28 
-it J;f) 4+ •t1. (l) 100000 31000 >100000 60000 
( sec/ 1 00cc) 
:1:z1ti51fu.&cc) 160 160 160 160 

;fP lf!, -t.&.a11&;f¾,r± (3) 

.ll-{.&. 0 0 0 0 

:51 {.&. 0 0 0 0 
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111J No. l:t.~1f1J 3 tt.4:k 111J 4 J;t.~111] 5 l:t.~ 1§~ 6 

~1,ffi:J:~;fftf.§ :fLMt PE {ti§ :fLJii_(4) PE ;ftiJ :fL}Ji_(4 ) PE ,fti§ :fl,}Ji_(4) PE ;fti§ .JLJ)iC4) 

-~~;fl ✓, ..... 

l\.tJt }]~ P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) P(VDF-HFP) 
*Jlit4b/5

) ..±±-~i-fo/5) /' 7 * Jlit i-J/5> *~4fJC5
) 

¼:i ( Vvi¾) 2.7 2.7 2.7 2.7 

tU~1f1J NMPl':JJ NMP'-':JJ NMPl"J NMP'") 

¼:i Cm%) 97.3 97.3 97.3 97.3 

~ R5~11J - - - -

µ (l)(Debye) - - - -

¼:i(wt%) - - - -

~;;ffi J&- ifiJ ;;r::. it.,,_ . J ·M1 •;} -.st-,,t-- o O , ,..'&- ff 1 • i'.R. m 
.;r::. R5~11J L.; iffif 1-T iffif ~R:..¾ .:::- 'f _1jt (6) 'f _1jt 
µ (l)(Debye) 1.68 1.68 0.44/0.34 0.375 

•'El -.±.at i~ )5i:IJ)l , El ( 1f) 0.1 0.1 0.1 0.1 

f-;l:*-?fe--14-
;J&Jl("C) 60 60 60 60 

st fsJ (1f) 5 5 5 5 

~¾{ti§ :fLR{ a-!i 1h •r:i 
,11._.1,__ fk €11 ~k. ~ I\. :+.xt ,m Jfi ::f;; ~ n ~ .P-- ¾. tm -JL a1 ~ r- ¾_ fm -JL al ~ Y-- Jt tm -JL a1 

tt ift~k. -JfJ A ;;r::; Jt :0-- , !tr"J 1fj ~ ;;r:; Jt..1]'- ' !tr"J 1fJ ~ ~ Jt ~'- ' itr"J 
R1l_A Jk :ifiJ ~ .Jl,1'1_~ /k :if1J ~ .JL:r'iA fk :if1J ~ 

11- .1,__ ./¥,; {r!J JJJ- Ji. ( µ 0.8 0 0 0 

m) 
,1'1_ .1,__ ./¥,; al + J±) it ~ fit)])llj £ - - -

i&.JL1l:( µ m) 
~ -q,;t_ ( sec/ 1 00cc) 1551 265 260 259 

3f ~1J 11 Ji. (mN/20 3224 3038 2999 3018 

µm) 

P\ ~tJt-$- TD(%) 29 32 32 32 

-:it l;f] 44"•t1. (2> 50000 1900 1810 1850 
( sec/ 100cc) 
;tz_1-l:'.,~l&ft_(C) 160 155 155 155 
,to 1£. .t1t a1 t,i;-ti,r± <3) 

JE.tll 0 X X X 

~;tlt 0 X X X 

20 



200480034190. 3 

1f1) No. it,~ 1f1) 7 
~:.t.;.l'1:{%t§ JLJJl PE ;fit§ .JLJJ{(4) 

,~;;fji"~ 

JA1tJm -

1;-;_ ('Wt%) -

R~:fi,J -
1;-;_ (wt%) -

:;r: R;~ri1J -

µ (I)(Debye) -

¼£(wt%) -

'/2--;;fji" 16 foJ :;r: R .,,,. · J a1 •'Ef •,j;:_ /,f", 0 o ' ~}fl ' iSZi!n 

~ R;~t1J -

µ ( 1 )(De bye) -

·=1 -_i:.,Bt -~ t'.z iW • 18 ( ~) -

-f-~~14 
~~Jt("C) -

st fs] (-H-) -

~¼{tt§ .:fLJJl ~ 4'h •t± 
1'1,i,_!i:a,t:J.k~ -

;ft. ,i,_ A- iiv Jl. Jt c µ -
m) 
a ,i,_ Ii: a1 + :t±J it -

if!.:fLil:( µ m) 
~ ~£(sec/100cc) 253 

Jf ,M ff £ (mN/20 3028 

µm) 

1~ ~xJm 4 TD(¾) 16(MD)/5 .S(TD)(wJ 

-if ltJ 4t•t±<2
) 1820 

( sec/ 100cc) 
:l:Z1-t~J&Ji,(°C) 155 

;.fo ~ ill a~ t.!;.:J~•t± (3) 

£ill X 

91 ill X 

;,:t.: ( 1 ) 1~t-&.ie. 

c 2 ) 13 o "C at 51fu. It. r iti 1-t 1 , J, at ~ J-£J6 a"J ~ ~It. 
( 3 ) ~f jt¾{tti .:JLJJ~:3/t.1±- 2 Jt *°'";/k tAg__ ( iEAg___: LiCo02 , 91 i-&.: ;G -~- ) 

Z fEJ , 1~ Z 1;-i~ lt1 m. ~ ( lt1 m. J9t: LiPF 6 , i~J11J : k£iffiliIE, 0 @~+k£it--==- Li ifil~ ) 

}6, )fJlE.¾;i:JL±ttAT 40°C x 5 7)--,iyjJo}~jJo,LE., ~flt1;f:-&.5fPjt½1tti .:fL~~:ffe1J $:;, ift] 

-:t- t 1J ~ a"J xii- lb ~¥. It. 0 

( 4 ) ~ Liil,{%f.~ .:JLJ]~, ~ J1o ~: 't: T -f ~ 7 , ~ :J:f,,&1-t. ':if ( Jf?f-.) 1M 
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( 5) ~ ( /,, ~vs1~-1~~ G:)$) *~4h ( ~ i-Yo;g: Kynar280L ATOFINA 

;f:±~iJi½, /', ~vs:J:~¼* 4: i-!; 10 }9f i. %, :J:$.~:k1tlt_: 2300~2700Pa · s) 

( 6) 4~-=- o/ ~ ( 1/I!i:tll..1€.: 0.44Debye) {i:i /1:11-=- 'f 1it ( 1/I!iill..J§.: 0.35Debye) 

s9¼-it¼* #-: 80 4 ¢ %~ so t1: ¢ %►:~ J:. 0 

( 7) ~,t ( /,, ~vs1~-1~~G1~) *~4h ( ~ i-Yo;g: Kynar282L ATOFINA 

;f±~1Ji½, /', ~vs1~¼* 4: #J 10 }9f i. %, :J:$.~½4t£: 1200~2000Pa · s) 

( 8) ~ ( /,, j__vZ]:J:~-1~ ~ G:)$) *~4h ( ~ J7o;g: Kynar2851, ATOFINA 

1±~1Ji!t., /, ~vsf~¼* 4: i9 5 }gf i. %, ¢~:k4tl.t_: l 700~2700Pa · s) 

( 9) N- o/ £--2-PJt~;J:;tJj~ 

( 1 o ) ;)--J;1J xt-1%tJ JL])t,tE 1 os °C {!9 )l&Jt.. T :ift1-t 8 ,J, st 5(]:J.2 st a9 *~ fo? 

( MD ) , j[, ~ efiJ ( TD ) {iJ ~k.i'.'ffi 4 :ittA-t 3 ;k_ 5J!1J ;t , ;]<--t- :l:5J 1A o 

-:ko ~ 1 fJT-iF, * -~ :f-~ 8JJ flJ ::t *~1J :i½. a9 ~ ~1f1J 1 ~6 a'-J ~¼ J JLHl,tE~ ~ 
Jt., ~ t-1Hilt_, 1A ~t.t~ ¥, -it 1'.fl 4t,r:i, :kt.1-tAt,r±r:--t ll.xf \.f!.;fll.. fr!i tt-:Jt,t:i.J:.;;z 1JG 

-Jf- e1 o J5 -:;t ifi1, ,tE tt.$~ 1f1J 1 tf:1, tb -=t ,tE;¼~~ tf:15k* We.¼ ;f: Ri~if!J, llil JI:t 

;k~ nj AiJIUi.~JUlJ ~ro JL, ~ ~}t._,,ft_ o ,tE tt.$:l 1f1J 2 'f , d7 -=t ,,tf_ ,~ ~ ~ tf:1 ;?t..,1;-- T 

1~tll12e.M.ii 1.8Debye a1:::F- R5~Jf1J, llilJI:t5k;ff*JAwli.i~k.a1~roJL, ~~,OC_,,ft_o 

,,t£ tr.~ 1f1J 3 -t, tb -=t5kif efiJ ;¼~~ -t m~,¼;f: Ri~Jf1J, ,,tf_~~ ;€;, i~m ,tf-;f: R 

5~1f1J tf:1 , llil JI:t ;kif *J A !2J ;f;i.~k. a1 ~ro JL, ~ ~£,ft_ o ,tE ttK 1111 4~6 tf:1 , tlJ -=t ;x_ 

*efiJ;¼~~~~¾~R~M,,tf-;¼~;€;,&~,tE~R~Mtf:1, ~~, ~tt~ 
-JL {!9 nj A ;f: Jt~' rm n4lAAt-~.1.. ~tl iL ,tE J;t..$~ 1f1J 7 'f ' tf1 -=t 5x.* ~itj-~:fr At-' 
ltl .irt-it l;fJ 4t1f:£:fP~t ~,t}l a{J 1t-i¾•f:f_ft 0 
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£MA*~~Z~ITT-~~-$R~o 

7. :f!i17i5:fx%1J~* 1 ~ 5 ~13:~rpypfi~B1~F7t¥=t1)(~1tRJ=l=H~ijJL ~t~tiEtEr, JiJr~$.fL 
£MA*~~z~~-~~ITT~~~-$R~o 

8. tli 17i5 :fX%Ll ~ * 7 m ~ 1'11.J ~ F 71( ¥=oz ~ tm ffl r~ ijJ, ~t~ ti£ tE r, Pfi~ ftH-m r~t'll$ -tUJ 
A~d> 2 ml2),_tITT~tzg, i~ 2 m~aJ.J~m*~~Zi-m, 5j~m*~~~r-mo 

9. ~F7J<.¥=l)(~~tR, ~1tJ=l:H-x%Ll~* 1 .~ 8 ~13:~rpypfi~BI.Jr~~o 
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~JKtvU~ 
[0001 J * 1t ~ ~ & ~F 11<¥= 1JZ ~ifuffl r~ HJ& ~F 7](¥= 1_x ~ ifu o 

[0002] l?J fflU~ ~ = {}Z ~ Yfil 7'J 1i'. ~ITT~ F 7j( * = {}Z ~ Yfil *~' iz:1:-tl!.}=§ ft~ ic * ~ ~' ~ ,f}l' ~ 
111?i~§t1,ffi1~1i!x.f~,tJLwif:ffi.rl.'.:~~i&~Er~ ~$Jl O JJt'Jr,ili:i¥*, EBrJl.~ ~f:m;WI!f~tt61 
t~fil, ~ ® ~ ifilft~ * w 01@ffl ill fttiJf :n 4i 0 
[0003J 1-'J':~JJI~if:ffi.rl.'.: ~ ~i& ~ ITT /J,~ 1-t, $?:; 1-t, ~F11<¥=1_x ~ifu'JH~L~ftoo ~'-lito ~ 
t<JJ, 1~}=§:,;fHHfxJ ~yfuffii{'F:7'J'Jr~~, {B ~tl[J§:fftttl::\ T fflffii'Jr~~, fJlft:t2E:ff 1ttl::\ T ffi~i5'~ 
~ITT:tX'Jr~~o 1~J=§ffi~i5':$x'Jr~~a1, 'Jr~~*:tX, IEJJJt, 1-¥~~ftli!x.~, ~~-'=c;r~HJzJsJ 
~ a1 ~ ~ fsJ ~'R% JvG, Zf:ftfll'! :ff ~itt~~~tt 6115z7f\:i,*~ o 1'Affl'l*i~ i*~ 61 x_m ,8 ti::\ 1t, ~~ ~ ~ 
-'=c; r~ HJi!t1T '¥r1i 15' ITT tt * ~ 1t~ 61 , E ~ 1~ $ vz*t£~ 0 
[ooo4J ft7'7Jt4i 01--t-t£~, E~o~f~ffl~~ EB~ffi~ z.Jt¥1Jf A§'1jgJvG01 $JLm c L?J r, ill 
~7'J~i5'tt$Rm)JvG~T~7'Jl?Jtt~~ITT~~~-$R~LWmITT~~ITTtt*c~~~ 
YI!. ~tUJt~ 1 )o Jwi:tr1t15'-t1$JLmW l§, :i'fft15~ ~ffl,1,&01~~rll~tE ~tRL#mlli, IJ!Ugt 
'UJ$1~ ~1R-'=c; r~HJ ~1,ff:i:i!!.~15', ~fLl'¥r1i 15'1rU 01 ft J=§ o IEJJJt, et'UJ$ r&l'f :$x~~ ~ifil 01fll'!:ff ~itt o 

[0005] :'h 'Jr, ftf~J=§ l?Jf1:61~lf-lUl'J!,~~**Ht ~Yfil61't~oc r, ~~ ~~-'=c;r~HJtElli5'61 
~~r i!t1-r:¥1r:tie*mHt ~ifil:n:14, ~~i~:n:14-'=c; ~ffl,1~-~M A~~ ffii'Jr~ pq, mUfflG ~Yfil O :1j 

-1Jffi,ft~J=§L~~~Jt~l~ttITT~~*~~:$x~~~YfilITT~ocr,~-'=c;L~~~­
'Jr~~ ~rm Pltt 011JttmHt ~rm:n:14, ~~Jt-'=c; ~ffl,1,&-~tt A.:$x'Jr~~~ i1q, :tiJ§ :/Jo Am 
lli Iff, mu }VG ~ 1fil O EB JJt, ft 1~ }=§ -tzo L m ~ 61 Jl. ~ fr1i 15'-r1 $ JLm ITT p~ HJ 61 't~ oc r , gt 'UJ$ ~ -'=cj 

L~~~ ffii'Jr ~~™Pl tt 01 ti~:tiHt ~rmx 14, IE! JJt:t2EJl.~ x ~xt L?Jf1: ITT~~ ffii'Jr ~~ ~ 
Yfil 61 mUm:Iff JJo l?J A ~ii~ J! 61 {JC ,8 0 
[0006] 1'AL~~~tl::\1t, iJt~t:m~v&$JLHJLm~~fr1i15'·r1$JLm01r~HJW l§, :ct~E 
~~#tt*t£~0~~,ft~~Jt~14i,~~U1t*ITT~i5'tt-'=c;~~~~~:cttt~ttITT~ 
,8tl::\1t, ~~~r~fffiB~Z.~¥1J;fA§'mITT$JL~1jg-'=c; ~I!f, t£tl::\ T Wr01tt*ti~ 0 

[0001J fYl~tt*Jt~ 
[ooosJ ~tUJt~ 
[ooogJ ~tLlJt~ 1: B *t~i"F~ 4127989 %0:t~ 

~llJ:H~~ 
[001 o J {B ~, -flJx- ITT~ F 11( ¥ = 1JZ ~ tm 61 IE YR~* fit YR EB*~ f;t-'=c; ft~* ~ f:t L % JvG 6115 
~~~mtt~~&~i5'MffiITTmtt~~mm~JvG 0 WH,L~~i5'tt$Rmftm:ctmlli-'=c; 
~tR1~15'61't~oc r, ~-'=cj ~YR 4i 61fr1ii5'tJf Jj§'fr1ii5' 0 IE! lit, 7'J T tim{iJ! B!:fff 61 '¥r1ii5''t1, f;t~ ~ 
tR pq 61 '¥r1i 15' tJ-t A§';$ o 
[0011J ~w, 7'7 T i!t-wt£~ ~~ITTet;wI!f, ~ '.16,~t£~ ~YR4i 011§-t11m~01* ;, 1x 
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:i&fi1i~fx;f Jnt*; y, o !El Jlt, frfJJl ~ tt * ~ :h T W!1 {~ ft 5t l'I{] :¥i1t~·ri, ~ '.1Z, ~fr£~ ITT tlffi.fjf_, £ 
~ l'I{] lli JJ z~ l'I{]? :K't~14 T mtr fil EE: 0 rm JL frfJJl ~ tt * ~ , fr~ ri l'I{]? :K't~14 T * {r fil lli 
S1 , ~fr EB. 1ffiff #l Z Jrt~ rx;f Jj\'t:ftJ nX: l'I{] fi1i ~ ·ri $ JL~ ITT$ JL ~ ttJ J'm J:j l'I{] IJ::iJ H.~L !El Jlt, fil lli I ff 

J§ aq ~ -=f-~ tt ·ri ~~ft 5J', xt L;J, ~1~ fl tff l'I{] ~ iw/t~ ·ri o 
[0012J :'h:7r, L;J,{tffl-=f ~t&l'l{]fi1t~fx;fAijJll 1t:h.1ffiB#l ZJm]UxHij, ~ Jlt~§Xt, i!i4*@ffl 
*Z~-T=~~~ITT~~filfr~~oM-=f~ffITT~ffl*Z~-T=~~~ITT~m,*ffll;J, 
ttITTA4fil~tt$R~ITT~~.~~L;J,~~~-=f-~tttt~fil~ttrm~fflft5tITT~tm~tt 0 

[0013J J.J,._~ff l'l{]~jjt ili 'fe.., :zl':'fe.. ~ l'I{] § l'l{]fr-=ft£1~-5fo/~F7J<.¥='!!J(~tmffl r~HJ, Jt~fJJl 
~ tt *~§ !:t , ~ ~ 1,& ITT fi1i ~-t111t!ff , Ji fr~ ~ 1,& :¥i1i ~ J§ ill et~ W!! 15F: ft 5J' l'l{] ~ -=f-~tt ·ri o 
[ oo 1 4 J :zt: 'fe.. ~ :h T m~ tk: _t ~ i* H21, *ffl L;J, T ttJ PX o 
[0015J 1, -5¥o/~F7J<.¥='!!J( ~tmffl r~HJ, Jtt~filfr-=f, A4$JL£;f;j l;J,&frJifi~$JL£;f;j 
l'I{] ~y, - 00 % PX EJ{J $ ~. iffiff #l Z ti¥ rx;f m'i ITT fi1i~tt $ JL~, 
[0016] Jifi~fi1t~·r1$JL~aq~imfjf_:h 20 ~ 35%0 
[0017] 2, f~W_t~ 1 ,P)T~ l'l{]~FJJ<.¥='/J( ~tmffl p~ijJ, Jtt~filfr-=f, frffl~$JL£;f,j l'lf.J-
ffi%PXB{]m~fi1t~·r1$JL~l'l{]m;:h o. 5g/m2 

.~ 1. 5g/m2 o 
[0018] 3,t~W_t~ 1 ~ 2 Jifi~Bf.J~F7J<.¥='/!J(~tmffl p~~. Jtt~filfr-=f, m~:¥i1t~·ri$JLm 
%ffltfr?JT~$JL£;f;jl'l{]*ffi;fO~ffi o 
[0019] 4, t~W_t~ 3 Jifi~l'l{]~F7J<.¥='/J( ~tmffl p~~, Jtt~filfr-=f, frffl~$JL£;f;j 1'11.JM 
ffi%nx:l'l{]m~fi1t~·t1$JL~ l'l{]Mffil'I{] ,ttm;:h 1. Og/m2 ~ 3. Og/m2

, 

~W] m~fil~tt$RmITT-ffi~ITTm;~:'Jj-ffi~ITTm;z~fflM-=fMffi~£;fr 
20% L;J, To 
[0021] 5,f~W_t~ 1 ~ 4 ~{f:-JJJ1Jifi~aq~F7J<.¥='!!J(~tfufflr~Jm, Jtt¥filfr-=f, )A%PX~ 
Jifi~fi1i ~·r1 $ JL~ 1'11.J tit~ 1'11.J Jifi~ ~ F 7J<. ¥ = '/!J( ~ tmffl r~ HJ ITT Gur 1 ey ffi C :!; ~ ~ ffi) ~ ~ Jifi~ 
$JL£;f;j!'rq Gurley ffiJ§l'l{]ffifr 300 tJ /lOOcc l;J, To 
[0022] 6,f~W_t~ 1 ~ 5 ~H:-JJnJifi~l'l{]~F7J<.¥='!!J(~tmfflr~HI, ;ttt~filfr-=f, JiJr~$JL 
¥tt:h*~-Z~ITT-~~-$R~o 
[0023] 7 ,f~W_t~ 1 ~ 5 ~{f:-JJnJifi~l'l{]~F7J<.¥='!!J(~tmfflr~HJ, Jtt~filfr-=f, JiJr~$JL 
¥tt:h*~•z~~-~~ITT-~~-$R~o 
[0024] 8,t~W_t~ 7 Jifi~l'l{]~F7J<.¥='/!J(~tmffl p~ijJ, Jtt~filfr-=f, m~-~~~J:$JUJ 
:h~Y- 2 ~l;J,_tITT~ttJ, i~ 2 ~~l'l{]-~*~•ztt, :'h-m*~•~t:mo 
[0025J 9,-5fffl~F7J<.¥='!!J(~tm,Jt1J!::ffl_t~ 1 ~ s ~ff-rmm~l'l{]r~~o 
[ 0026J 1~ w * 'fe.. ~ , et~ ~1~-1o/ ~ F 7J<. ¥ = 'l!J( ~ tmffl r~ ~, Jt ~ :EJJl ~ ~F 7J<. ¥ = 'l!J( ~ tmffl 
~~ffl~,~~mITTfil~tt~:'ff,lifr~~mfil~J§m~~W!l~ft5tITT~-=f-~tttt 0 ~ffl~ 
ff s{] * 'fe.. s}j ITT r~ HJ, et~~1~ et; E fjf_ ~ , ~ ·ri et ITT m ~~ :>1r~~ l'I{] ~ F 7J<. * = 1}( ~ i'm 0 

~1*~:Afli1i:r:t 
[0021J :zl':'fe..~ l'l{]~F7J<.¥=0(~tfilfflr~~l'l{]t~filfr-=f, A4$JL£;f;j, l;J,&fr_r~$JL¥ 
ttITT~Y--ffi%PXITT*~•ffi•z~¥MmITTfil~tt$R~,_t~fil~tt$R~ITT~imfjf_ 
:h 20 ~ 35%0 L;J,T,Xt:zl':'fe..~:itttfi:¥:§fflitl~o frl;J,Titl~~'*"~" 1'11.J~ffim!E~t~~* 
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_tr~m& rr~ml'lf.J~mmem 0 

[002sJ ($JL£ti) 
[0029J R*1zS}ji::p,J3/TiFl$:fL£ti¾t!'tpgWA~~JL~~lr5tl'lf.J£ti o ft7'JJ3:tfBI.J£ti, AT 
Ju* l±I ftlj $ JUJ, xjJJ ;;(ff, ~{k Jt ti~ tf tl {k1?7J tzg MI'!{]$ JL'l1: Jt ti, ~ w Rvti $ JUJ, $ JL 
ttJttt_t~~1~~_t~~~$Rtt~Wffl~~~$RJttt~ 0 S~~~.mffl~$Rffl 
¾t!'t7'J pg WA~$~~.JLJiJ3: ®ftlj.JL~~Bf.JtJHzg, ~f*~w~ 1*f:Jt1J$ JA-OOifiOmiLl 5j-00 
1'11.Jffl o 
~wJ ~M$R£tt~ttfl~1J$~fflA~~~~tt~~mttfl~wxmttfli::p~ff­
#0M~£tt•~*ffi~~~~Bl±IJz,~mtt~~mmmtt~m~7'J£tt~~~ttfl0R 
Jlt, ffl1Fl *ffi J;fJ f:Jt¾t!'ttE ~ 11hrlfil.Bt fr~ Bf.Jtl'r 0t r, m fflttrxf A~½:mHt# pJi£ $ JL£tt Bf.J JL, 
M W~ffi ~-=f 1'1{]~29J, 1W ll: ~tfilfil:'.K~Bf.JJ:}Jf:!to ft 7-Jfilffltttxf A~, 1Jt~iG B fB;;-=f 200°c 1'11.Jm 
ffltHxf A~, t~111J1Jt~Jt8Wd~o 
[0031 J ft 7-JfffflJPHi~l'II.J$JL£ti, 1Jt~~:ti~ftlj$.JUla ft 7'J~1i~~$JUJ, AT 1tffl 
A~ ft 5t ~ jJ ~ 1m tt l:cj ~ -=f m:jjj1 Bf.J ~ffl -=p ~ 13:. Bf.J ~ ~ 7JOK= {)C ~ Mffl p~ ijJ Bf.J ~ 1m'.ti:vtl $ 
JUlo Wli, JJJt~'l$~~$JUJW ~, JAA~ _t;£*ffiJ;fJf:JtJ3:tf~xJJ,~l±\Jz, 1Jt~13-~~Z. 
'.l:i,ft7'J~Z.:til'lf.J13-]L1Jt~R 95 !t; % ~_to 
[0032J 5j!Jr-, JAmt~R•a-=p ~11fil.a1~4t-~liNffi astiBtl'l{]ootm·r11'1{]xJJ,~ l±I Jz, tt~13~ 
~Z.'1$1:cj~~'l$~~'1$~~$Rffi 0 ~7'JJ3:tf~~'l$~~$Rffl,AI*ili~Z.'1$1:cj~~'l$ 
Rl*Jttti::pm~~~$Rffi 0 RJ3:tf~~$Rffli::p,M~~*ffiJ;iJ~l:cjtimtt~~Bl±I 
Jz,1Jt~$~ 95 £; % ~_tl'lf.J~Z.;til:cj 5 £; % ~rl'lf.J~~'.l:mo 5j!Jr-,fA~JBpt*!mr}Jf:Jt1:cj 
mmtt~~Bl±IJz,~tt~~m~~$Rffi7'7~~2~~_t~~~li7'J~2~i::p~-~* 
~~Z.');$,5j-~13~~~'1$~~~~~~~'1$~~$Rffi 0 

[0033J ~:ti~Bf.J£:l:SJ5t-=f; tt~ 10 7i ~ 500 7i o *£:l:SJ5t-=f ;/J\-=f 10 7i, IJ!IJ~aixt~ 
lliE!f~JE5t~fJ~W·r1 □ 5j!Jr-, **r 500 7i, IJ!U~ai*ffit~tt~~, ~aiM~~1~1,!!x!o 
[0034] J3:tf EJ{J~:ti~~$JUJWtl1zCTAJJfil.i1 ~ r7Jtt:1Mm:o ep, AT* l±\1zCTr7J1t: : tc(1JC~ 
JJfil ( i) ~%-rn;:El'!f.J~:ti~txfA~M T ~tltff l±I 'mLlMJttil'lf.JIJ=f, (ii) xt _tj£Jtti~JJfil~ «Ht 
~lJ.1'11.JIJ=f, Ciii) 1il1$ Jttil'lf.JIJ=f,& c iv) ~%-Jttin!:1Tm~JJ.~IJ=f, WM~$.JUlo 5j 
!Jr-, ~ m * l±I -tm r :n1t~ = 1~ 1JC~ ~ c i ) ~%-~ ri~txt A~ 1=cj 1~ 1*~ !1$~:t~ m iu-~rn~, ~%-~ 
JA T ~tltlf l±I, ~~%-~14-1P, mLlMJttil'lf.JIJ=f, C ii Hir1$Jttil'lf.JIJ=f, C iii) J,A.Jt:ti1££fX:l:~ffl 
JfLlBSIJ=f,& c iv) xt Jttin!:1Tfil~JJ.~IJ=f, W~ftlj~JUlo 
[0035] ft7'J El3Htl{kW~MBI.J $.JL·t±Jtti, m 1fffl EB~t15~xt*= Ef:l~Z.=Ml1'i~~,~ 
Jlli~, ~ Z. ii,~~ '1$~~ ii~, 7¥ ~ »Jz~ W5U~, ~ W$'c}[Eij~, ~ ff lyXL, ~ 1yXL, ~ ff JlIDuJ, ~ mM}[Eij~ 
~timtt~5t-=f~~~{kW,~wJ3:®H~{kw~m~W~M~$RttJttt 0 

[0036] 1t7'J~~$JLJtti, m *ffl fr El3ftlj$JLffl, El3tf§l{k11n~M~$.JL·r1Jttt _t~~ 
J;iJ~~Wffl~~~ 0 MAJ~fflJ;fJ~~Wffl~n!:-W~J;iJ~~:nOOl±lbt,tt~J3:tf~~~$ 
JLJtti O ft7-JJ;Df:Jt~, Wtl-tzCT/A-~tim-tiasxJJ,~l±\';&, AJffffl EBim1m·t±txfA~~MITT$JL~, 
rntimtt~m&xm~fl~M~$R~ 0 ~7'Jtifiltt~m,AT*tl:1~~7¥~~~M~,~M 
}[Eij~,~fflyXL,~lyXL,~mjlljf&J ,&~ffM}[Eij~i::p as 1 trr~ 2 trr ~_tasoo1m·r1~5t-=t- 0 1t7'Jxm 
tJf4, m f! tzttih 1tJ=1Hn. 1-tJ§ ~~Ji~ 1t 1m, ~ ~ 1t t:j~ ~Ji~~ 1t 1m ~ 0 * i::p , ft 7'J ~~1t 
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_M 
---.-:, 0 

[0037] fr*1t ~ ~, M'fiti~ ~fzf B"J jJ~1m·r1:~ pq ms Ef!.PliEl"JX~B ti::\ ;t, $JL£f;j 1¥JHJ~1Jt 
mifr 5 ~ 25 µ m B"Jffiffil o JAIW ± E:!!tih~lrfl!i, 'ilff~ 1E'5tB"J ~ -=f-ifi:tt·r1: B"JxJt!,8 ti::\ ;t, $JUifJB"J 
Gurley m ( JISP8117) 1Jtmifr 50 ~ 800 fj- /lOOcc B"Jffiffil pq O J)dtftLlm:P>G&b-¥~~ B"JxJt!,8 
ti::\ 1t, $JL£fJEl"1'!1fUs.!all'.11tmifr 300g l;),_t o 
[ 003s J ( ~ wa ~ z rt¥ tx-t m=n 
[ 0039 J * R ~ as 4 F 7j(,¥ = {)\ Ef!. tihffl p~ HJ ~ , 17tmi 1tffl l[ :hl:J '5t-=f-; 7'J 10 Jj ~ 300 Jj B"J ~ 1ffiff 
~ L rt¥ txrn~ 0 *@ ffl l[ :t):J '5t-=f-; /j \ T 10 Jj B"J ~ Wu jl L rt txH~, IJ!U ~ E:!! fR B"J fr1i 15- jJ SJ~ , !El 
J1t ~ ~ 1L JAfr1i 15- jJ B"J xJt! ,8 lli tt, l[ :t):J '5t-=f- _S_itt ~ We 17t mi fr 50 Jj l;), _t O :1j >'r , * l[ :hl:J ?J\.-=f­
_S_ Ar 300 75, IJ!IJP>G~a1B"Jfr1ill'.~, P)G~~i~l!lxt, ~w3ct!fr1~iU El3~1ffiU~L1t¥txH~% 
)J)GEl"J$R~~a1%P>GiE'5tEl"J~~,IEJJ1t~~~oM~~Ei"JP>G~ttB"J~,etl::\1t,ll:hl:J'5t-=f-_S_~ 
1Jtmifr 200 75 l;), r, itJ:~w17tmifr 120 75 l;), r O frJlt, ~ffiffl: zrt,¥txrn~stll:hl:J'5t-=f-; AJlU 
J=§1jf~;'.c~ifi~ii1*CGPC t!) *i~o 
[ 0040 J fr* tt ~ ~ , 11: 7'J ~ 1ffiff ffl: z rt* tx-t Jj~, PT 1t ffl wa ~ z rt El"1 :r):j ~ 1m c ep ~ 1ffiff il z rt> , 
1ffiff ~ z rt~ Jt '2 ~ttiJ$ ~~st J¥ 1i st~~ 1m, ~w'2 m st i'ii5-1m O 11: 7'J ~ttiJ$ ~ 1i~ zit~~ 
stJ¥1*, 1ftitmPT 1tffl [g~zit,/\~pg~, - ffl:zrt, - • zit~wffl:zrt~as~1rfi~M1rr 
l;J, _t o fl 1ffiff ~ Z rt¥ 1lf )j~ 1Jtmi ~ ~ 7 Omo 1 % l;J, _t B"J fF 7'J ttJ P>G 1¥ 5G B"11ffiff il Z rt o it!: rm , J). fr~ 
E:!!~as~i5-IJF ~ iiirl{*JE?J\. Ei"J jJ ~W·r1: B"JxJll,8 lli 1t, 1Jtmi~~ 98mol % l;J, _t B"J 1ffiff~ Z~ B"J 
~1i~zrttxf)j!'r a 

[0041 J _t~ '5t-=f-; ~~st ~1ffiff ~ zit ¥txfA~PT 1Jtmiim.:tt¥L tft~i5-~w ~t¥~ 15-, tt 111J 1Jt 
~ti=. 'd"i '-c-+ _§_. ,'CN Jfx ,& --++-- '.IS 
~Jffi.ll,TI?,i'r:;:;R 6 '1A I~ 0 

[0042J (fr1i15-·r1:$JL~) 
[0043J fr*1t~ Ei"J4F1J(¥=1j( E:!!tihffl P~HJ~, ~ 1f'l~.Ht El3~1ffiff~ Z~ ¥txf Jj!'r~P>GB"Jfr1ii5-
tt$R~B"J~~Jl'.7'J 20 ~ 3~o fr.tlt, mffl~15-tt$R~¾ffi~r$R~: ~~~ffiilZ 
rt* txfA!'r, 7'J i1q ms A~$ -i""~ JL ~~ ®~ JL~ ~as~ ttJ, ~ 1*~ w 1ft 1* PT M. ~ rnHJiEim. iiJ :'h 
~ 00 0 :'h>'r, ~ ~Jl'.pJ El3im.:tt X M~ifi Mt!:f~jlj E1"11tr Mlll!B"1tR'5ts.!a&*i~ 0 

[ 0044 J tf i~ ~~It /J\ r 20%, IJ!Ll xi l;J, fr~ E=E! l,&fr1i 15-J§ !'.l ff fr1i15-·r1: $ JL~ El"1 $ JL ~:rtJ, 4 F 11( 

¥ = {)\ Ef!. tih B"J ff!_ wtttL 1~ pf tttt ~ E:!! tih tt ·r1:~ r pif O tf i~ ~t ~&AT 35%' IJ!lj ~ ~ fR B"J fr1i 
15-tt~JE'5t, IE!rm~~~o 
[0045] ~ iA 7'J , ~ ~ ffi ~ L rt¥ fXj ij~ B"J 4 F ~ms* xt fr1i 15-tt $ JL~ ~ E:!! tR B"J fr1i 15-11: ti::\ gt 
1¥JA, JA i~x~,8 ti::\ Jt, ~ ~Jl'.11£ B"Jfr1ii5-tt$JL~~~ ~Jl'. ~ B"Jfr1i15-tt$JL~t§ tl:, ~ ~fRB"1fr1i 
15-tt~fzfo tt11iJ¾fr*1t~~,im.:tt1tfr1ii5-tt$JL~B"J~a~Jl'.fr 20 ~ 35% B"Jffiffilpq,IJ!1Jep 
~fr~lli~#~El"1Mmr&PT~§1E'5tEl"1~E:!!~El"1~15-tt,~~E:!!~El"1~*~~,E:!!M~ 
st ff ~tm 1PJ, ~ ~t~ 7r, ti::\ ~ tzf El"1 fr1i 15-·r1:, fr~ ,8 _t Zf tE 1~* st~ llJ ztzl:a tf ep ft~ lli ~11:f: SJ~ 
&AJ~§JE'5tB"J~i5-jJ,~~i5-tt$R~El"1$R~~~~EBr~llirm~~~,~tiJ$11/JJt~ 
15-tt$R~~~,M~~~~~~~$R~B"J~OO~mili,~IEl~~w~~~i5-J§B"J~-=f­
ifi :tt ·t1:~ iu r,JHi~ as-tt m O :'h >'r, * ~ttiJ$ ~ i1?: ~ tR st fr1i 15-txrn~, E:!! mf ~ as ff ~tm 1nr, t~ ~ttiJ$1~ 
iLl ~ fzf B"J fr1i15-·t1:, IJ!Ll E:!! tih B"J ttJ P>GfJ f4 B"J miJP1, fli 15-~M, ~ttiJ$1tLl 11: $ frfi $ ~ B"14F JJ( ¥= 'ij( ~ 
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1fil 0 

[0046 J ~ iu fi1t id1 $ JLFzf 81 ~ ~ J!l 81 ti 1! PT~ l±\ *T ti¥~ 0 fyti to, % P¼ fi1t ~·t1 $ JLFzf a1 
ITT,Jt[g[ IJ¥:0111a!!l7'J -frr !El~, ZftE~r~1i£i~11af!l, mrJ~ ~f!l~r~011rW fPJ O :!H!lr, 3t~{ijl 
Z~¥~~ITT~~&7-J-#m~ITTIEl~otftE~-~-Z~¥~mITT*~;~a,t~~J!f~ 
11£ ITT1rWfPJ, *1~fflm:t>1*~ ;7'] 50 7i l:J--1.01•{ijlZJt ¥txf Aij, mrJ~~ %JJX*1:zrljj q:i 01,rir 
3 ITT~~&o :!H!lr, ~ fPJ.{ijlZ~i~JJo:tt•JJx;*, ~~-ti~rP~o hA,-~1iJJ81~~~t~l'ts 
xjLe l±I ;t, 3c:tJt!t!f:frJ~ CF2 ;fO CH2 81.fffiffffl.Z1tff 81~ ~·t111£' ffJt~ff 81-~1mrm /§ '~~1-i• 
~ t§ tt , ~~.ill ti ,u~ftl ~ iu 1~ 0 :!H !lr , ~ JJX * 015J\. :=t ~ ;tg 01 • 1ffiff ffl. z 1t Zf axt l:J ~ ~ 1t 01 
1rW [PJ' *~ ;*;;fff ji: 81~1ffiuffl.Z1fff, ~ ~-t111£ 0 Jlt!lr' ~;;fff1&¾B.IJX fil7'J-fff~mLl~ ~·t1ITT !El 
~' Zf tE [PJ ~ ;;fff 1~ q:i 1~ tm 81 !f§ * ~ JfrJ~d>' IJ!rJ ~ ~ ·t1~ r ~ 811rW [PJ O ~ ~N mLl !El~ tE 7'J ~ AA 
r$~~~%JJXITTIEl~,M~~ttN~ITT~Bl±l1t*N~#~~H 0 tt~M~~tt,&$~ 
~ :fz;J M ti 81 xJli ,8 i~ lW 5£N mLl !El~ itt1T ¾B.~ 1~ffl O 3 ~ ' fJ\1.Ji)r ~ 1cf 81 txf }jij' ~ ;;fij 1~ ¾B.IJX' I~ [gl 

11af!l~;£~1tt-011x~ m: ~ ~ 1:z1-:~ 1t, !El J1t, ;£~14 011x~ m: ~ ~ 13~-tirm i~ 0 

[0041J tE*:& rljj q:i, xtrti1t~·t1$JLFzf, l±I ri:&ff P~ gJ 01nti;JJ·t1, lltff m·t101 § 01, m PTJJo 
Arnxmw~~~mW~JJXITT~~,~~ffi~W 0 tE~~Nr,~*;~~~R~~~~~ 
* :& rljj ITT~~ 5!L fF 7'J xtfl tj)l~ij.' PT 1~ffl _t ;£~ Jf-lU~J. {t 1m' ~ ~ ~ $( 1,L 1m ~ 0 fF 7'J ~ tfltJU4, 
Wti -tzoPT 1fffl ~ 1fff ~~txf }jij~ o 
[ 004s J ( 4 F 7t ¥=?Jut! iili ffl P~ Jm) 
[0049J -tzo--1.JiJr5£, *1:zrljj EtS4F7t¥=?~ E:1!1iliffl P~ ijJA~$JL£:r-t, l:J&tE$JL£:r-t01~ 
d>- 00 % JJX 81 * ~- 1ffiff jl Z 1-m ¥ txf }jij ITT fi1t ~-t1 $ JLFzf o tEJlt, fi1t~tt $ JLFzf 7'J tE * ~ Et! m~ 
1~ 01 tit 1i§, r .lilti m £E: ~ E=I! :t1zti1t ~ 01 ti1t ~ Fzf , !El J1t ~ :JZ, ~ 11: 7'J p~ gJ 01 li !lr m rm Zf tE O 3 ~ , J.A 
ffl~%~ITT~Bl±l1t,tt~~~~&~~M~~~Jmittfi~~,!EIJ1ttt~tE$~£MITT* 
00 ;fO ~ 00 % JJXfi1t~·t1 $ JLFzf o 

[0050] tE* tt rljj q:i, J.A ~ ~~ti·ti 81 xJli ,e l±I tt, fi1t ~-t1 $ JLFzf tt~ 7'J ft*$ JL 1,!::. 81 ~:ft) 0 

A 1* rm l§ , J.A % JJX ~ fi1t ~·ti$ JL e 81 tit 1i§, 814 F Jt ¥ = 1~ E=I! tm ffl P~ gJ 81 Gur 1 e y m ~ ~ $ JL 
£:t-f81 Gurley mrmf~EtSmf;t~tE 300 fy /lO0cc l;J r, it!:-WfJt~tE 150 ;f'J; /lO0cc l;J r, 
jt~f;t~tE 100 ;f'J; /lO0cc l;J r O tE~~ ~T 300 fy /lO0cc ITTflm r, ~a1fi1t~·ti$JLFzf 
tt r J& ,$rm rll ,ti~~~ ~ti, ~ eM~ frJ ft* as E=I! tm 1~-r10 
[0051 J J.A~H~ ft* 81 E=l!tilitt 13~81 xJli,e l±I ;t, *1t rljj 814F7t¥='/~ E=l!tiliffl P~ Jm 81.J Gurley 

mfJt~tE 50 ti; /l00cc ~ 800 fy /l00cc 81m~ pg o 
[ 0052J J.A ~ !H ±-tl!J:1H~ * tt rljj 01 ~~ * ~ P~ gJ ITT iJ ~ W 't101 x~ B l±I tt , 4 F JJ< ¥ = ?~ ~ iiliffl P~ 
ijJITT~JL¥HtE 30% ~ 60% 01ffi~ pg o 
[0053J i~-1iil:Z~¥txfAijtE-~"'*00--1.01m; fJt~tE o. 5 ~ 1. 5g/m2 81m~ pg o *d> 
r o. 5g/m2

, 1J!rJ~a1 ~E=l!tlk81fi1t~-ti~~ft?J\.o rm*$r 1. 5g/m2
, IJ!rJZftErl3.,ti~~~~:tt·ti, 

1~ ~ tm ~ wi~·ti r r~ 811rW fPJ , !El Jlt~ ~Ho tE rn i~-1ffiffffl. Z1fff ¥txH~;tg JJX 81 $ JLe % JJXtE 
*1frl300ITTflm r, .fffiffffl.Z1i¥txfAij8/,Jm; fJt~7'J 1. o ~ 3. 0g/m2 o 
[0054] tE*1zrljj q:i, tEi~fi1t~·ti$JLFzf%JJXtE$JL£:rJ81M0081'flm r, ~* 00;f01f00 
ITTm;~m~m~ITT 0 A~rml§,tt~tE$~£MITT*OO~~OO%JJXITT~~tt$~eITTM 
000q,g,m;7'J 1. o ~ 3. 0g/m2

, ti1t~·ti$JLFzf 01-00{IJ!□ ITTm;~ :!N-OO{IJ!□ 01m;~t§xtrM 
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ffi-~~tffi:_S_fr 20% ~ r o *i@:1120%, !J!Ulfat~ a:a~~f{t lm.~, iE~~fr~nfPJt*{t,~11lf£ft~·t1 
r ri Bf.J -rt m 0 

[0055J (~F7Joi=?>z ~tmffl r~JmB"Jmum::1f1t) 
[oo56J L~*'B. S)j B"1~F7-K¥=?>z ~1'lhffl r~ Hlf:f51)]$JIR:i1!mr::1frttu1t, ep, ~i*lf *1ffiff ffi: 
Z. Jm ¥ txH~ B"J ffl$&1[ t~~ ;;fij r $ IL£ tt L, 1f * 1ffiff jl ZJ:t ¥ txH~ [f!Ht, IA rm ~i fi1i id1 $ JL 
~-{t:l:i!1%ft\Gfr$JL£tt Lo 
[0051J Jt. 1* rm /§ , 7§f 5'c, ~i * 1ffiff • z.ii ¥txH~¥?g ffl~ rfflJfU i=p, mHt~;;fp"fft O ~ii~~ ;;fp"fft ~ 
;;fij fr$ JL £tt L, ~ ~ T 'h'r 3 Bf.J {~ rau 1ft i=p O EB J1:t, fr~ 'ii. tll5t ~ :EYt ~ Bf.J IA] at ' {t * ii. Z, rt 
¥~mrau~ofr~I~l=f,EB*ffijlZ.~¥~m~ft\GB"J~ft\GA$R~~o~~,JIR:i1*~~ 
~,Ji!flJrft, ~:itl:1f-=f"ii, /ArmPT~i:¥i1i~·t1$JL~-ftf:i!1%JvGfr$JL£tt L 0 

~~J ~AL~~;;fp"$&,!=iJ~ffl~*ffijlZ.~¥~mfflMB"J~ffl~ 0 ~A~ff~~ffi~, 
wu-~o, pJ {jtm;{fffl N- E!3 £11tt11~m1IT' = Ej3£Z, ffxH~, = E!3£ E!='MH~,= E!3 £ E!3MH~~:tJH1ff5t 
~ffl~oMWft\G~~El"1$R~~B"J~Bili'B.,1ftm;frL~~ffi~~£~Lm~~'B.ffl*~ 
B"Jt§*~JfU 0 {i:A~ffB"Jt§*~JfU, PT~tl:\JJ(, E!='WJ, Z.WJ, pgWJ, TWJ, T =ji![J, z.=WJ, pg= 
M,~~-pg=M~o~ffB"1ffl*~~1ftm;fr~1)]$~U~r~;;fp"B"Jfil&B"Jffim~:itl:fi~~o 
:1j '.9r, fr~i ±jf4, Jt '81~ JJo w JJo A :¥i1i~-t1 $ JL~ Bf.J -rt m r, 1t'81n rm~~ m ffl~fr L~ ~ ;;fp"111i 
i=p ep PT 0 

[0059J fr;t*;;fp"f&B"J£JiJvGi=p, {Jtm;~ 3 ~ 10 _m:; % Bf.J*&*lr*fffiffjlZ.Jm¥txf)j~ o {i:Affi 
JfU, JAWJvG~H B"J $ JL~t~ ~lznmu~ ~&Bf.J x3J,8 ti::\ Jt, {jtm;{fffl *lr 60 _m:_S_ % ~L B"J ~ 
fflJfU, 40 _m:; % ~ r B"Jt§?J\. ~JfU B"JrFB~1:!§:rr:U o 
[ 0060 J 11: A,~ rau rft, PT 1t ffl * , 7J( 1=c; L ~ ~ m rr:u Bf.J i'm ~ m rr:u, ~ ~ 71(, L ~ ~ mrr=u 1=c; L ~ 
t§* ~nUB"JrIB~fflnU O t~11tJ1ftm;7Jc ~ffl1'FU1=c;t§ * ~rr:UaSrIB~i'.!§:JfU, fri~tlm r, J.A":tr $ 
Bf.J x}JJ ,8 ti::\ 1t, ~ ffiJfU 1=c; t§ 7)\. ~ rr:u Bf.J 1m~ l:t {jtm; 1=c; ffl rffi ffl~*{ffiajl Z,Jm ¥txfAij Bf.J ¥FB~ffl1'FU Bf.J 
rm~ tt t§ ~ J§L N\ % JvG ~ !ff El"1 $ JL ~ t~ , 1t ±F $ tit r,§J Bf.J x}JJ B ti::\ 'ii. , 7j( as* & {jt~ A 40 ~ 
90 _m:_S_ %a hA.nmLl~~&Bf.Jx3J,8tl:\1t, 1JilflJ1!!&1Jt~fr -20 ~ 60°C1c"tr o 

[ 0061 ] ~;;fij f,&xt $ JL£tt B"J ~;;fijpJ @ffl i?Dm W, ti~ ;;fij tJL, j~Ji.~ ;;fij tJL, [1:!] t& $* ;;fij tJL ~ ~ 
ttB"J~;;fp"7fA 0 fr~fil~tt$R~Wft\Gr$R£MB"JMffiB"Jmmr,fill=iJ~~;;fp"$&-~­
ffi -'i'-. 00 f:i/1 ~ ;;fp" ~ :itt 1T ,Ji !flJ , 7j( ~R -=f" 1*, {B ¾J-A ±F $ as x3iL8 ti::\ 1t, {jt~ ~i $* ;;fp" 1ft IAJ at 
~ ;;fij r $ JL£M Mffi ~ Jtt1T '~ rau '7j(~ & T1* 0 

[0062J 8Jt*'B.S)jEJ"Jr~Hlrm §, P~T L~iln'cA$*;;fp"$~Jr, fill=iJffl-=f"A~;;fp"r!:itl:1fmtl@o fr 
1tt,mffl-=rA~;;fp"$¾ffi~r::1f$=~*lr•ffi•z.~¥~m1=c;m~B"J~;;fp"$&~;;fijr$R 
£tt L, ~iJt-=r·ti, Mrm#'B.P~~ffiJfU, EBJltf{tftl$JLHl 0 {B ¾, frTA~;;fp"r!B"J'tlm. r, 1=c; 

¥1rrcA~;;fp";;;tt§ rt, ~;;fp"Hl~ r fiX:A3&WHl, *~fr~;;fp"f,&i=pi~JJo±jfi/,~, !J!LlJLf ~pJf:f5{{tfij 
~JL~ 0 :1j Jr, ep {ti~ JJO~ff BI.J±jfi/,~, filxt ~{{t JU ~!ff B"J $ JL~t~ 0 EB Jtt, * J.A~ff Bf.Jx}JJ 
,8 t1::1 tt , mu fr* tt S)j i=p 1ftm; 1tffl 11rrc A~ ;;fij $ 0 

[0063] :jj'.9f', *'JtS)j B"Jr~Hlfil l=iJJIR:i1tW5'c*11!JmU{tfi1i~·ti$JL~1=c; $JL£:tt, ~i~ ® h 
M_m:~*ffl~ffi~,fil~~:itl:fi~~~El"J::1f$~*~~ 0 ~A~~~J=,MB"J::1fAffl~fil~ 
tt$R~B"J::1f$,PT~tl:\~~;;fp"$&~;;fp"r~~J=,ML,~fflL~~A~;;fp"$~~-=rA~;;fp" 
$*Wft\Gfil~tt$R~,~~~fil~tt$R~E1"11f$~ 0 
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[oo64J ( 4r::1Joi={ye ~tm J 

[0065] :;$:tt ~ EtS4F7J(*={yC ~tml'tst=¥tif ft-=fftffl _t;r;;t:;,is:tt ~ l'tqp~~lL 
[0066] ft:;$:1t ~ i::p, 4r::1J(*={jz ~tfil1v1zoTttJJVG : P~~ffi::'i=ftIE;j:&R. ffi.tRZ rsJ, i! ® ~ 

tm xft:t--'=5 ~ ffl~Yft -!fil1NM )d1r '§ ?tt pg O ft A 4 F 71( * = {jz ~ 1"fil, fjt~ ffll. ~ ~ = {yZ ~ rm 0 

[ 0061J ft 1v IE tR, PT* ffl i4t EB IE tR 1§ ·r11ilJ J]}(, fi1t ~ txf Jjl't R. ~ ~ AA JfU ~ JVG sq ~ tR ~ % JVG -=f 
IE m~ ~ 1* _t E[{] ttJ .mt O ft A IE tR 1§ 'ti 1m )]}t, 1Jtl !ZO pJ ~ l±I it ~ff' l~ ~ff'~~~ £e ttJ as l~ ~ 
ff' ~w;W{fj~ £ettJ E[{]~~l~ff ~ 0 ft:;$:1t ~ i::p' fti4f P~~ E[{];fi1f~tt~JLmffi::'i=-=f IEtR1!lW E[{] 
M~T,EB-=f•ffl•z~*M~ITT~~~tttt:ff,~~~A~~Ttt~:~-=f~ffl~$ft 
4. 2V [2},_tE[{]r%1J~lliTiftB{] LiMnl/2Ni 11202 , LiC0113Mn113Ni 11302 Z~Ef{]IEfRi§·r11!lJmo ft1v 
fi1t ~txf Jjl't, vtl fro PT JU~ l±I •fffiff#( Z,ifff *txf Jjl't~ o ft 1v ~ ~AAffU, vtl 1zoAJ~ l±I Z,i;k:~, 14~~, 
~ ~~*~o ft1v~~f*, 1ftl1zoPT~l±l~&1v s ~ 20 µ m l'r{]fflm~o 
[oo6sJ ft 1v mt&, PT *ffl i4t EB mt& 1§·r11m JJn)fo fi1t~txrnl'tttJ JVG sq~ :t&m % JVG rm t&~ ~ ft 
_t sq ttJ JVG, tlHJi5 Iffi ~, PI ft~ m ~ q:i ~ J.m ~ ~AA ffU O ft 1v m tR 1§·r11m m, 1Jtl fro PT ftffl i'it•*~ 
ff l2J, ~f,r."F1J:i:\'.;;ill:1fl!&. ffi Ef{]1wU,;tf4, li~wi$1~-'=5ff~~f,tag;f,;tf4~ o ft 1vfi1t~tx1Al't, vtl ,tzo 
PT~l±l-fffiff#(Z,ifff*txf)jl't, Tit - *Z,ifff~~X~o ftf!fffl:;$:tt~ Ef{]4r::JJ(*={jz ~ifuffl P~~ 
ITTM~T.~~tt~~.~~~Nft~ffl•ffl•z,~*M~~1vffi.;j:&~£e~ITTM~TPT~ 
~~*ITTfil~tt,ft~fflT~-*z,~~~~1vffi.;j:&fil£e~ITTM~TfilPT~~~*ITTfil~ 
·t1° :'h>1r, ft1v~ ~AAffU, f7tlfroPT~l±I ZJk:~, 14~~. ~ ~~3K~ 0 ft1v~~f*, WtlfroPT~ 
l±l~&1v 5 ~ 20 µ m l'r{]tfli11s~o :'h>1r, filPTftffl~~ff1sft1vffi.tR*1~~ _t;r;;tffi.fRo 
[0069] ~ffl~Yft1vi4tffll.~m-=f~1r~~JfUB{]ft}JJx o ft 1vff~, VU!ZOPT~ l±! LiPF6 ,LiBF4 ,LiC104 

~ 0 ft 1v;':!§:JfU, 1Jtl1zoAJ fjt~ftffl~llBE Z,jllj~,~~_illZpgjllj~, #( f~~~_illZZ,jllj~, =•1~~~_illZZ. 
l~~lf :fJt :ii~~ I~, 7J,,t ~= E!3 I~, 1iJt ~ = Z. I~,~~ E!3 Z I~ R Jt •1tt 1~1m~tJi:JJt :ii~~ I~, ¥ - T 
pg 1~, y - Dt pg 1~ ~vF tk 1~, ~ * -t: m sq t~~~~*u O t=¥ §j1J 11t~ i4t o. s ~ 1. 5M sq w ~ m: m~ r 
vF:JJt~~I~ I tii:JJt~~I~ =20 ~ 40/so ~ 601tS.!:tITT;':!§:JfUi::prriJ1~Ef{]~fff~1fto ~jj,,A¼12J, 
ttITTfil~tt$RmITT~~~~~~EB-=f~ffll'tq~ff~ITT#~rm~12J,1t~-'=5~;j:&~~~tt 
ITT'tl~, {B ¾, ;;s=~Uffl :;,is:tt~ Ef{]p~~. IJ!U~A~~it ~m~~1rfi~frofPJ, l~i'it~Jf ~~B{]fi1f~ 
't1 i! f=l': sq 1~ -Jc sq fJt ,8 o 

[0010J :;,is:tt ~ s{]4r::1J(*=<ye ~tmffl p~~J~PT ~ffl -=p~~ilii>1r'§?ttsq ~i'tl!, EB r-'=5 ~tRB{] 
fi1t~-r1 ~!H, PI ~tztt-tl!ffl rffl1l~~J>1r'§?ttITT~'§?tt ~tm O mLlfti!f=l': sq ~tms{]1ft*¾, ft_t 
;i;tIE;j:&Jzffi.;j:&ftEBP~~Jrm~~. JJoJ\.~m~~. ~M Affl1l~~Jpg o illiii4f.Jt~lli, i'1t$1~JU 
4 r:: 1K~ = {jz ~ tm o ill iii! f=l': sq :;,is: 1t ~ sq ttJ JVG , PT 1~ JU i'it $ ft ~ tR -'=5 P~ ~J ~ !zf t-tl!fi1t ~, 1/l'J vF % 
fitfft:ff B{]4r::1J(*={jz~tm O :'h>1r, EB r ~m-'=5 p~~Jsqfi1t~·r1 ~tzt, ~tms{]$:~·t1filfJt:ff O ~ 

m-'=5~~ITT~~1J$~~~m-'=5~~~~ITT~~1J~,~~m-'=5~~-!fil~~ITT1J~~. 
:;,is:1t~PT@ffl1f:-1rf11Jt~o 
[0011 J ~nmvtl 
[0012] 12J, T, illii~~1Jtl*iM~:;$:1t~ o {B ¾, :;$:1t~ #~ EB 12J, T~~vtlJifip~JEo 
[0013J UIJltl5E1Jt~) 
[0014 J c EB• fi jl Z,ifff *txrnl'tttJ PX'. sq$ JL~ sq £e ~ & ITTilJltl J£ 1Jt*> 
[ oo 15J i4t J)J~ ~JIJ Jtt sq,;.~ {i #( z, ii* txrn!'t ft 1v i:i\f=l': , ffl x M ~ 1tr ~1 t;t * 1~ ;it £e ~ & o ft 
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ilJ!UJE ~ 1J!ffl "NANO-Viewer" (Rigaku ¾'PJF i=fP ), fr 25 °CT ffl J*~'11tdtt1T, ffl JvG1~tRJtt1Trft 
ilJ!U o ~i 1±1JvG1~t&.1~iLll'tt=tilJ&tli5tt'1~}Jx; 2 e 00, ~i 2 e =8 ~ 30° l'l<Jffi~itl:1-r !±B~m~ C~1Jr 
£fl~ I ifr1~~Efl~ =50/50 ), *t±:1 *1'1"1* § @1*JvG5tl'l<J1x5t5.!a& Ie,* § ~Fs1JvG5tITT5fx5ts.!a 
& Iaa ~@& Xe (%) Jll:ttTs:t:; 1 #lli o 
[0076] Xe= {Ie/ ( Ic+ Ia)} X 100··· ( 1) 

[oonJ CHJJ]l[l'l<JilJlUJE7Jtt) 
[0078] ffl*fo!l!s:t'.;P'l[&it ( LITEMA TIC, Mi tutoyo ¾'PJ F &b)itl:1-rilJlU ;Ea ilJlUJE!t/m-=f j,][1~ 5mm 
ITT~tt~!t/m-=f, fr~1tiJaJ~jg 7g l'tt~itf:Titt1-r11J!UJE0 
[0019J c•tL001x£;> 
[0080] ~if=f:&l:tt:JJ l±\ lOemX lOem, 11J!UJEll.;ll:; 0 Jll:tt~i:m:;~ ~ 001Rrm*t±:1.{tr001xll:;o 
[ 0081] (~ {Jiij #( Z. ti* ;f;x;f }j§ B"J :ffi:;) 
[0082] 1J!ffl~~;5t~~~7t X ~1~5ttfr~il (EDX-800HS .%wmLl11=:JiJr), }A FK a B"17ti-l1B.!a 
&~l±l~ffi#CZ.~*MfflITT£; 0 fr~~JE~,~kXM~m~MITTffi~ITT~ffi#CZ.~* 
Mffl~:m:; 0 1±1~,fr~1±1~ffi#CZ.~*Mffl~JvG~$~m%JvGr*OO~~ffiMffi~~~ 
T, Jll:ttx1*ffilP~005t~tJ:itt1-r11J!Uk, 1lJWl±l*ffilP~ffi~ § l'l<Jfl1~mz.tt*;f;x;f}j§EJ/,Jll:;, ~ 
~ill.;~JE~, JA rml=iJilJlU l±l*ffilP~ffiITT ,8,£;0 
[oo83J C~JL-$) 
[oo84J ~~P~Hil'lt~JL-$ £ (%) 1±1 ~ Ts:t 2 #lli o 

[0085] E = {1- (Wa/0. 95+Wb/l. 78) /t} X 100··· (2) 
[0086] fr~, Wa 7-,(~:f-1Bt.1ir001R:m:; (g/m2

), Wb A~1Jiij#CZ.ti*;f;x;f}j§ITT£; (g/m2
), t 

A HJ)]l[ c 11 m) o 

[0087] (Gurley W:) 
[0088] ~~ JISP8117, ffl Gurley A Densometer (G-B2C, *if~;tJL0P]Fr:fb) Jtt1T11JlUJEa 
[oo89J ( ~JfrnWtl 1) 

[0090J 11=: 1g ~ f)iij • z. ti* tx-t A§, 1J! m ARKEM 0 PJ ± -;rr ITT 1-m • z. ~ - /\ • pg ti~~ 1m 
KYNAR285lo ~ii~~{Jiij#(Z.ti*;tx;fA§~ 8 :m:; % l@:ffi¥r=E!3£Z.W5tH'ti / - pg=E'fJ =7 /3 £; 
r:~l'l/,JJ~~m-nu~, fM11=:1~~'tfto ~ill.;~;~~r~P'l[ 911 m,Gurley m 160 fj) /100ee,~1l$ 
43% ITT~Z.ti~$JUJ CTN0901: SK 0P]Fi=fp)EJ"1Mffi, ~~r7k / = E!3£Z.W5tH'ti / - pg=E'fJ 
=57 /30/13 11:; t:~l'l<J,JJim!1ft c 10°c > ~, 1J!zmlfL ~ill.;Jt11c, -=rt*, 1~iu~ti~~*t'lj-$JUJ 
l'l<J *~ Mffi % }VG~ 1±1 ~ ,~-z.~ *fXj }j§,tig }VG ITT$ JLm B"J * 'fe:. ~ B"J ~F Jt*= '(jz ~Jmffl p~ HJ 0 
11Jltl ;ii~ P~ HJ ITT fi1t ~ 'tt $ JLm l'l"J ~@ & C PV dF *;f;x;f }j§ l'l"J ~ s1 & ) , P~ ~ l'l<J HJ )]l[, • 1il 001R 11:; 
& ~JL-$, fi1t~tt$ :JLm l'l<J :m:; CMffi ,8, £;, * 00 ~:m:;, ~ 00 l'l<J 11:;, * 00 flJlU l'l<J £; 1=5~ 
OOfmuITT:m:;z~1§xtrMffi,8,:ffi:;1'1<J r:~fftl),,&p~HJl'l<J Gurley u'L 11J!UJE~*1Fr* 1 ~ o ~i 
~TITT~Jfrn~&~~~ITT~~ITT~*&-*7Fr*l~o 
[ 0091] ( ~ J1rn Wtl 2 ) 

[0092] 11=: A ~f)iijj'( z.~*fXj }j§, 1J!ffl Solvay ¾'PJ ±F ITTJll:tt1Lift~~ rm1~fLl ITT ~f)iijffl: 

Z.ti Hylar460, ~i,~mliftITTrlffi.&~JEr 40°C, ri~ ~:>'r, 1=5~.JJH!fftl 1 rAJf=f:itl:1-r, mLl11:::*'fe:.~ 
l'l<J ~ F 71( * = 'l!Jz ~ imffl P~ HJ o 
[0093] ( ~Jfrnfftl 3) 
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[0094] 11=: A ~{ill Z,1ff~;j;xt§~, 11!)=§ Solvay 0P] ±F B"Jlt:f:sJ?t~; 573 X 103 B"J~{ill 
Z,~ Solef1015, PiJJt~!Tr, ~~~{JU 1 ~1-¥:itt1T, mU1t~F7K¥=1JUt!}th)=§ µ~ijlo 
[0095J (~JJmvu 4) 
[oo96J ill ;ct 1L it~~* mU 11=: ~ ~ fli AA A 1ffiff ffl. Z, 1i I/\ I\. pg 1i / IL - ffl. z. 1i = 
88. o/6. 5/5. 5 Jt; rt s"J~{ffiffffl. Z,1i¥:txH~ o it~fffiffll z.1i¥1xH~s"JJt:l:515t~ ;1-J 41 7i o 
i~it~1ffiffl\.Z.1i ~ 81t; %1~fij¥-=f = Ef:1£Z.Wt§J21 - pg =rnJ= 55/451t; rtst1~~mrr:uq=i, 
mUf't=:Yff(tff~o i~Jt~;~~-=p~~ 911 m,Gurley m 160 ;fy /100cc,~1l$. 43% B"J~Z.1it\'.1 
$JUJ crNo901: sK 0P]FJ:fb>str33TIIT, ~ffi-=f7J( 1=Ef=1£z.w1c~J21 - pg =rnf = 50/30/20 1t 
; rt!'ts,tt!m~ c 20°c > q=i, 11!zlmfto i~Jt7J(1J'c, -=Fi*, 1~fU~1i'.k2¥t\'.1$JUlITT:tzffil01f00 
MOO m AA~ EB~ {ffia ffl. Z, 1i ¥:txf ,ij~;jtJ M B"J ~ JL~ ITT* 'jj[_ S)j ITT~ F 7j( ¥=oz~ 1th)=§ µ~ ijJ 0 

[0091J ( ~JJmvu 5 ~ 8) 
[oo98J 11!)=§ ~~JJmVU 1 ~ffEl1~~~- ~&~ Z.1imi$JUJ, J=§ ~ffEl"l1J11!, im:tz 1 m~ 
1x.11!~~; ~1,t, ;fijfU-2Js:'jj[_ s~ ITT~F7K¥=1x ~1th)=§ µ~ijl o 
[0099J (~JJmvu 9, 10) 
[0100J 1tm ~~JJfil1Ju 1 ~ffas~~1ft, ~&~ z.1imi$JUJ, m ~ffst1J1t, tzo* 1 Pfr~ 
1x. 11! :tz 00;;¥01f 00 B"J~ ~; ~ 1,t , 1~ f U-2Js: 'jj[_ S)j ITT~ F 7}( ¥=oz ~ 1m ffl µ~ ijJ o 

[0101] ( ~JJmiJU 11) 

[0102J i~ EB~ pg 1i / ~ Z.1i I ~pg 1i B"J 3 ~ ~i'tJttJ AA B"J ijJ~ 12 11 m, Gurley m 425 ;fy 
/100cc,~JL$. 38% ITTli21i'.k2:~J$JUJCM824, Celgard 0P]) J=§11=:~1i'.k2:mi$JUJ, PiJJt~ 
Jr , ~ ~ J1m vtl 1 ~ ff it!: 1T, 1~ f Ll-2Js: 'jj[_ S)j B"J ~ F 7}( ¥ = {Y( ~ yfu)=§ µ~ ijJ 0 

[0103] ( rt~{JU 1 ) 

[0104] i~1Jf!m1ftEl1Ylffi.fti9::3/g 40°C, PiJJt~Jr, ~~JJmvtl 1 ~1-¥:itt1T, mU11:~F7K*=1x~1m 
}=§µ~~o 
[0105J ( rt~vu 2) 

[0106] 11=: :3/g~{ffiaffl. Z.1i ¥:txf ,§~, 11!)=§ ARKEM 0P] ±F E1"Jill;li~1-'¥~~1~fLl ITT~{ffiaffl. Z.1i 
KYNAR7 41, PiJJt ~Jr, ~~~{JU 2 ~ffitt1T, mU11:~F7K¥=1x ~~'fil)=§ µ~ijJ 0 

[0101J ( rt~vu 3) 
[0108] 11=: A ~{ffiaffl. Z,~ ¥:txH~, 11!)=§ Solvay 0P] ±F E1"1Jt:l:515J"-~; 244 X 103 B"J ~{ffia ffl. 
Z.1i Solefl008, PiJJt~Jr, ~~JJmVU 3 ~ffitt1T, mU1t~F7K¥=1x ~tmffl µ~~ o 
[0109J ( rt~Wu 4) 
[011 oJ ill ;ct 1L ~ ,;.~ ~ * mUft ~ ~ fli AA A {ffiff ll Z, ~ I /\ ll pg ii I IL - ll Z. it = 
96. 0/2. 5/1. 5 _m;rtITT~1illZ.~¥txH~o it~ffillZ.ii¥:txH~B"Jlt:l:5J?t~ ;:3/g 41 7i o 
11!)=§ it~1ffiffllZ,11ff, PiJJt~!Tr, ~~JJmfJtl 4 ~ffitt1T, 1~fLl~F7K¥=1x~tfu)=§ µ~~o 
[0111 J ( rt~vu 5) 

[0112J ill ;ct 1L 1ft ~ ~ * mU {t ~ ~ fli nJG A {ill z.., ~I/, I\. pg ii I IL - ll z. ii= 
61. 0/20. 0/19. o _m; rt s"J~fffiffll Z.ii ¥:txH~ a it~{ffiffll Z.ii¥:txH§'B"J_m:l:5J5t~ ;:3/g 41 7i o 
11!)=§ it~ {ffiff ll z. 1i, i~1lf Im 1ft B"J 1lffi.It 19:k -=f o °C , Pi JJt ~ Jr , ~ ~ JJm {JU 4 ~ ff it!:1T , 1~ JU~ F 7}( 
¥ = {Y( ~ yfu)=§ µ~ ijJ 0 

[0113] ( rt~{JU 6) 

11 
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[0114] iffl. rl lL 1~ ~ ~ * iu fl:::~~ tli MA iffia. Z, ~//\.pg 1::m / I( - • Z. ii= 
92. 0/4. 5/3. s lt; !:t s<J~fffiB. Z,~]Uxtm~- o i~~1i. Z,ii*txt A~l'II.Jlt:l:):J?J'-~ ;A 41 7i o 
~~ i~ ~ iffia. Z. ii l:J 12 lt; % f& 1,w. r = E!3 £ Z. IBtij~ / - pg= WJ = 60 / 40 lt; br: B"I ti~i?gffU 
~, mH'J=:~:ti=n~a ~~:1t~;1*::ffirijl~ 9 µ m, Gurley m 160 fJ /lOOcc,~JL-$ 43% lfl~Z. 
iir,tJ$JUl c rNo901: sK 0P] F iPr::r>s<JMffi, ~1~-rJJ<- 1 = E!3 £z.Wcg~; - pg =wi =so/30120 
lt; tr 1'11,~u1u1~ c 40°c > ~, 11zu1u1,t., ~~:1tJt15'c, -=fjl, 1%fU~iiM:*~$JUl--1.%nx:~ 83 
~ {i ffi. Z, ii *tx;f ~~:ft} M BI.J $ JL~ B"I ~ F 7j( * = {,X ~ tm)=§ p~ ijl 0 

[0115J ( br:wWtl 7) 

[0116] ~~Wa-Z.ii I /\·pg~~~4PJ(Kureha {,r."¥0PJ±FEl1 #8500) !fl 3 m; %mR~ 
= E!31ffi~f&1~~;~;:ffir~~ 9 µ m, Gurley m 160 fy /lOOcc, ~JL-$ 43% B"J~ Z.iif,tj$JL 
~ C TN0901: SK 0P]F Jb) 1'11.Jp,l;fffi, ~~:1tit!:1-r-=f-i~L ~rm, Jifr1%fLl s<J~::ffiijlAl&W ijl, 1%~fU 
A½fr1i~·t1$JL~lfl~F7k*=1>-:~tfilfflp~ijlo 1Y!UJE*~~~lfl Gurley ,m:, ~*A 2000 fy 
/ 100cc l;J _t, ~rl't't~~~ a 

[0111J ( 1=j ~t-~s<Jtr1t~·t'tiA~) 
[011sJ Cint-~1'11.JmHt> 
[0119] ~~ftAinf~113i't:'t4PJJ1fi:l'II.JJd1t~~CMCMB25-28, Osaka Gas Chemicals 0P]Flfb) 
300g,ftAfr1i~ffLlB~ B * Zeon 0-PJ±Ffi~"BM-400B" (~~ 40 lt; % EJ'.J*Z.ii - T=ii~ 
~ 4PJ r:'J:·t1 ft 1'11.J 7J<f&t't 5t ~~) 7. s g, ft A :l:i tr1iffLl s<J r& E!3 £tf ti~ 3 g, ¼!; l'l"J JJ<ffl xJ..,: 5:\'.: 1i~ 
fJLjJ.ttf, mUftint-~ffl~'¥4o ~~i~int-~ffl#it'¥4~::ffirftAin:f~~~f*l'II.J~& 10 µ m BI.Jtlrtlls--1., 
~~ m 1% iu s<J~ ijl-=f"i*, tm lli, iu nx: Jl~ in r-~ m·t't ~ m~ 1'11 int~ 0 

[0120J Ci::E:f~BI.JmHt) 
[0121] ~~ft A iEt&f13i·t't4PJJ1fi:EJ'.Jtir~~ (Cell seed c, B *1,r."¥I~0P]Flfb)$* 89. 5g, 
ft 7'J ~ ~MffLl 61 Z.'.l;k:~ (Denkablack, ~~f,r."¥I~ 0P] F&b) 4. 5g,tE NMP ~f&ffl~ft Afr1i 
~JfUBI.J~ffijlZ.ii (KF ~~4PJ W#l 100, Kureha ft"¥0P]Flfb) 6. Og rm1%BI.Ji?g~fflxJ...5:\'.:¥i 
~mit!:fijJ.t#,~~~ffi•Z.~A6lt;%s<JiEt&ffl~~o~*iEt&ffl~~~::ffir~AiE 
t-~~~1*1¥J~& 20 µ m 1'11.Jt§ls, ~~m1%fLll'II.J~ijlitt1-r-=f-i*,1JoEL mUnx:Ji~iEt&tt·t14PJJ1lt~ 
!fl iEf~o 
[0122J ctr1t~•t1iA~BI.J:1f1t) 
[0123] f!1::--1.J£mUn>G BI.J iEt&1=jint,~:f)- 83 p~ijlitt1T*~' f!1:: ~ff1~1~~A;it ~, ~~i~ ~ifilxf4 
ffl~~tt □ mttAt§~~~~,mUn\GiA#fr~tfuo frllt, ~fr1~1~1iffl 1M LiPF6{i~~_\[EZ.1ffi~/mR 
~ E!3 Z.@~ c 3/7 lt;br:)o ~~i~iA~~tfufflilllitJLllimUJ§, ~~~tmtfiffl~, 1Y!UkliJ ~51E&, t-'f1fr' 
tr1iid'to fr 2 'i""llimU~14rit!:1-rTiA~,~~,t-~14Cfr1t~•t1iA~ 1) ¾fr~t~=& lcm2 --1.JJfil 
1Jo 20 kg 1'11.J 1ill lt, t!a& A 90 °C , S1 l'sJ :;f;J 2 5ttir o ~ = ,t-~14 Cfr1i id't iA~ 2) ¾fr~ t& =& 1 cm2 

--1.JJfilJJO 20kg B11ilJm,r!a&A 70°C, S11'sJA 2 ?J'-o 
[0124J (5¥r1t~·t1$JL~ 1'11.J~ irs& 1=j5¥r1t~·t'tl'II.J~*) 
[0125J xt~JJfilfytl 1 ~ 4, brw1Ytl 1 ~ 6 itt1T --1.J£5¥r1t~·tiiA~o ~*12Jfr1iffl~JJfil1Ytl l !flr~ 
~ B"I 'tiH5t r ITT Jlj ~ 5.$& 1:ZA 100 S1 BI.J t§ xt 11[ fr* 2 ~~ti::\ 0 83 * 2 pJ ~o, 1=j ~ ;t& BI.J tr1i~ ·ti 
friEint&~~~~r~ffi•z.~*~ms<J~irs&,*~~fr~ffl*Z,~-r=~•~~A 
fr1i '21 txtA~ BI.Jin t& f!JWtt JJIJ ~ ~ 0 83 i~* 2 !fl~* pJ 1Ll Im : fl iffia. z. ti* txrn~ B"I ~ irs & 7'J 3 5% 
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(,2), ra1, Ei ~tJHr~fr1i13-t1 ~!zfo 
[0126J ( ti1i13-'t':i:$JL~ s"J~ EFB& Eifi1i13-J§ B"J ~ ~~tt·ti B"J~*) 
[0121J xt-=r :&ff &b, 1v T tsiz11tti1tit J§ ITT ~~~tt·t1, -tzor it!:1r ~tm :m wt~-r~t~oo. 0 tt 5'c, 
:& Jffl Ei tE _t :i£ " Ei ~ tlk B"J fi1i 13-·t1 i:i\ 00. " q:i 11'. ffl B"J ~ t& IAJ ff ITT 7I it mtif t iE tlk Ei ff!_ tlk O i~ 5 I ~ 
t:& ~ Cl ead tab ) 11r-* tE i~ iE tlk Ei ffi_ t&_t , ft EE r~ Hl , 11'.~ ® iE ff!_ tlk 1~13- , 11'. ~ ffflVi& ~ A , ffl 
Jt~M D tJLM Affl~~q:i o tE.tlt, ~fflf~11'.ffl lM LiPF6 ~~-'1lZZ.I~ / ~~ E!3 Z.I~ (3/7 £;_ 
tt)o i~JtfflfilllitJLtE~tlk& lcm2 _tnfiltm 20kg B"Jw£, it!:1r 90°C ,2 ?J'-4:ips"Jmlli, iMnxJ:i\lli! 
~¥ill.a xtr~tma~:mwt~·t1,tE 25°Cr11/!UJE[,2}, o. 2c B"JnJc~if_S.1J£11£B"J 2C ITTt§xtJJJc~~ 
;, i~Jt1t 1vfi1i13-J§ ITT ~~~tt·t1s"Jtl'ttJF o 
[012sJ xt1tffl~nfilvtl 1 ~ 4, 1::r~fytl 1 ~ 6 s"Jr~Hls"J~tmit!:1r _t:i£~tm:mwt~·t1i:i\lli!, ~ 
* ~ T * 2 q:i O EE* 2 ITT~* pJ ~o , tE 11'.ffl * 1t s,lj Et~ p~ Im B"J 'tl m r , ep 11'. tEffl fil llitJL fi1i 13-~ 
t&Eir~~J§, fi1iittL~JL~B"J$JL~tigfil1~flJ§'.1ij'if, PT~1~ ~:HITT:mwt~·t1° ep, _t;i£~* 
:zz s,lj : im.d 11'.~ {ffiam Z.#ii *tJrn§' $ JL~ B"J ~ EFB &A 20 ~ 35%, Ei ~ tlkfi1iit J§ ITT~ ~~tt-t1 
fil~f~ ~:!ZTo 
[0129J (fi1i13-'l'1$JL~ ITT~ EFB& Ei1/l'J:Eft~·t1B"J~*) 
[ 01 30 J xt r ~ ff &b , -tzo r it!: :fr ~ tm tm J,t m lli! o tt 5'c , :& 1ffl Ei _t :i£ " Ei ~ tlk s"J ti1i 13- ·1'1 mlli!" 
q:i 11'.ffl B"J ~ tlk IAJ ff a~ 7I tt, mlJ 1t iE t& Ei ff!_ tlk o i~ 5 I ti tlk ~ ~ * tE i~ iE t& Ei ff!_ t& _t , ft EE r~ 
~, 11'.~®iE:ftlt&*it, 11'.~fffft~~A, ffllt~M D tJLM Affl~~q:i o tE.tlt, ~fffft,&11'.ffl lM 
LiPF6 11~~-'1lZ Z.I~ / ~~ E!3 Z.I~ C 3/7 £;_ 1::U o i~Jtffl filllitJLtE ~tlk& lcm2 _t,ryfiljJQ 20kg B"J 
w£, it!:1r 90°C, 2 5:)-4:ips"Jmlli, mLlmi:i\lli! ~tfilo JE ~~1tf:R1v 1C4. 2v B"JtsJE ~irits k ~ 
l±JE ~, nJl ~~1tf:RA lC 2. 75V ~JtB"Jtl[JE ~tliEnJc ~, ~nfil ~tih1Jl'll,ti:i\lli! o tE.tlt, 1IJ,tt~·t1 
s"J tl't tJF R 1v 100 '1"11 l1' J§ s"J ~; MH~ $ o 
[0131] xt11'.ffl~nfilvtl 1 ~ 4, l::r~vtl 1 ~ 6 B"Jr~~B"J~tmit!:1r _t:i£~tfil1Jl'IJ,ti:i\lli!o ~*~ 
r:zz2o~ffl~13-tt~JE:5tITT~~~l~4ITT~~ITT~tfilITTffilf~ttEi~ffl~nfil~l~4 
B"J p~ Hl B"J ~ tmt§ l::r , ~ ~ :1:-m~ 0 EE .t1t pJ ~o , ).),.. ~ 1fil ITT 11 lf % fit~ ff B"J x3iLe ti::\ 1t, fi1i 13-·t1 ¾£ 
~ITTo ~~~5ITT~~M~~13-tt~*'~¾~ffl~ITT~tfilITTffilf~tt~m~o~PT~¾ 
EE ri~ r~ Hl B"J Gur 1 ey ffi r,§J, ~ ~~tt·t1 ~JJI!.t~ IE! mH~~ ilJJE :5t B"J 1Jl'llf t~·t1 o Gur 1 ey m~ r,§J 

¾ EE r EE ~ 1ffis m Z. it* tJf A~fig JvG B"J $ JL~ B"J $ JL {t ~ JE :5t B"J ~ i&, 1~ ~ f lJ JE ?J'- B"J $ JL ~ fig 
ITT@: IE!¾ EE T~ EFB&d/J\, M rmtEmrua-txt (,2), MH~JtMffig B"J~i& O 

[ 0132J ( ~ wam z.#ff * 1J-t A§'£; Ej 1i1113-·ti ITT~*) 
[0133J xt~nfilWtl 1 :& 5 ~ s fil~nfil1=j_t;i£1AJffB"J~tlkITTfi1i13-·t1i:i\lli! L ~*[,2],tf:11'.ffl~ 
nfilvtl 1 ITTr~HlB"J'tlm rITTJIJ ~5!E&RA 100 a-ts"Jt§xtffitE:zz 3 q:i~tl::\ 0 * 3 ~*:zzs,lj : M 
~ tt s1 & tJt ~ ~ llfriJ, {B ~ {ffia m Z. ii* ;j;J;f Al't B"J £;_ mxt fi1i 13-·timm ~ llfriJ, iJJll iA T * ~ 00 ITT£ 
; / J \ r o. 5 g / m2 

, IJ!JJti1i 13-·t1 ~ tE r rft B"J f tm ri'D o EE .t1t , hA iJJll 1* JE ?J'- B"J fi1i 13- ·1'1 B"J X'TI ,e ti::\ 1t , ~ 00 B"J 
~1ffis~z.it*tJfA§'B1£;~tJt~1v o. 5g/m2 [,2},_to 
[ 0134 J ( ~ 1ffis ~ Z.#ii * ;j;J;f }j§'£_S_ Ei ff!_ wt~·t1 B"J ~*) 
[0135J xt*nfilvtl 1 :& 5 ~ s it!:1r _t:i£~tm:mwt~'t1i:i\lli!o i~[,2}, o. 2c nJc~4t,_S_j;J£11£B"J 
2C B"Jt§xtnJc~if_S.1'1::7'Jtl'ttJF, i~*~*~r:zz 3 q:i O iJJlli-A T*~1ffis~z.it*tJ;f}jl't£_S.~$, 
~~~tt~tEr~ITT~fi'D,~¾EErEE~wa•z.#ii*~m~mITT$R~~~~tmITT~$~ 
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~Ji:f:ftfJo l'l/,J~i&o * ~ ffi l'l/,J~fffiff• Z.ii ]:Uxrn§ l'l/,Jlt_S_jc-=f' 1. 5g/m2
, Y!Ll JJ~ ~-ri l'l/,Jr ~ll11t'l1~ 

jc, IELr1tf'Fj,~ffil'l"1~1ffiff·Z.~]Ux;fA§El/,Jlt_S_, !J:~111Jtt~fr 1. 5g/m2 ~ r a 

[ 01 36] ( ~ ffi. Z. ii* tx;f }j§ fr?f.. ffi ;f P ~ ffi ITT lt_S_ ~ £5 fll'l :£f !t~ 'ri ITT ::'R*) 
[ 01 31J x-t r 1tffl ~ JJfil f!ltl L g , 10 ITT r~ !"l ITT ~ tm, tt Jffl _t~ 1J rtdtl:tf fM :£ft~ -r1 tf 1Jr D ~~Jt ~ 
*~r?f..4~aEB?l..4m~,*~ffi•z.~*~mlt_S_fr?f..ffi~~ffiz~~jc,~~:£f~tt 
r~io ~mf:fE:~EBrfi1ii5''ri, ~-=fITTlti;IJ-t1fr?f..ffi;fP~ffi~!A], IE!Jlt, ~1t~1Jl'J:£f, Jtx-t~:l:51 
~-t11'!/,J~ll[PJ~4kl±!f,Ylo :!HIJ~, ~JJfilfJU 9, 10 B"Jr~lm~fr;fl11mfi~ aB l'!{]ftWIPJ, ~~fr~f=f ITTJJ~ 
@~mm nx: ~ n[Pj ITT m f:fM1 a MJ~ ff I'!{] x}] B t±:! 1z, _t~ ~ * * ~ , ~ 1ffiff • z. ~ * tx-t A§li _S_ fr?f.. 
ffi;fO~ffiZ~fr ~ { I ?J..ffiITTlt_S_ - ~ffil'!{]lt_S_ I}/ ,8, itli_S_} X 100 A1lrfJFITTtlor. rJ! fjt 
~fr 20% ~r 0 

[0138] (jfij{fil'ritf1Jr) 
[ 01 39 J ~~ * WH!ltl 1 B"J p~ !"l Ej * )]fil 1!ftl 11 B"J p~ !"l ~ fil 'ri im. tt mm f~ tm 'ri iPltl ;E ( TMA) :it!: 1T !::t 
~o Jl1*rm §, i~*~r~Jm~j'i:f!f 4mm tJJ lli #J=§~Jl~5E, ft~JlrsJ!Ee~j, lOmmo ffJJfil.fJO 
W£7'J lOrru'-l, ~fr1Mr.~f!f l0°C /min ftzfrfla'r.,~lJ!tl5Er~JmWT~a-tl'!{]rlll'r.f!fo ~JJfilfJU l EJ/,Jp~)mf,Bz 
VAi 1A fr 15 5 °C WT~, rm~ JJfil WU 11 B"J p~ !"l f,Bz VAi iA fr 180 °C WT~ 0 EB J1t m ~o , hA .. ~ fil 'ri EJ{J x}] ,8 lli 
1z, fjt~ 1tffl 13-~ ~ pg ii ITT~ z. ~t'll$ JU"l o 

[0140] ( ~ffl4j~EJ{_Jff~Eifi1i15'·r1) 
[0141J x-tr**f!ltl 1 £5 t:t~1¥tl 1 ~ 6 ITTr~!"l, ftffl*frr ~ffl4ifi, £5 _t~!A]f=f:itl:1f, ~JJfilEi 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Election/Restriction 

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

I. Claims 1-10, drawn to a separator, classified in H01 M 2/1686. 

II. Claims 11-17, drawn to a method of making a separator, classified in H01 M 2/145. 

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

Inventions Group II and Group I 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 a 

catalytic layer comprising inorganic particles suspended in a film. 

3. 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: 

a) each Group possesses a separate classification as set forth above; and 

b) each Group requires a separate field of search to find relevant prior art (see 

MPEP § 808.02). 

Applicant is advised that the reply to this requirement to be complete must 
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include (i) an election of an invention to be examined even though the requirement 

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

the elected invention. 

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

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

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

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

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

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

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

elected invention. 

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

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

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

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

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

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

4. 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 
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under 37 CFR 1.17(i). 
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5. 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 

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

examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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, Ula Ruddock can be reached on 5712721481. The fax phone number for 

the organization where this application or proceeding is assigned is 571 -273-8300. 

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. 

/SCOTT J. CHMIELECKV 
Primary Examiner, Art Unit 1729 
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Listing of Claims 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

1. (Original)A separator, comprising: 

a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous layer 

comprises inorganic particles and a binder, and a ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer is in a range from 0.3 to 3.0. 

2. (Original)The separator according to claim 1, wherein the porous layer has a 

thickness of 0.2 µm to 10 µm. 

3. (Original)The separator according to claim 1, wherein the porous layer has pores 

formed by the binder, and the pores at least comprises a part of the inorganic particles. 

4. (Original)The separator according to claim 3, wherein the pores have an average pore 

size of 0.3 µm to 20 µm. 

5. (Original)The separator according to claim 1, wherein a volume ratio of the inorganic 

particles to the binder is in a range from 0.2 to 3.0. 

6. (Original)The separator according to claim 1, wherein the porous layer has a porosity 

of 20% to 90%. 
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7. (Original)The separator according to claim 1, wherein the inorganic particles are one 

or more selected from the group consisting of alumina, silica, magnesia, titanium oxide, 

hafnium dioxide, tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium 

oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and 

barium sulfate. 

8. (Original)The separator according to claim 1, wherein the binder is one or more 

selected from the group consisting of polyvinylidene fluoride, vinylidene fluoride­

hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic 

acid, polyacrylates, sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl 

ether, polymethyl methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

9. (Original)An energy storage device, comprising the separator according to claim 1. 

10. (Original)The energy storage device according to claim 9, wherein the energy 

storage device is a lithium-ion battery. 

11. (withdrawn)A method for preparing a separator, wherein the method comprises steps 

of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; 

coating the uniform coating solution onto a surface of a porous substrate to form a wet 

film; 
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immersing the wet film into a coagulating solution for phase transformation; and 

drying the phase-transformed wet film to obtain the separator. 

12. (withdrawn)The method according to claim 11, wherein the solid content m the 

coating solution is in a range from 7% to 25%. 

13. (withdrawn)The method according to claim 11, wherein the coagulating solution 

comprises a second solvent and a third solvent, and the second solvent has a mass 

percentage of 20% to 60%. 

14. (withdrawn)The method according to claim 11, wherein the first solvent is one or 

more independently selected from the group consisting of N-methylpyrrolidone , 

dimethylacetamide and dimethylformamide. 

15. (withdrawn)The method according to claim 11, wherein the porous substrate 

comprises a polymer film, a multilayer polymer film, or a non-woven fabric formed by 

any one or more of the following polymers: polyethylene, polypropylene, polyethylene 

terephthalate, polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, 

polyamide, polyimide, polyetheretherketone , polyaryletherketone, polyetherimide, 

polyamide imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, 

cycloolefin copolymer, polyphenylene sulfide, and polyethylene naphthalene. 
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16. (withdrawn)The method according to claim 15, wherein the polyethylene is at least 

one selected from the group consisting of high density polyethylene, low density 

polyethylene, and ultrahigh molecular weight polyethylene. 

17. (withdrawn)The method according to claim 13, wherein the second solvent is one or 

more independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide, and the third solvent is one or more 

selected from the group consisting of deionized water, ethanol, propanol, acetone, 

dimethyl carbonate and diethyl carbonate. 
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REMARKS 

Claims 1-17 were originally filed in the present application, of which claims 11-17 have been 

withdraw without prejudice or disclaimer. Consideration and allowance of pending claims 1-10 

is respectfully requested. 

The Examiner has identified two inventions for restriction: 

I. Claims 1-10, drawn to a separator, classified in H0lM 2/1686. 

II. Claims 11-17, drawn to a method of making a separator, classified in 

H0lM 2/145. 

Applicants provisionally elect, without traverse, Group I, which includes claims 1-10. 

Applicant respectfully requests an early action on the merits. 

Dated: Jan. 3, 2020 

{DEHE-1806-USPT /01080441 v 1} 

Respectfully submitted, 

By: /charles ho/ 
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Charles S. Ho, Reg. No. 51807 

Charles_ ho@barron-young.com 
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DETAILED ACTION 

Notice of Pre-A/A or A/A Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Election/Restrictions 

1. Applicant's election without traverse of Group I, claims 1-10, in the reply filed on 

January 3, 2020 is acknowledged. Claims 11-17 are withdrawn from further 

consideration pursuant to 37 CFR 1.142(b) as being drawn to a nonelected Group, 

there being no allowable generic or linking claim. 

Claim Rejections - 35 USC § 103 

2. In the event the determination of the status of the application as subject to AIA 35 

U.S.C. §§ 102 and 103 (or as subject to pre-AIA 35 U.S.C. §§ 102 and 103) is incorrect, 

any correction of the statutory basis for the rejection will not be considered a new 

ground of rejection if the prior art relied upon, and the rationale supporting the rejection, 

would be the same under either status. 

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

obviousness rejections set forth in this Office action: 

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

4. Claims 1-10 are rejected under 35 U.S.C. § 103 as being unpatentable over Nam 

et al (US 2019/0355953 A1), hereinafter "Nam," in view of Shimura et al (US 

2019/0123319 A1 ), hereinafter "Shimura." 
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5. Regarding claim 1, Nam teaches a separator comprising: 

Page 3 

a porous substrate, in this case the porous polyolefin substrate (10026); 

a porous layer arranged on a surface of the porous substrate comprising 

inorganic particles and a binder, in this case the organic-inorganic hybrid porous 

coating layer (10026). 

Nam does not teach the ratio of the inorganic particles' Dv90 value to the porous 

layer's thickness. However, Shimura teaches a separator comprising inorganic particles 

and a binder wherein the inorganic particle size may be adjusted to provide appropriate 

Gurley and porosity values (10028). One with ordinary skill in the art would realize that 

Dv90 is dependent on particle size and adjusting the ratio of the inorganic particles 

Dv90 value to the porous layer's thickness to be 0.3 to 3.0 would ensure that the 

separator possessed the appropriate Gurley and porosity values (see 10028), thereby 

facilitating improved separator performance. Therefore, it would have been obvious to 

have made the Dv90 to thickness ratio to be 0.3 to 3.0 in order to facilitate improved 

separator performance. 

6. Regarding claim 2, Nam further teaches that the porous layer's thickness is 0.2 

µm to 10 µm, in this case the coating thickness is 3 µm (1 0057). 

7. Regarding claim 3, Nam further teaches that the porous layer has pores formed 

by the binder and com prise at least a part of the inorganic particle, in this case the 

porous structure is formed due to the interstitial volume between the inorganic particles 

and the binder (10027) which results in the claimed structure. 

8. Regarding claim 4, Nam further teaches that the average pore size is 0.3 µm to 

20 µm, in this case 0.5 µm (10057). 
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9. Regarding claim 5, Nam does not teach the volume ratio of the inorganic 

Page 4 

particles to that of the binder. However, Shimura teaches that the volume % of the 

inorganic particles in the binder is 2 vol % to 40 % or less (10027), which overlaps with 

the claimed ratio of 0.2 to 3.0. One with ordinary skill in the art would realize that making 

the volume ratio of inorganic particles to binder to be 0.2 to 3.0 would yield a separator 

with the desired heat resistance and short circuit prevention (see 10005), thereby 

facilitating improved separator performance and safety. Therefore, it would have been 

obvious to have mad the volume ratio of inorganic particles to binder to be 0.2 to 3.0 in 

order to facilitate improved separator performance and safety. 

10. Regarding claim 6, Nam further teaches that the porous layer's porosity is 20% to 

90%, in this case 45% (10057). 

11. Regarding claim 7, Nam further teaches that the inorganic particles are selected 

from alumina, titanium oxide, zinc oxide, calcium oxide, nickel oxide, and others ( 1 

0030). 

12. Regarding claim 8, Nam further teaches that the binder is selected from 

polyvinylidene fluoride hexafluoropropylene copolymer, polyacrylonitrile, 

polyvinylpyrrolidone, and others (10028 & 0049). 

13. Regarding claim 9, Nam further teaches an energy storage device comprising the 

separator, in this case a lithium secondary battery (1 0012 & 0029). 

14. Regarding claim 1 0, Nam further teaches that the energy storage device is a 

lithium-ion battery, in this case a lithium secondary battery. (10012 & 0029). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
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examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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, Ula Ruddock can be reached on 5712721481. The fax phone number for 

the organization where this application or proceeding is assigned is 571 -273-8300. 

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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/SCOTT J. CHMIELECKV 
Primary Examiner, Art Unit 1729 



Application/Control No. Applicant(s)/Patent Under 
16/013,887 Reexamination 

Notice of References Cited 
Yi etal. 

Examiner Art Unit 
SCOTT J CHMIELECKI 1729 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

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

* A U S-20190355953-A 1 11-2019 NAM; Kwan Woo H01M2/1686 1 /1 

* B US-20190123319-A 1 04-2019 SHIMURA; Kenichi H01M2/16 1 /1 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

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

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

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

u 

V 

w 

X 

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

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200108a 



Search Notes 

I CPC - Searched• 

Symbol 

Application/Control No. 

16/013,887 

Examiner 

SCOTT J CHMIELECKI 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

Yi etal. 

Art Unit 

1729 

I Date I Examiner 

Date Examiner 

Date Examiner 

* 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 

Reviewed IDS documents, performed EAST text search for relevant 
prior art, & conducted Google Scholar search for relevant prior art; 
conducted inventor & assignee search. 

Interference Search 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 

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

Date Examiner 

SJC 
01/08/2020 

Date Examiner 

Part of Paper No.: 20200108a 



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

Index of Claims 16/013,887 Yi etal. 

Examiner Art Unit 

SCOTT J CHMIELECKI 1729 

✓ Rejected Cancelled N Non-Elected A Appeal 

-- Allowed Restricted I Interference 0 Objected 

CLAIMS 

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

CLAIM DATE 
Final Original 11/07/2019 01/08/2020 

1 ✓ 

2 ✓ 

3 ✓ 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ 

8 ✓ 

9 ✓ 

10 ✓ 

11 N 
12 N 
13 N 
14 N 
15 N 
16 N 
17 N 

U.S. Patent and Trademark Office Part of Paper No.: 20200108a 

Page 1 of 1 



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

ftlEJrsearch. Query ....................................................................... Jr:7 g~~~~~r .JE:51 ~~~~p ....... j 
'u7 245 i separator WITH binder WITH inorganic ADJ i US- i OR i ON j 2020/01/08! 

i i particle AND inorganic ADJ particle SAME i PGPUB; i i j 17:46 i 
! ! (alumina silica magnesia (titanium hafnium tin i USPAT ! ! i ! 
! ! zirconia nickel zinc calcium) ADJ oxide cerium ! ! ! [ ! 
! ! ADJ dioxide boehmite (aluminum magnesium I ! ! I ! 
! ! calcium) ADJ hydroxide barium ADJ sulfate) i ! ! [ ! 
i ! AND binder SAME (polyvinylidene ADJ fluoride i ! ! j ! 
i i pvdf vinylidene ADJ fluoride ADJ i ! ! [ ! 
i i hexafluoroproyplene polyamide polyacrylonitrile i i i j ! 
! ! polyacrylate polyacrylic ADJ acid sodium ADJ i ! ! i ! 
! ! carboxymethylcellulose polyvinylpyrrolidone i ! ! [ ! 
! ! polyvinyl ADJ ether polymethyl ADJ ! ! ! [ ! 
! ! methacrylate polytetrafluoroethylene ptfe I ! ! I ! 

.......... ! ............ ! polyhexafluoropropylene) ................................................... ! ................. ! ......................... ! ................. [ .......................... ! 

LJ2 !LJ66 ! L 1 AND porous ADJ (substrate layer film base) i US- !DR !LJN [ 2020/01/08! 
i i iPGPUB·i i i17-47 i 
I I I USPAT'I I I . I .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

lll3 1ll:~::•dv:O" I ~~~; l[~"ll~:1 ~~2

~~0
1

/0:I 

LJ
□itL 1 AND "dv90" NOT L3 ! US- !DR !LJN I 2020/01/08! 

i i PGPUB·i i i 18·23 i . : ,, ' : . ' 

.......... .1 ........................................................................................................... i USPAT. j ...................... ..1 ................. 1 ........................ j 
L6 :o7 separator WITH binder WITH inorganic ADJ i FPRS; i OR i ON j 2020/01/08! 

i i particle AND inorganic ADJ particle SAME i EPO; i i j 18:31 i 
i i (alumina silica magnesia (titanium hafnium tin i JPO i i j ! 
! ! zirconia nickel zinc calcium) ADJ oxide cerium i ! ! i ! 
! ! ADJ dioxide boehmite (aluminum magnesium i ! ! [ ! 
! ! calcium) ADJ hydroxide barium ADJ sulfate) I ! ! I ! 
! ! AND binder SAME (polyvinylidene ADJ fluoride i ! ! [ ! 
! ! pvdf vinylidene ADJ fluoride ADJ i ! ! [ ! 
i i hexafluoroproyplene polyamide polyacrylonitrile i ! ! j ! 
i i polyacrylate polyacrylic ADJ acid sodium ADJ i i i j ! 
! ! carboxymethylcellulose polyvinylpyrrolidone i ! ! i ! 
! ! polyvinyl ADJ ether polymethyl ADJ i ! ! [ ! 
! ! methacrylate polytetrafluoroethylene ptfe ! ! ! [ ! 
! ! polyhexafluoropropylene) ! ! ! [ ! 

...................................................................................................................................................................................................................................................................................................................................................................................... > .................................................................... , .................................................................................................... , ............................................................................ > .................................................... ,,,,,,,,,,,,,, 

[17 !□! separator WITH binder WITH inorganic ADJ ! FPRS; !DR !LJN I 2020/01/08! 
! ! particle AND "dv90" I EPO; ! ! I 18:32 ! 
i i iJPO i i I i 
•• '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ,,,,,,,,,,,,,,,,,' ,,,,,,,,,,,,,,,,,,,,,,,,,' ,,,,,,,,,,,,,,,,,,,> ,,,,,,,,,,,,,,,,,,,,,,,,,,' 

LJ8 !□! separator WITH binder WITH inorganic ADJ ! US- !DR !LJN I 2020/01/08! 
! ! particle AND "dv90" I PGPUB; ! ! I 18:32 ! 
i i i USPAT i i j i .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~' ur IIL2 .AN□. par1;c1e. ADJ s;ze····················································· I ~~~;1e1e j ~~~~~01/::1 
□1100 I L2 AND par1;c1e ADJ s;ze WITH ;norgan;c I US- !DR !LJN j 2020/01/08! 

i i PGPUB;! i j 18:40 i 
i i USPAT i i I i 

~~~~~~~~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~-· ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

[L11 !~!i(ningde ADJ amperex.AS. (yi zhang wei llus- !ioR !ioN 112020101108! 

file:/ //C/U sers/schmielecki/Documents/e-Red%20Folder/l 6013887 /EASTSearchHistory .16013887 _Accessible Version.htm[ 1/8/2020 8:09: 19 PM] 



EAST Search History 

I I ltao).IN.)AND(inorganicADJparticleWITH ilPGPUB;! ! il20:08 ! 
! ! ! porous ADJ substrate WITH porous ADJ layer ! USPAT ! ! ! ! 
! i i WITH "dv90").CLM. ! i i ! i 
I ~~~~~~~~~ • ~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~~~~~~ ' ~~~~~~~~~~~~~~~~~~~!: ~~~~~~~~~~~~~~~~~~~~~~~~~ ' 

EAST Search History (Interference} 

< This search history is empty> 

1/8/2020 8:09:16 PM 
C:\ Users\ schmielecki\ Documents\ EAST\ Workspaces\ 16\ 013887 .wsp 

file:/ //C/U sers/schmielecki/Documents/e-Red%20Folder/l 6013887 /EASTSearchHistory .16013887 _Accessible Version.htm[ 1/8/2020 8:09: 19 PM] 



Receipt date: 08/05/2019 16/013,887 - GAU: 1729 

Doc code: IDS PTO/SB/0Ba (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16013887 

Filing Date )018-06-20 

INFORMATION DISCLOSURE First Named Inventor I ~ianjian Yi 
STATEMENT BY APPLICANT 

Art Unit 11729 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chmielecki, Scott J. 

Attorney Docket Number I DEHE-1806-USPT 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

vS.J.C./ 1 rnB2436 CN A 2006-12-20 rr onen Sekiyukagaku KK X 

Vs.J.C.1 2 ~03155217 CN A 2013-06-12 rreijin Limited [8J 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 16013887 

Filing Date 2018-06-20 

First Named Inventor Jianjian Yi 

Art Unit 1729 

Examiner Name Chmielecki, Scott J. 

Attorney Docket Number DEH E-1806-USPT 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 / SCOTT J. CHMIELECKI/ I Date Considered 11 011oa12020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

T5 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



Application Number 16013887 

Filing Date 2018-06-20 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

First Named Inventor Jianjian Yi 

Art Unit 1729 
( Not for submission under 37 CFR 1.99) 

Examiner Name Chmielecki, Scott J. 

Attorney Docket Number DEH E-1806-USPT 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Charles Ho/ Date (YYYY-MM-DD) 2019-08-05 

Name/Print Charles Ho Registration Number ~1,807 

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



Receipt date: 08/05/2019 16/013,887 - GAU: 1729 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

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

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

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

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

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

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

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

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

EFSWeb 2.1.18 



Bibliographic Data 

Application No: 16/013,887 

Foreign Priority claimed: @ Yes O No 

35 USC 119 (a-d) conditions met: ~Yes 0No 

Verified and Acknowledged: l1sCOTT J. CHMIELECKI/ 

Examiner's Signature 

D Met After Allowance 

Initials 

Title: lsEPARATOR AND ENERGY STORAGE DEVICE 

FILING or 371(c) DATE CLASS GROUP ART UNIT 

06/20/2018 429 1729 

RULE 

APPLICANTS 

Ningde Amperex Technology Limited, Ningde, CHINA 

INVENTORS 

Jianjian Yi Ningde, CHINA 

Xinzhi Zhang Ningde, CHINA 

Zengbin Wei Ningde, CHINA 

Xinghua Tao Ningde, CHINA 

CONTINUING DATA 

FOREIGN APPLICATIONS 

CHINA 201810321779.5 04/11/2018 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

07/09/2018 

STATE OR COUNTRY 

CHINA 

ADDRESS 

BYIPLTD. 

5700 Granite Parkway, Suite 200 

Plano, TX 75024 

UNITED STATES 

FILING FEE RECEIVED 

$1,720 

ATTORNEY DOCKET NO. 

DEHE-1806-USPT 



Receipt date: 07/16/2018 16/013,887 - GAU: 1729 

Doc code: IDS PTO/SB/0Ba (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16013887 

Filing Date )018-06-20 

INFORMATION DISCLOSURE First Named Inventor I ~ianjian Yi 
STATEMENT BY APPLICANT 

Art Unit 11726 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number I DEHE-1806-USPT 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

Vs.J.C.1 1 rn3474502 CN A 2013-12-25 Shenzhen Taibai 
X If echnology Co., Ltd 

Shenzhen Hongtai 
Vs.J.C., 2 ~05004376 CN u 2016-01-27 Sattery Technology Co., [8J 

,...td 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 
( Not for submission under 37 CFR 1.99) 

Application Number 16013887 

Filing Date 2018-06-20 

First Named Inventor Jianjian Yi 

Art Unit 1726 

Examiner Name Not Yet Assigned 

Attorney Docket Number DEH E-1806-USPT 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 ; SCOTT J. CHMIELECKI/ I Date Considered 110110012020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

T5 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



Application Number 16013887 

Filing Date 2018-06-20 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

First Named Inventor Jianjian Yi 

Art Unit 1726 
( Not for submission under 37 CFR 1.99) 

Examiner Name Not Yet Assigned 

Attorney Docket Number DEH E-1806-USPT 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Charles Ho/ Date (YYYY-MM-DD) 2018-07-13 

Name/Print Charles Ho Registration Number ~1,807 

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb 2.1.18 
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.J.C./ 



Receipt date: 07/16/2018 16/013,887 - GAU: 1729 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

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

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

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

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

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

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

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

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

EFSWeb 2.1.18 



Electronic Acknowledgement Receipt 

EFSID: 39120604 

Application Number: 16013887 

International Application Number: 

Confirmation Number: 3106 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 129752 

Filer: Charles S. Ho/Ethan Huang 

Filer Authorized By: Charles S. Ho 

Attorney Docket Number: DEHE-1806-USPT 

Receipt Date: 1 0-APR-2020 

Filing Date: 20-JUN-2018 

Time Stamp: 10:03:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

110396 

1 
Amendment/Req. Reconsideration-After Response_to_nonfinal_OA_DE 

no 4 
Non-Final Reject HE-1806-USPT.PDF 

f2181f31 ecd91 59139a95972e78d52da280 
df380 

Warnings: 



Information: 

Total Files Size (in bytes)~ 110396 

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

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



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: Jianjian Yi 

Application No.:16/013,887 

Filing Date: June 20, 2018 

Entitled: SEPARATOR AND ENERGY 
STORAGE DEVICE 

Attorney Docket No.: DEHE-1806-USPT 

RESPONSE TO NON-FINAL OFFICE ACTION 

Dear Sir: 

The present paper is being submitted in response to the Non-Final Office Action mailed 
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Remarks 

Claims 1-17 are pending in the present application, of which claims 11-17 are withdrawn 

from consideration. By this paper, no claims are amended. Applicant respectfully requests 

reconsideration of the pending claims in view of the following remarks. 

Reiection Under 35 U.S.C. §103 

Claims 1-10 are rejected under 35 U.S.C. 103 as being unpatentable over Nam et al. 

(US2019/0355953Al, hereafter "Nam"), in view of Shimura et al.(US2019/0123319Al, 

hereafter "Shimura"). 

Applicants respectfully disagrees for the below reasons. 

Claim 1 recites: 

[a] a ratio ofDv90 of the inorganic particles to the thickness of 

the porous layer arranged on a surface of the porous substrate is 

in a range from 0.3 to 3.0. 

The examiner deems that Nam dose not disclose or teach "ratio ofDv90 of the inorganic 

particles to the thickness of the porous layer", but Shimura teaches. Applicant respectfully 

disagrees. 

Firstly, the Shimura's separator comprising: "a base material resin having voids; and an 

inorganic particle having a surface (A) facing the void and a surface (B) in contact with the resin, 

wherein the length of the surface (A) is 50% or more of the length of the outer periphery of the 

particle in a cross-sectional SEM photograph of the separator (see claim I and para.0018)". Thus, 

in Shimura, the separator comprises "the base material resin" having void, NOT"the porous 

layer" arranged on a surface of "the base material resin" which is a different matter, this is 

because there is no porous layer at all. Based on this, it is impossible for Shimura to think that a 

porous layer having voids is disposed on the base material. Furthermore, it is also impossible for 

Shimura to think of the correlation between Dv90 of the inorganic ions and the thickness of the 
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porous layer. Thus, Shimura fails to disclose the porous layer which the office action relied on 

to anticipate the original claims 1. Therefore, Shimura fails to disclose or teach "a ratio of Dv90 

of the inorganic particles to the thickness of the porous layer arranged on a surface of the porous 

substrate is in a range from 0.3 to 3.0" as recited in claim 1. 

Secondly, even though Shimura disclosed that the inorganic particle size can be adjusted to 

adjust the porosity (see para.0028) and air-permeability (see para.0036), the relationship between 

Dv90 and the thickness of the porous layer is not easy for those skilled in the art to conceived. 

The specific reasons are as follows: 

i) As can be seen from the para.0028 of Shimura" ... the particle size of the inorganic 

particles is not particularly limited ... the particle size may be adiusted such that separator 

characteristics. such as Gurley value and porosity, become appropriate values ... ", so the 

inorganic particle size is adjusted to affect the size of the pores formed between the inorganic 

particles, thereby affecting the porosity and air-permeability of the separator in Shimura. 

However, the feature "ratio ofDv90 of the inorganic particles to the thickness of the porous layer" 

recited in claim I is used to make the separator and the electrode have excellent adhesion, to 

ensure that the battery has good safety performances, which is different from the porosity and 

air-permeability. 

ii) There are many parameters that represent the inorganic particle size, such as Dvl0, Dv50, 

Dv99, etc. Generally, it is more preferred to use Dv50, which is the average particle size, to 

more truly reflect the overall situation of inorganic particle distribution for those skilled in the art, 

such as "the mode diameter" disclosed by Shimura, represents the diameter of the largest 

proportion of particles, and its physical meaning is close to the average particle size. Therefore, 

even if the relationship between the size of the inorganic particles and the thickness of the porous 

layer is conceived, the ratio of the average particle size of the inorganic particles to the thickness 

of the porous layer can be only considered by those skilled in the art, but not the relationship 

between the Dv90 of inorganic particles and the thickness of the porous layer. 

Based on the above, it is nonobvious for one with ordinary skill in the art to have the 

feature "a ratio ofDv90 of the inorganic particles to the thickness of the porous layer arranged 

on a surface of the porous substrate is in a range from 0.3 to 3.0" as recited in claim 1. 
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In summary, applicant respectfully submits that the cited references, either individually or 

in combination, fail to disclose or teach the features "a ratio ofDv90 of the inorganic particles to 

the thickness of the porous layer arranged on a surface of the porous substrate is in a range 

from 0.3 to 3.0" as recited in claim 1. 

Accordingly, for at least the above reason, withdrawal of the rejection of claim 1 is 

respectfully requested. Claims 2-8 which depend upon claim 1 are patentably distinct over the 

cited prior art due to their dependence upon claiml and also due to their own limitations. 

Claim 9 recites an energy storage device, comprising the separator according to claim 1, 

thus also patentable. Similarly Claim 10, which depend upon claim 9 are patentably distinct over 

the cited prior art due to their dependence upon claim 9 and also due to their own limitations. 

Conclusion: 

For at least the above reasons, the claims currently under consideration are believed to be in 

condition for allowance. While this response sets forth arguments against certain made by the 

office action, Applicant does not concede to the validity of other allegations not argued in this 

response. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or 

credit any overpayment to Deposit Account No. 50-5658. 

Dated: April 10, 2020 
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Charles S. Ho, Reg. No. 51807 

Charles_ ho@barron-young.com 
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Notice of Pre-A/A or A/A Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. The text of those sections of Title 35, 

U.S. Code not included in this action can be found in a prior Office action. 

Claim Rejections - 35 USC § 103 

1. The rejection of claims 1-10 under 35 U.S.C. § 103 as being unpatentable over 

Nam et al (US 2019/0355953 A1), hereinafter "Nam," in view of Shimura et al (US 

2019/0123319 A1 ), hereinafter "Shimura," is maintained as set forth below. 

2. Regarding claim 1, Nam teaches a separator comprising: 

a porous substrate, in this case the porous polyolefin substrate (10026); 

a porous layer arranged on a surface of the porous substrate comprising 

inorganic particles and a binder, in this case the organic-inorganic hybrid porous 

coating layer (10026). 

Nam does not teach the ratio of the inorganic particles' Dv90 value to the porous 

layer's thickness. However, Shimura teaches a separator comprising inorganic particles 

and a binder wherein the inorganic particle size may be adjusted to provide appropriate 

Gurley and porosity values (1 0028). One with ordinary skill in the art would realize that 

Dv90 is dependent on particle size and adjusting the ratio of the inorganic particles 

Dv90 value to the porous layer's thickness to be 0.3 to 3.0 would ensure that the 

separator possessed the appropriate Gurley and porosity values (see 10028), thereby 

facilitating improved separator performance. Therefore, it would have been obvious to 

have made the Dv90 to thickness ratio to be 0.3 to 3.0 in order to facilitate improved 
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3. Regarding claim 2, Nam further teaches that the porous layer's thickness is 0.2 

µm to 10 µm, in this case the coating thickness is 3 µm (,I 0057). 

4. Regarding claim 3, Nam further teaches that the porous layer has pores formed 

by the binder and com prise at least a part of the inorganic particle, in this case the 

porous structure is formed due to the interstitial volume between the inorganic particles 

and the binder (1 0027) which results in the claimed structure. 

5. Regarding claim 4, Nam further teaches that the average pore size is 0.3 µm to 

20 µm, in this case 0.5 µm (,I 0057). 

6. Regarding claim 5, Nam does not teach the volume ratio of the inorganic 

particles to that of the binder. However, Shimura teaches that the volume % of the 

inorganic particles in the binder is 2 vol % to 40 % or less (1 0027), which overlaps with 

the claimed ratio of 0.2 to 3.0. One with ordinary skill in the art would realize that making 

the volume ratio of inorganic particles to binder to be 0.2 to 3.0 would yield a separator 

with the desired heat resistance and short circuit prevention (see 10005), thereby 

facilitating improved separator performance and safety. Therefore, it would have been 

obvious to have mad the volume ratio of inorganic particles to binder to be 0.2 to 3.0 in 

order to facilitate improved separator performance and safety. 

7. Regarding claim 6, Nam further teaches that the porous layer's porosity is 20% to 

90%, in this case 45% (10057). 

8. Regarding claim 7, Nam further teaches that the inorganic particles are selected 

from alumina, titanium oxide, zinc oxide, calcium oxide, nickel oxide, and others (1 

0030). 
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9. Regarding claim 8, Nam further teaches that the binder is selected from 

polyvinylidene fluoride hexafluoropropylen e copolymer, polyacrylonitrile, 

polyvinylpyrrolidone, and others (10028 & 0049). 
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10. Regarding claim 9, Nam further teaches an energy storage device comprising the 

separator, in this case a lithium secondary battery (1 0012 & 0029). 

11 . Regarding claim 10, Nam further teaches that the energy storage device is a 

lithium-ion battery, in this case a lithium secondary battery. (10012 & 0029). 

Response to Arguments 

12. Applicant's arguments filed April 10, 2020 have been fully considered but they 

are not persuasive. Applicant argues that the claimed apparatus is not taught by the 

cited prior art. 

13. In response to applicant's arguments against the references individually, one 

cannot show nonobviousness by attacking references individually where the rejections 

are based on combinations of references (see In re Keller, 642 F.2d 413, 208 

USPQ 871 (CCPA 1981); In re Merck& Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 

1986)). Particularly, Applicant's argument that certain features are not taught by 

Shimura are unpersuasive because Nam teaches these features as discussed in the 

rejection of claims, above. 

14. Applicant's arguments fail to comply with 37 CFR 1.111 (b) because they amount 

to a general allegation that the claims define a patentable invention without specifically 

pointing out how the language of the claims patentably distinguishes them from the 

references. While Applicant is correct that neither reference explicitly recites the Dv90 

value, Applicant fails to address Shimura's teaching that adjusting particle size results in 
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description of particle size one with ordinary skill in the art would understand to adjust 

this value in order to obtain a separator with the appropriate Gurley and porosity values 

to ensure proper separator functionality. Furthermore, Applicant fails to provide any 

evidence or reasoning as to why the Dv90 value is significant or provides unexpected 

results. Therefore, Applicant's argument is unpersuasive. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 
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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, Ula Ruddock can be reached on 5712721481. The fax phone number for 

the organization where this application or proceeding is assigned is 571 -273-8300. 

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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/SCOTT J. CHMIELECKV 
Primary Examiner, Art Unit 1729 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: NINGDE AMPEREX 
TECHNOLOGY LIMITED 

Application No.:16/013,887 

Filing Date: June 20, 2018 

Entitled: SEPARATOR AND ENERGY 
STORAGE DEVICE 

Attorney Docket No.: DEHE-1806-USPT 

RESPONSE TO FINAL OFFICE ACTION MAILED APRIL 20, 2020 

Dear Sir: 

The present paper is being submitted in response to the Final Office Action mailed April 

20, 2020. 

Listing of Claims begins on page 2 of this paper. 

Remarks begin on page 5 of this paper. 

{DEHE-1806-USPT /01167079v 1} 



Response to Office Action mailed April 20, 2020 

Amendments to the Claims: 

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

application: 

1. (Currently Amended) A separator, comprising: 

a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous 

layer comprises inorganic particles and a binder, and a ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer is in a range from 0.3 to 3.0.,_ 

wherein the porous layer has pores formed by the binder, and the pores at least 

comprises a part of the inorganic particles. 

2. (Original) The separator according to claim 1, wherein the porous layer has a 

thickness of 0.2 µm to 10 µm. 

3. (Canceled). 

4. (Currently Amended) The separator according to claim [[3 ]] l, wherein the pores 

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

5. (Original) The separator according to claim 1, wherein a volume ratio of the 

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

6. (Original) The separator according to claim 1, wherein the porous layer has a 

porosity of 20% to 90%. 

7. (Original) The separator according to claim 1, wherein the inorganic particles 

are one or more selected from the group consisting of alumina, silica, magnesia, 

titanium oxide, hafnium dioxide, tin oxide, zirconia, cerium dioxide, nickel oxide, zinc 

oxide, calcium oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium 

hydroxide, and barium sulfate. 

{DEHE-1806-USPT /01167079v 1} 2 
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8. (Original) The separator according to claim 1, wherein the binder is one or more 

selected from the group consisting of polyvinylidene fluoride, vinylidene fluoride­

hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic 

acid, polyacrylates, sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl 

ether, polymethyl methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

9. (Original) An energy storage device, comprising the separator according to 

claim 1. 

10. (Original) The energy storage device according to claim 9, wherein the energy 

storage device is a lithium-ion battery. 

11. (withdrawn)A method for preparing a separator, wherein the method comprises 

steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; 

coating the uniform coating solution onto a surface of a porous substrate to form a 

wet film; 

immersing the wet film into a coagulating solution for phase transformation; and 

drying the phase-transformed wet film to obtain the separator. 

12. (withdrawn)The method according to claim 11, wherein the solid content in the 

coating solution is in a range from 7% to 25%. 

13. (withdrawn)The method according to claim 11, wherein the coagulating 

solution comprises a second solvent and a third solvent, and the second solvent has a 

mass percentage of 20% to 60%. 

14. (withdrawn)The method according to claim 11, wherein the first solvent is one 

or more independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide. 

{DEHE-1806-USPT /01167079v 1} 3 
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15. (withdrawn)The method according to claim 11, wherein the porous substrate 

comprises a polymer film, a multilayer polymer film, or a non-woven fabric formed by 

any one or more of the following polymers: polyethylene, polypropylene, polyethylene 

terephthalate, polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, 

polyamide, polyimide, polyetheretherketone , polyaryletherketone, polyetherimide, 

polyamide imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, 

cycloolefin copolymer, polyphenylene sulfide, and polyethylene naphthalene. 

16. (withdrawn)The method according to claim 15, wherein the polyethylene is at 

least one selected from the group consisting of high density polyethylene, low density 

polyethylene, and ultrahigh molecular weight polyethylene. 

17. (withdrawn)The method according to claim 13, wherein the second solvent is 

one or more independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide, and the third solvent is one or more 

selected from the group consisting of deionized water, ethanol, propanol, acetone, 

dimethyl carbonate and diethyl carbonate. 

{DEHE-1806-USPT /01167079v 1} 4 
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Remarks 

Claims 1-10 were previously pending in the present application. By this paper, claims 1 

and 4 are amended without introducing new matter; claim 3 is canceled without prejudice or 

disclaimer. Applicant respectfully requests reconsideration of the pending claims in view of the 

above amendments and the following remarks. 

Reiection Under 35 U.S.C. §103 

Claims 1-10 are rejected under 35 U.S.C. 103 as being unpatentable over Nam et al. 

(US2019/0355953Al, hereafter "Nam"), in view of Shimura et al.(US2019/0123319Al, 

hereafter "Shimura"). 

Applicants respectfully disagrees for the below reasons. 

Amended claiml recites: 

[a] the porous layer has pores formed by the binder, and the 

pores at least comprises a part of the inorganic particles. 

The examiner deems that Nam teaches "the porous layer has pores formed by the binder, 

and the pores at least comprises a part of the inorganic particles". Applicant respectfully 

disagrees. 

In Nam, the battery separator, comprises: (a) a polyolefin-based substrate; and (b) an active 

layer comprising a mixture of inorganic particles and a binder, wherein the inorganic particles in 

the active layer are connected and fixed to each other by the binder, and a porous structure is 

formed due to an interstitial volume between the inorganic particles (see claiml and para.0027). 

The figure is introduced as follows: 

{DEHE-1806-USPT /01167079v 1} 5 
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Fig.8 of Nam 

As can been seen from the above and the para.0054, the binder according to the Nam is able 

to retain strong hydrogen bonding due to the -O/-OH group, in the above figure, the triangular 

shape denotes a hydroxyl group or a hydrophilic group, and the circle denotes inorganic particles. 

Thus, in Nam, the binder is only used to connect and fix the inorganic particles in the active 

layer to each other, and the porous structure is formed by the inorganic particles. 

Based on this, in the case where Nam tends to form inorganic particles into a porous 

structure with a binder, it is impossible to have pores formed by the binder, and it is impossible 

to include inorganic particles in the pores formed by the binder. In comparison, current claim 1 

discloses that the inorganic particles is located in the pores formed by the binder, which is quite 

different from Nam. Therefore, Nam is completely opposite to the technical feature "the porous 

layer has pores formed by the binder, and the pores at least comprises a part of the inorganic 

particles" as recited in claim 1. 

In Shimura, the separator comprises: "a base material resin having voids; and an 

inorganic particle having a surface (A) facing the void and a surface (B) in contact with the resin 

(see claim I and para.0018). However, Shimura fails to disclose or teach "the porous layer has 

pores formed by the binder, and the pores at least comprises a part of the inorganic particles" as 

recited in claim 1. 

{DEHE-1806-USPT /01167079v 1} 6 
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Based on the above, it is nonobvious for one with ordinary skill in the art to have the feature 

"the porous layer has pores formed by the binder, and the pores at least comprises a part of the 

inorganic particles" as recited in claim 1 on the basis of Nam and Shimura. 

In summary, applicant respectfully submits that the cited references, either individually or 

in combination, fail to disclose or teach the features "the porous layer has pores formed by the 

binder, and the pores at least comprises a part of the inorganic particles" as recited in claim 1. 

Accordingly, for at least the above reason, withdrawal of the rejection of claim 1 is 

respectfully requested. Claims 2 and 4-8 which depend upon claim 1 are patentably distinct over 

the cited prior art due to their dependence upon claim 1 and also due to their own limitations. 

Claim 9 recites an energy storage device, comprising the separator according to claim 1, 

thus also patentable. Similarly Claim 10, which depend upon claim 9 are patentably distinct over 

the cited prior art due to their dependence upon claim 9 and also due to their own limitations. 

Conclusion: 

For at least the above reasons, the claims currently under consideration are believed to be in 

condition for allowance. While this response sets forth arguments against certain made by the 

office action, Applicant does not concede to the validity of other allegations not argued in this 

response. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or 

credit any overpayment to Deposit Account No. 50-5658. 

Dated: June 18, 2020 

{DEHE-1806-USPT /01167079v 1} 

Respectfully submitted, 

By: /charles ho/ 
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Charles S. Ho, Reg. No. 51807 

Charles_ ho@barron-young.com 
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DETAILED ACTION 

Notice of Pre-A/A or A/A Status 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. The text of those sections of Title 35, 

U.S. Code not included in this action can be found in a prior Office action. 

Response to Arguments 

1. Applicant's arguments filed June 19, 2020 have been fully considered but they 

are not persuasive. Applicant argues that the claimed separator is not taught by the 

cited prior art. 

2. In response to Applicant's argument that "pores formed by the binder, and the 

pores at least comprises a part of the inorganic particles" is not taught by Nam et al (US 

2019/0355953 A1), hereinafter "Nam," Nam clearly depicts this feature in figure 8. As 

seen in the figure, the pores (see annotated fig. 8, shaded area) are "formed" by the 

gaps between the particles (see annotated fig. 8, items 1 and 2) and the binder (see 

annotated fig. 8, item 3). In other words, the pore has walls defined by the adjacent 

particles and binder. Thus the pore is indeed "formed by the binder" and "comprises a 

part of the inorganic particle." Therefore, Applicant's argument is unpersuasive. 
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Binder 

3. Applicant's argument regarding Shimura et al (US 2019/0123319 A1 ), hereinafter 

"Shimura," is irrelevant as the claim limitation at issue is clearly taught by Nam. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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, Ula Ruddock can be reached on 5712721481. The fax phone number for 
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the organization where this application or proceeding is assigned is 571 -273-8300. 

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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/SCOTT J. CHMIELECKV 
Primary Examiner, Art Unit 1729 
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THE REPLY FILED 19 June 2020 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
NO NOTICE OF APPEAL FILED 
1. ~ The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file 

one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance; 
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with 
37 CFR 1 .114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of 
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a) 0 The period for reply expires months from the mailing date of the final rejection. 

b) ~ The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later. 
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2. 0 The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the Notice 

of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of 
Appeal has been filed, any reply must be filed within the time period set forth in 37CFR 41.37(a). 

AMENDMENTS 
3. ~ The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will Il.Q1 be entered because 

a) 0 They raise new issues that would require further consideration and/or search (see NOTE below); 

b) 0 They raise the issue of new matter (see NOTE below); 

c) ~ They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 
appeal; and/or 

d) 0 They present additional claims without canceling a corresponding number of finally rejected claims. 
NOTE: (See 37CFR 1.116 and 41.33(a)). 

4. 0 The amendments are not in compliance with 37CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. 0 Applicants reply has overcome the following rejection(s): 

6. 0 Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the non-allowable 
claim(s). 

7. ~ For purposes of appeal, the proposed amendment(s):(a)~will not be entered, or (b)Owill be entered, and an explanation of how the 
new or amended claims would be rejected is provided below or appended. 

AFFIDAVIT OR OTHER EVIDENCE 
8. 0 A declaration(s)/affidavit(s) under 37 CFR 1.130{b) was/were filed on __ _ 

9. 0 The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will Il.Q1 be entered because applicant 
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CFR 1.116(e). 

10. 0 The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will Il.Q1 be entered because 
the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good and sufficient 
reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

11. 0 The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 
12. ~ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

See attached. 
13. 0 Note the attached Information Disclosure Statemen~s). (PTO/SB/08) Paper No(s). 
14. 0 Other: -----
STATUS OF CLAIMS 
15. The status of the claim(s) is (or will be) as follows: 

Claim(s) allowed: ___ . 
Claim(s) objected to: . 
Claim(s) rejected:1-1_0 __ --
Claim(s) withdrawn from consideration: ___ . 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 I 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: NINGDE AMPEREX 
TECHNOLOGY LIMITED 

Application No.:16/013,887 

Filing Date: June 20, 2018 

Entitled: SEPARATOR AND ENERGY 
STORAGE DEVICE 

Attorney Docket No.: DEHE-1806-USPT 

RESPONSE TO FINAL OFFICE ACTION MAILED APRIL 20, 2020 

Dear Sir: 

The present paper is being submitted in response to the Final Office Action mailed April 

20, 2020. 

Listing of Claims begins on page 2 of this paper. 

Remarks begin on page 5 of this paper. 

{DEHE-1806-USPT /01167079v 1} 

DO NOT ENTER: /S.J.C./ 

06/23/2020 



Doc code: RCEX PTOISBl30EFS (07-09) 
Doc description: Request for Continued Examination (RCE) Approved tor use through 0713112012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
t6/013,887 I Filing I ~018-06-20 

Docket Number p EHE-1806-USPT I Art I r729 Number Date {if applicable) Unit 

First Named 
Jianjian Yi 

Examiner 
EHMIELECKI, SCOTT J I Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is localed at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

~ Enclosed 

~ Amendment/Reply 

□ Information Disclosure Statement (IDS) 

□ Affidavil(s)/ Declaration(s) 

□ other 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

~ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 
Deposit Account No eo5658 I 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS - Web 2.1.15 



Doc code: RCEX PTOISBl30EFS (07-09) 
Doc description: Request for Continued Examination (RCE) Approved tor use through 0713112012. OMB 0651-0031 

Signature 

Name 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Signature of Registered U.S. Patent Practitioner 

'Gharles ho/ Date (YYYY-MM-DD) ~020-07-20 

Char1es S. Ho Registration Number 51807 

I 
This collection of information is required by 37 CFR 1.114. 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 12 minu1es 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 Trademari< Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 

EFS - Web 2.1.15 



Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information 
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

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

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

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

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

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

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

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

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

EFS - Web 2.1.15 



Electronic Patent Application Fee Transmittal 

Application Number: 16013887 

Filing Date: 20-Jun-2018 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Filer: Charles S. Ho/Ethan Huang 

Attorney Docket Number: DEHE-1806-USPT 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

RCE- 1 ST REQUEST 1801 1 1300 1300 

Total in USO($) 1300 



Electronic Acknowledgement Receipt 

EFSID: 40042055 

Application Number: 16013887 

International Application Number: 

Confirmation Number: 3106 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 129752 

Filer: Charles S. Ho/Ethan Huang 

Filer Authorized By: Charles S. Ho 

Attorney Docket Number: DEHE-1806-USPT 

Receipt Date: 20-JUL-2020 

Filing Date: 20-JUN-2018 

Time Stamp: 05:10:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1300 

RAM confirmation Number E20207J611265231 

Deposit Account 

Authorized User 

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



File Listing: 

Document 
Document Description File Name 

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

697662 

1 
Request for Continued Examination RCE_ Transmittal_DEHE-1806-

no 3 
(RCE) USPT.PDF 

fe 22c1 cd 9 b3bcc66d 70b2fbc8fdf6Sf0ad44t 
9b7 

Warnings: 

Information: 

954293 

2 
Amendment Submitted/Entered with Response_filed_with_RCE_DEH 

8 
Filing of CPA/RCE E-1806-USPT.PDF 

no 
6e04fd9b7b622048f7b714014311 c22f9d3! 

1412 

Warnings: 

Information: 

29962 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
29e1 bdc9a532766ac6776b77b8c1 b27882 

dee956 

Warnings: 

Information: 

Total Files Size (in bytes) 1681917 

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

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



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: NINGDE AMPEREX 
TECHNOLOGY LIMITED 

Application No.:16/013,887 

Filing Date: June 20, 2018 

Entitled: SEPARATOR AND ENERGY 
STORAGE DEVICE 

RESPONSE FILED WITH RCE 

Dear Sir: 

The present paper is being submitted along with RCE. 

Listing of Claims begins on page 2 of this paper. 

Remarks begin on page 5 of this paper. 
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Response for RCE 

Amendments to the Claims: 

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

application: 

1. (Currently Amended) A separator, comprising: 

a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous 

layer comprises inorganic particles and a binder, and a ratio of Dv90 of the inorganic 

particles to the thickness of the porous layer is in a range from 0.3 to 3.0.,_ 

wherein the porous layer has pores formed by the binder, at least a part of the 

inorganic particles are embedded in the pores, and the pores each has an opening 

oriented in the thickness direction of the porous layer. 

2. (Original) The separator according to claim 1, wherein the porous layer has a 

thickness of 0.2 µm to 10 µm. 

3. (Canceled). 

4. (Currently Amended) The separator according to claim [[3]]1, wherein the pores 

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

5. (Original) The separator according to claim 1, wherein a volume ratio of the 

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

6. (Original) The separator according to claim 1, wherein the porous layer has a 

porosity of 20% to 90%. 

7. (Original) The separator according to claim 1, wherein the inorganic particles 

are one or more selected from the group consisting of alumina, silica, magnesia, 

titanium oxide, hafnium dioxide, tin oxide, zirconia, cerium dioxide, nickel oxide, zinc 

oxide, calcium oxide, boehmite, aluminum hydroxide, magnesium hydroxide, calcium 

hydroxide, and barium sulfate. 

{DEHE-1806-USPT /01183986v 1} 2 
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8. (Original) The separator according to claim 1, wherein the binder is one or more 

selected from the group consisting of polyvinylidene fluoride, vinylidene fluoride­

hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic 

acid, polyacrylates, sodium carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl 

ether, polymethyl methacrylate, polytetrafluoroethylene and polyhexafluoropropylene. 

9. (Original) An energy storage device, comprising the separator according to 

claim 1. 

10. (Original) The energy storage device according to claim 9, wherein the energy 

storage device is a lithium-ion battery. 

11. (Withdrawn) A method for preparing a separator, wherein the method 

comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; 

coating the uniform coating solution onto a surface of a porous substrate to form a 

wet film; 

immersing the wet film into a coagulating solution for phase transformation; and 

drying the phase-transformed wet film to obtain the separator. 

12. (Withdrawn) The method according to claim 11, wherein the solid content in 

the coating solution is in a range from 7% to 25%. 

13. (Withdrawn) The method according to claim 11, wherein the coagulating 

solution comprises a second solvent and a third solvent, and the second solvent has a 

mass percentage of 20% to 60%. 

14. (Withdrawn) The method according to claim 11, wherein the first solvent is one 

or more independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide. 

{DEHE-1806-USPT /01183986v 1} 3 
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15. (Withdrawn) The method according to claim 11, wherein the porous substrate 

comprises a polymer film, a multilayer polymer film, or a non-woven fabric formed by 

any one or more of the following polymers: polyethylene, polypropylene, polyethylene 

terephthalate, polyphthaloyl diamine, polybutylene terephthalate, polyester, polyacetal, 

polyamide, polyimide, polyetheretherketone , polyaryletherketone, polyetherimide, 

polyamide imide, polybenzimidazole, polyethersulfone, polyphenylene oxide, 

cycloolefin copolymer, polyphenylene sulfide, and polyethylene naphthalene. 

16. (Withdrawn) The method according to claim 15, wherein the polyethylene is at 

least one selected from the group consisting of high density polyethylene, low density 

polyethylene, and ultrahigh molecular weight polyethylene. 

17. (Withdrawn) The method according to claim 13, wherein the second solvent is 

one or more independently selected from the group consisting of N-methylpyrrolidone, 

dimethylacetamide and dimethylformamide, and the third solvent is one or more 

selected from the group consisting of deionized water, ethanol, propanol, acetone, 

dimethyl carbonate and diethyl carbonate. 

{DEHE-1806-USPT /01183986v 1} 4 



Response for RCE 

Remarks 

Claims 1-10 were previously pending in the present application. By this paper, claim I is 

amended, the amendments are derived from fig. I, without introducing new matter. Applicant 

respectfully requests reconsideration of the pending claims in view of the above amendments and 

the following remarks. 

Reiection Under 35 U.S.C. §103 

Claims 1-10 are rejected under 35 U.S.C. 103 as being unpatentable over Nam et al. 

(US2019/0355953Al, hereafter "Nam"), in view of Shimura et al.(US2019/0123319Al, 

hereafter "Shimura"). 

Applicants respectfully disagrees for the below reasons. 

Amended claim I recites: 

[a] at least a part of the inorganic particles are embedded in the 

pores formed by the binder, and the pores each has an opening 

oriented in the thickness direction of the porous layer. 

Firstly, in the present application, at least a part of the inorganic particles are fully 

embedded in the pores formed by the binder, which can be used to support the skeleton of the 

porous layer, improve the mechanical properties of the porous layer, prevent the porous layer 

from being compressed and blocked during the preparation and circulation of the energy storage 

device, and improve the rate performance and cycle performance of the energy storage device. 

But in Nam, see the para.0054, the binder in the battery separator is used to retain strong 

hydrogen bonding due to the -0/-0H group, see the figure as follows, the triangular shape 

denotes a hydroxyl group or a hydrophilic group, and the circle denotes inorganic particles. 

{DEHE-1806-USPT /01183986v 1} 5 
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Fig.8 ofNam 

Thus, in Nam, the binder is only used to connect and fix the inorganic particles in the 

active layer to each other, and the porous structure is formed by the inorganic particles. 

Thus, in the case where the binder is only used to connect the inorganic particles, it is 

impossible to embed at least a part of the inorganic particles in the pores formed by the 

binder, since it is in conflict with itself. 

Secondly, in the present application, the pores each has an opening oriented in the thickness 

direction of the porous layer. This orientation shortens the transmission distance of lithium ions 

between the positive and negative electrodes, thereby increasing the shuttle rate of lithium ions 

between the positive and negative electrodes, thereby the separator would exhibit high ionic 

conductivity, and the rate performance and cycle performance of the energy storage device are 

greatly improved. 

But in Nam, it is impossible to orient the formed holes in a certain direction when the binder 

is used to connect inorganic particles, as the binder is intended to connecting the inorganic 

particles, not to accommodate, thus the holes in Nam cannot be oriented, even if the holes are 

formed by the binder, which is conflict with its own role. 

{DEHE-1806-USPT /01183986v 1} 6 
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Therefore, Nam fails to disclose or suggest the technical feature "at least a part of the 

inorganic particles are embedded in the pores formed by the binder, and the pores each has an 

opening oriented in the thickness direction of the porous layer" as recited in claim 1. 

In Shimura, the separator comprises: "a base material resin having voids; and an 

inorganic particle having a surface (A) facing the void and a surface (B) in contact with the resin 

(see claim I and para.0018). However, Shimura fails to disclose or teach "at least a part of the 

inorganic particles are embedded in the pores formed by the binder, and the pores each has an 

opening oriented in the thickness direction of the porous layer" as recited in claim 1. 

Thus, it is nonobvious for one with ordinary skill in the art to have the feature "at least a 

part of the inorganic particles are embedded in the pores formed by the binder, and the pores 

each has an opening oriented in the thickness direction of the porous layer" as recited in claim I 

on the basis of Nam and Shimura. 

In summary, applicant respectfully submits that the cited references, either individually or 

in combination, fail to disclose or teach the features "at least a part of the inorganic particles are 

embedded in the pores formed by the binder, and the pores each has an opening oriented in the 

thickness direction of the porous layer" as recited in claim 1. 

Accordingly, for at least the above reason, withdrawal of the rejection of claim I is 

respectfully requested. Claims 2 and 4-8 which depend upon claim I are patentably distinct over 

the cited prior art due to their dependence upon claim I and also due to their own limitations. 

Claim 9 recites an energy storage device, comprising the separator according to claim 1, 

thus also patentable. Similarly Claim I 0, which depend upon claim 9 are patentably distinct over 

the cited prior art due to their dependence upon claim 9 and also due to their own limitations. 

Conclusion: 

For at least the above reasons, the claims currently under consideration are believed to be in 

condition for allowance. While this response sets forth arguments against certain made by the 

office action, Applicant does not concede to the validity of other allegations not argued in this 

response. 

{DEHE-1806-USPT /01183986v 1} 7 
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The Commissioner is hereby authorized to charge any additional fees which may be required, or 

credit any overpayment to Deposit Account No. 50-5658. 

Dated: July 20, 2020 

{DEHE-1806-USPT /01183986v 1} 

Respectfully submitted, 

By: /charles ho/ 
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Charles S. Ho, Reg. No. 51807 

Charles_ ho@barron-young.com 
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Notice of Pre-A/A or A/A Status 

Page 2 

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

under the first inventor to file provisions of the AIA. The text of those sections of Title 35, 

U.S. Code not included in this action can be found in a prior Office action. 

Continued Examination Under 37 CFR 1. 114 

1. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1 .114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on July 20, 

2020 has been entered. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the first paragraph of 35 U.S.C. § 112(a): 

(a) IN GENERAL-The specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor or joint inventor of carrying out the invention. 

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. § 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same, and shall set forth the best mode contemplated by the 
inventor of carrying out his invention. 

3. Claims 1, 2, and 4-10 are rejected under 35 U.S.C. § 112(a) or 35 U.S.C. § 112 

(pre-AIA), first paragraph, as failing to comply with the written description requirement. 

The claims contain subject matter which was not described in the specification in such a 
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way as to reasonably convey to one skilled in the relevant art that the inventor or a joint 

inventor, or for pre-AIA the inventors, at the time the application was filed, had 

possession of the claimed invention. Particularly, claim 1 includes the limitation "the 

pores each has an opening oriented in the thickness direction of the porous layer," 

which lacks textual support in the specification as filed. Likewise, none of the drawings 

appear to show any particular pore "orientation." Therefore the limitation introduces new 

matter. 

4. The following is a quotation of 35 U.S.C. § 112(b): 

(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. § 112 (pre-AIA), second paragraph: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

5. Claims 1, 2, and 4-10 are rejected under 35 U.S.C. § 112(b) or 35 U.S.C. § 112 

(pre-AIA), second paragraph, as being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor, or for pre-AIA 

the applicant regards as the invention. Particularly, claim 1 includes the limitation "the 

pores each has an opening oriented in the thickness direction of the porous layer," 

rendering the claims indefinite. It is unclear how the pore openings must be "oriented" in 

order to meet this claim limitation. For example, a pore opening that is perpendicular to 

the thickness direction is no less "oriented" in the thickness direction than is a pore 

opening that is parallel to the thickness direction. In other words, Applicant has provided 

a frame of reference to determine the desired direction of the pore openings, but has 

failed to provide the desired direction. For the purposes of examination, the limitation 

will be held to require that the pore openings be perpendicular to the thickness direction. 
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6. The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 103 as being 

Page 4 

unpatentable over Nam et al (US 2019/0355953 A 1 ), hereinafter "Nam," in view of 

Shimura et al (US 2019/0123319 A 1 ), hereinafter "Shimura," is maintained as set forth 

below. 

7. Regarding claim 1, Nam teaches a separator comprising: 

a porous substrate, in this case the porous polyolefin substrate (10026); 

a porous layer arranged on a surface of the porous substrate comprising 

inorganic particles and a binder, in this case the organic-inorganic hybrid porous 

coating layer (10026); and 

wherein the porous layer has pores formed by the binder, at least a part of 

the inorganic particles are embedded in the pores, in this case the porous 

structure is formed due to the interstitial volume between the inorganic particles 

and the binder (10027; see annotated fig. 8) which results in at least a part of the 

inorganic particles being "embedded" in the pore (see annotated fig. 8, items 1 & 

2) or wholly "embedded" in the pore (see annotated fig. 8, item 4), and the pores 

each have an opening oriented in the thickness direction, in this case the pores 

open on the surface of the inorganic particles and binder opposite the polyolefin 

separator and are thus "oriented" in the thickness direction (see fig. 8). 

Nam does not teach the ratio of the inorganic particles' Dv90 value to the porous 

layer's thickness. However, Shimura teaches a separator comprising inorganic particles 

and a binder wherein the inorganic particle size may be adjusted to provide appropriate 

Gurley and porosity values (10028). One with ordinary skill in the art would realize that 
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Dv90 is dependent on particle size and adjusting the ratio of the inorganic particles 

Dv90 value to the porous layer's thickness to be 0.3 to 3.0 would ensure that the 

separator possessed the appropriate Gurley and porosity values (see ,r 0028), thereby 

facilitating improved separator performance. Therefore, it would have been obvious to 

have made the Dv90 to thickness ratio to be 0.3 to 3.0 in order to facilitate improved 

separator performance. 

Pore 2 
4 Binder 

8. Regarding claim 2, Nam further teaches that the porous layer's thickness is 0.2 

µm to 10 µm, in this case the coating thickness is 3 µm (,I 0057). 

9. Regarding claim 4, Nam further teaches that the average pore size is 0.3 µm to 

20 µm, in this case 0.5 µm (,I 0057). 

10. Regarding claim 5, Nam does not teach the volume ratio of the inorganic 

particles to that of the binder. However, Shimura teaches that the volume% of the 
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inorganic particles in the binder is 2 vol % to 40 % or less (1 0027), which overlaps with 

the claimed ratio of 0.2 to 3.0. One with ordinary skill in the art would realize that making 

the volume ratio of inorganic particles to binder to be 0.2 to 3.0 would yield a separator 

with the desired heat resistance and short circuit prevention (see 1 0005), thereby 

facilitating improved separator performance and safety. Therefore, it would have been 

obvious to have mad the volume ratio of inorganic particles to binder to be 0.2 to 3.0 in 

order to facilitate improved separator performance and safety. 

11. Regarding claim 6, Nam further teaches that the porous layer's porosity is 20% to 

90%, in this case 45% (10057). 

12. Regarding claim 7, Nam further teaches that the inorganic particles are selected 

from alumina, titanium oxide, zinc oxide, calcium oxide, nickel oxide, and others (1 

0030). 

13. Regarding claim 8, Nam further teaches that the binder is selected from 

polyvinylidene fluoride hexafluoropropylene copolymer, polyacrylonitrile, 

polyvinylpyrrolidone, and others (10028 & 0049). 

14. Regarding claim 9, Nam further teaches an energy storage device comprising the 

separator, in this case a lithium secondary battery (10012 & 0029). 

15. Regarding claim 10, Nam further teaches that the energy storage device is a 

lithium-ion battery, in this case a lithium secondary battery (10012 & 0029). 

Response to Arguments 

16. Applicant's arguments filed July 20, 2020 have been fully considered but they are 

not persuasive. Applicant argues that the claimed structure is not taught by the cited 

prior art. 
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17. In response to Applicant's argument that the pores being formed by the binder is 

not taught by Nam, Nam clearly shows that the binder forms at least a portion of the 

pores (see annotated fig. 8, item 3 & shaded area). Furthermore, Nam clearly shows 

inorganic particles entirely within the pore (see annotated fig. 8, item 4). Thus the pores 

are formed in least in part by the binder and the particles can be considered to be 

"embedded" within the pores. In other words, Applicant's claim language fails to 

distinguish the claimed structure from that taught by Nam. Therefore, Applicant's 

argument is unpersuasive. 

18. In response to Applicant's argument regarding the pore opening orientation, the 

pores open on the surface of the inorganic particles and binder opposite the polyolefin 

separator and are thus "oriented" in the thickness direction (see fig. 8). In other words 

the pore openings are "oriented" orthogonally to the thickness direction. Therefore, 

Applicant's argument is unpersuasive. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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, Ula Ruddock can be reached on 5712721481. The fax phone number for 
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the organization where this application or proceeding is assigned is 571-273-8300. 

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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 
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at+.ached transmittal letter (form PT0/AlAl82A) or identified above. (Note: Complete form PT0/AIAf82C.) 

Please recognize or change the correspondence address for the applicatioh identified in the attached transmittal 
letter or the boxes above to: 

[lJ The address associated with the above-mentioned Customer Nurilbe r 
OR 

□ 
The address.associated with Customer Number; I ............................................................. ~l 
OR · · 

□ 
Firm or 
Individual Name 

Address 

• City -------~---·••1•>••--.. I State_ l ____ I Zip I 
Cotmtry 

Telephone I.Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

Ningde Amperex Technology Limited 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representafa1e of a Deceased or Legally· incapacitated Inventor (title not req ulred below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if appllcant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a.petltion under 37 CFR 1A6[b)(2) was granted in the 
application or is concurrently being filed \'iPfth this document) (grovide signer's title ifapolicant is a juristic entity) 

S ION ATUR E of Ap pHcatit for Patent 

1he undersigned (whose title is supplied,_below) is a~orized to a::ton behalf of the appllcant{e.g., where the applicant is a juristic entity). 

Signature ___ ..J,.:.;, -.:-i I_\.. [ Oate {Optional) ] .January 19, 2020 

Name Liangxln y;~g ,A.£7i7,e,j ""7_... 
Title IP Manager j I 

I NOTE; Signature •This !orm must be signed by the applicani in.acoordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple fom,s. 

[Drotal of forms are submitted. ,, 
This.cc,!tection of information is reg.,lml by 37 CFFI 1.131, 1.32, ar,d 1.33. The ihlomia!ionls rer:;<_irad to.obtain or retain a beneft byihia public wl~th is to file (and by the 
USPTO to p1'ocess) an app!iCalti,m Ccrmderrtiaittyi,go.emed by35 U.S.C. 122 arid 37 CFR 1,11 and 1.14. Ttis coliec:lkm i• estimate_d lo take 3 minutes to c:omplete, 
inciUding gathe,i,-.., preparing, and submitting the oorrrpletecl application lom, _to the USPTO. Time 'MIi va,y dependir,g ilpon thidnd81idual ca,a Any Comments 011 th• amolJnt 
ofti111~ you recr.,ire 10 r.Q111ple<t~Ulis fwnam:i/or suggestions for reducing this burden, should be, SE"rit to the Chief lnforn.itionOffi~"r. U.S. Paterit and Trad~m.~rkOflic.e, U.S. 
Depart merit ol Corrrm..-,.e, P.O. SQX 145o;Al!!Xolndria, VA 2ZJ13•1450. DO NOTS ENOF EES QR COMPLETED FORMS TO THIS ADDRESS. S EJIIDTO: Commiia,il:m~r 
for Pa!enls,P.O, Box 1450, Alexandria, VA 2Zl13,-.145il. 

If you need assistance in. compleling !tie form, call f--8D0-PTO°!}1 gg M'ld iie./ec/ option 2. 

I 

I 

I 



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

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the 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/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16/013,887 

Filing Date 2018-06-20 

First Named Inventor 
Jianjian Yi 

Title SEPARATOR AND ENERGY STORAGE 

Art Unit 1729 

Examiner Name CHMIELECKI, SCOTT J 
Attorney Docket Number 76604-1012 

SIGNATURE of Applicant or Patent Practitioner 

Signature /zhaoyang Ii/ Date (Optional) 

Name Zhaoyang Li Registration 46872 
Number 

Title (if Applicant is a Patent Practitioner 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) Ningde Amperex Technology Limited 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

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 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, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 



[ 

Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AIA/82B (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Appl;cat;on Number I Fmng Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

□ I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

□ The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 

□ 
Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

I 

□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

□ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature I Date (Optional) I 
Name 

Title 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

OTotal 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 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 



[ 

PTO/AIA/82C (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

No more than ten (10) patent practitioners total may be appointed as set forth below by name and registration number. 
This page need not be submitted if appointing the Patent Practitioner(s) associated with a Customer Number (see form 
PTO/AIA/82B): 

Name 
Registration 
Number 

l 



Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in 
connection with your submission of the attached form related to a patent application or patent. 
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general 
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the 
information solicited is voluntary; and (3) the principal purpose for which the information is used 
by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent 
and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the 
patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of 
the Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, 
as amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

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



PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant!Patent Owner: _N_IN_G_D_E_A_M_P_E_R_E_X_T_E_C_H_N_O_L_O_G_Y_L_IM_I_T_E_D ______________ _ 

Application No./Patent No.: _1_6_!0_1_3_,_88_7 ________ _ Filed/Issue Date: June 20, 2018 
---------------

Titled: SEPARATOR AND ENERGY STORAGE DEVICE 

NINGDE AMPEREX TECHNOLOGY LIMITED, a Foreign For Profit 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 046171 , Frame 0539 , or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

2. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). 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 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

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

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/zhaoyang Ii/ 
Signature 

Zhaoyang Li 
Printed or Typed Name 

[Page 2 of 2] 

2020-10-02 
Date 

46872 

Title or Registration Number 



Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

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

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

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

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

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

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

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

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



Electronic Acknowledgement Receipt 

EFSID: 40752646 

Application Number: 16013887 

International Application Number: 

Confirmation Number: 3106 

Title of Invention: SEPARATOR AND ENERGY STORAGE DEVICE 

First Named Inventor/Applicant Name: Jianjian Yi 

Customer Number: 129752 

Filer: Zhaoyang Li 
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New International Agglication Filed with the USPTO as a Receiving Office 
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an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/013,887 

129752 
BYIP LTD. 

FILING OR 3 71 (C) DATE 

06/20/2018 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jianjian Yi DEHE-1806-USPT 
CONFIRMATION NO. 3106 

POWER OF ATTORNEY NOTICE 

5700 Granite Parkway, Suite 200 
Plano, TX 75024 

11111111111111111 lllll ll]~!l]!~l!~IU!~!ll!~H] 11111111111111111111111 

Date Mailed: 10/07/2020 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 10/02/2020. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/dtdinh/ 

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

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

page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/013,887 

155692 

FILING OR 3 71 (C) DATE 

06/20/2018 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: 
NINGDE AMPEREX TECHNOLOGY 
LIMITED 

Serial No.: 16/013,887 

Filing Date: June 20, 2018 

For: SEPARATOR AND ENERGY 
STORAGE DEVICE 

MAIL STOP: Submitted via EFS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Examiner: 
CHMIELECKI. SCOTT J 

Group Art Unit: 1729 

Confirmation No.: 3106 

Customer No.: 155692 

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION 

Dear Examiner: 

In response to the Non-final Office Action mailed August 4, 2020 (hereinafter 

"NFOA"), please consider the amendment to claims and remarks as follows. 

Claims are reflected in the Listing of Claims that begins at page 2. 

Remarks begin on page 5 of this paper. 
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LISTING OF THE CLAIMS 

The following listing of claims will replace all prior versions, and listings, of 

claims in the present application: 

1. (Currently Amended) A separator, comprising: a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous layer 

comprises inorganic particles and a binder, and a ratio ofDv90 of the inorganic particles to the 

thickness of the porous layer is in a range from 0.3 to 3.0, 

wherein the porous layer has pores formed by the binder, at least a part of the inorganic 

particles are embedded in the pores, and the pores each has an opening oriented in the thickness 

direction of the porous layer. 

2. (Original) The separator according to claim 1, wherein the porous layer has a thickness of 0.2 

µm to 10 µm. 

3. (Canceled). 

4. (Previously Presented) The separator according to claim 1, wherein the pores have an 

average pore size of 0.3 µm to 20 µm. 

5. (Original) The separator according to claim 1, wherein a volume ratio of the inorganic 

particles to the binder is in a range from 0.2 to 3.0. 

6. (Original) The separator according to claim 1, wherein the porous layer has a porosity of 20% 

to 90%. 

7. (Original) The separator according to claim 1, wherein the inorganic particles are one or more 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, hafnium dioxide, 

tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium oxide, boehmite, aluminum 

hydroxide, magnesium hydroxide, calcium hydroxide, and barium sulfate. 

8. (Original) The separator according to claim 1, wherein the binder is one or more selected from 

the group consisting of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene 

copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylates, sodium 

carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, 

polytetrafluoroethylene and polyhexafluoropropylene. 
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9. (Original) An energy storage device, comprising the separator according to claim 1. 

10. (Original) The energy storage device according to claim 9, wherein the energy storage device 

is a lithium-ion battery. 

11. (Withdrawn-Currently Amended) A method for preparing [[ a ]]the separator of claim 1, 

wherein the method comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; coating the 

uniform coating solution onto a surface of a porous substrate to form a wet film; 

the coating solution is in a range from 7% to 25%. 

13. (Withdrawn) The method according to claim 11, wherein the coagulating 

solution comprises a second solvent and a third solvent, and the second solvent has a mass 

percentage of 20% to 60%. 

14. (Withdrawn) The method according to claim 11, wherein the first solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

and dimethylformamide. 

15. (Withdrawn) The method according to claim 11, wherein the porous substrate comprises a 

polymer film, a multilayer polymer film, or a non-woven fabric formed by any one or more of 

the following polymers: polyethylene, polypropylene, polyethylene terephthalate, polyphthaloyl 

diamine, polybutylene terephthalate, polyester, polyacetal, polyamide, polyimide, 

polyetheretherketone , polyaryletherketone, polyetherimide, polyamide imide, 

polybenzimidazole, polyethersulfone, polyphenylene oxide, cycloolefin copolymer, 

polyphenylene sulfide, and polyethylene naphthalene. 

16. (Withdrawn) The method according to claim 15, wherein the polyethylene is at least one 

selected from the group consisting of high density polyethylene, low density polyethylene, and 

ultrahigh molecular weight polyethylene. 

17. (Withdrawn) The method according to claim 13, wherein the second solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

3 
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and dimethylformamide, and the third solvent is one or more selected from the group consisting 

of deionized water, ethanol, propanol, acetone, dimethyl carbonate and diethyl carbonate. 

18. (New) The separator according to claim 1, wherein the porous layer has pores formed by the 

binder, at least a part of the inorganic particles are embedded in the pores. 
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REMARKS 

Claims 1-2, and 4-17 are currently pending. Claim 18 is newly added. 

Claim 3 was previously canceled. 

Claims 11-17 were withdrawn. 

Claim 1 is amended to obviate the new matter issue. No new matter is introduced. 

Withdrawn claim 11 is amended to correct a typographic error. 

Applicant respectfully requests reconsideration of the pending claims in view of the above 

amendments and the following remarks. 

Reiection Under 35 U.S.C. §112 

Claims 1, 2 and 4-10 are rejected under 35 U.S.C. l 12(a) or 35 U.S.C. l 12(pre-AIA), first 

paragraph, as failing to comply with the written description requirement. Applicant believes the 

amendment to claim 1 obviates the rejections. 

Claims 1, 2 and 4-10 are rejected under 35 U.S.C. l 12(b) or 35 U.S.C. l 12(pre-AIA), second 

paragraph, as being indefinite. Applicant believes the amendment to claim 1 obviates the rejection. 

Claim Reiections under 35 U.S.C. 103 

Claims 1, 2 and 4-10 are rejected under 35 U.S.C. 103 as allegedly being obvious over 

Nam et al. (US2019/0355953Al, hereinafter "Nam") in view of Shimura et al. 

(US2019/0123319Al, hereinafter "Shimura"). Applicant respectfully traverses the rejections if 

they are applied to claims as amended. 

The claimed invention 

Claim 1, from which claims 2 and 4-10 depend or ultimately depend, defines a separator 

as compnsmg: 

a porous substrate; and 
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a porous layer arranged on a surface of the porous substrate, 

wherein the porous layer comprises inorganic particles and a binder, and a ratio ofDv90 of the 

inorganic particles to the thickness of the porous layer is in a range from 0.3 to 3.0. 

It is important to emphasize that the technical feature, a ratio ofDv90 of the inorganic particles 

to the thickness of the porous layer being in a range from 0.3 to 3.0 is a key feature of claimed 

separator. The As a person of ordinary skill in the art would appreciate, a properly designed and 

effective separator in a lithium-based secondary battery serves as separation of the electrodes, 

and in the meanwhile, as channels for electrolytes, and sometimes, air molecules, to pass 

through. Due to the various procedures and processes in the manufacture process and use -­

charging-recharging -- of the battery, the separator is exposed to various damaging impacts, e.g., 

temperature increase to cause the separator sheet/pores thereof to shrink, and mechanical impact, 

which would cause the pore structure to collapse. 

The key role of this technical feature plays in maintaining the separator pore structure is 

explained in detail at paragraph [0037] of the instant application: 

... By increasing the ratio ofDv90 of the inorganic particles to the thickness of 
the porous layer, the mechanical strength of the porous layer is increased, and the 
porous layer is prevented from undergoing pore blockage due to compression in 
the preparation or cycle process of the energy storage device (such as a lithium­
ion battery), thereby increasing the rate performance of the energy storage device 
(such as a lithium-ion battery). Conversely, the mechanical properties of the 
porous layer may be reduced by reducing the ratio of Dv90 of inorganic particles 
to the thickness of the porous layer, leading to pore blockage of the porous layer 
due to compression in the preparation and cycle processes of the energy storage 
device (such as a lithium-ion battery), and the rate performance of the energy 
storage device (such as a lithium-ion battery) is reduced. In addition, if the ratio of 
the Dv90 of the inorganic particles to the thickness of the porous layer is too high, 
the pore size distribution of the porous layer tends to be non-uniform, resulting in 
a non-uniform surface of the porous layer, which further makes the porous layer 
easy to detach from the surface of the porous substrate and forms defects in the 
energy storage device (such as a lithium-ion battery). Moreover, if the ratio of 
Dv90 of the inorganic particles to the thickness of the porous layer is too high, the 
adhesive force of the porous layer is reduced, affecting the safety performance of 
the energy storage device (such as a lithium-ion battery). If the ratio ofDv90 of 
the inorganic particles to the thickness of the porous layer is too low, the 
inorganic p3 l licles cannot be effectively exposed on the surface of the porous 
layer, which does not facilitate an exchange between the first solvent in the 
coating solution and the third solvent in the coagulating solution in the 
preparation of the porous layer, therefore cannot enhance diffusion, and is not 

6 
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advantageous for the development of the pores. 

Paragraph [0037] of the instant application. The claimed range of the ratio ofDv90 of the 

inorganic particles to the thickness of the porous layer being in a range from 0.3 to 3.0 is 

therefore a key element in maintaining the pore structure of the separator as defined in claim 1 

and thus shall not be ignored. Note, a person of ordinary skill in the art would not be able to 

provide the ratio from the parameter ofDv90 or thickness of the porous layer alone - one would 

need both parameters to provide the ratio. 

Nam and Shimura 

Nam discloses a separator having a porous layer formed from a binder and inorganic 

particles. So does Shimura. Both Nam and Shimura tried to provide a separator having proper 

porosity. Nam and Shimura are not directed to maintaining, or fail to see how to maintain, the 

pore structure on the separator. It is one thing to create a desirable pore structure on a separator, 

but it is quite another to maintain the pore structure. 

The Office acknowledges that Nam fails to disclose a key feature of the instant 

application, that is, to provide a porous layer formed from a binder and inorganic particles where 

the size of the inorganic particles and the thickness of the porous layer can play a key role in 

maintaining the pore structure, that is, a ratio ofDv90 of the inorganic particles to the thickness 

of the porous layer being in a range from 0.3 to 3.0. 

The Office alleges that Shimura would make up the deficiencies of Nam with respect to 

the claimed invention. Applicant respectfully disagrees. Shimura discloses achieving a porosity 

and Curley value (measurement of air permeability) of the separator. However, contrary to the 

Office's assertion, Shimura fails to teach how to maintain the porosity and Curley value of the 

separator as does the claimed invention (see Background section, paragraphs [0035] and [0036], 

and the Examples of the instant application). To be clear, Applicant copies and pastes below 

paragraph [0028] of Shimura below, which reads: 

The particle size of the inorganic particles is not particularly limited. The 
particle size may be adjusted such that separator characteristics, such as Gurley 
value and porosity, become appropriate values. In the first embodi-ment, the 
upper limit of the mode diameter of the inorganic particles (1), the inorganic 
particles (2) and the inorganic particles (3) is preferably 2 µm or less and more 

7 
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preferably 1 µm or less, and the lower limit thereof is preferably 0.1 µm or more 
and more preferably 0.2 µm or more. In the second embodiment, the upper limit 
of the mode diameter of the inorganic particles (2) and the inorganic particles (3) 
is preferably 2 µm or less and more preferably 1 µm or less, and the lower limit 
thereof is preferably 0.1 µm or more and more preferably 0.2 µm or more. In the 
third embodiment, the upper limit of the mode diameter of the inorganic particles 
(3) is preferably 2 µm or less and more preferably 1 µm or less, and the lower 
limit thereof is preferably 0.1 µm or more and more preferably 0.2 µm or more. 
Herein, the mode diameter means the mode value of a particle size distribution. 
50 inorganic particles selected randomly from cross-sectional SEM photographs 
of the separator may be considered as all of the inorganic particles to simplify the 
calculation of the mode diameter of the inorganic particles. Herein, the particle 
size means the distance of the longest line connecting two points on the outer 
circumference of a particle in SEM observation. 

It is clear that Shimura at paragraph [0028] discloses only the diameter of the inorganic particles 

and nothing on the thickness of the porous layer, much less a ratio of the particle size to the 

thickness of the porous layer. 

On a further note, Curley value by definition reflects the overall influences of factors on 

the air permeability of a porous layer, the factors being -

i) ratio of large pores in all the pores of the porous layer; 

ii) pore size of single pore; 

iii) tortuosity of pores in strata of the porous layer, e.g., gas permeability is higher in a 

straight pore, and pore of camber would cause an increase of gas travel resistance to 

cause an increase of time for a unit volume of gas to pass through the pore strata, so 

as to cause the Curley value to increase; and 

iv) distribution of pore shape, e.g., if a pore has a small inlet or a small outlet, gas travel 

through the pore would be delayed, and if a pore on one side of the strata is large and 

another pore on another side of the strata is small, gas travel would be slow as rate of 

gas travel is limited by the smaller pore. 

Therefore, Curley value is mainly about pore sizes and shapes and distributions of pores and not 

much about the thickness of the porous layer. As such, discussion of Curley values and pore 

sizes would not provide any motivation for a person of ordinary skill in the art to adjust the 

thickness of the porous layer and Dv90 value to reach the claimed ratio ofDv90 of the inorganic 

particles to the thickness of the porous layer, much less the ratio in a range from 0.3 to 3.0. 
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To sum, Neither Nam nor Shimura individually or in combination provide any guidance 

to a person having an ordinary skill in the art to modify the structure of Nam to have a ratio of 

Dv90 of the inorganic particles to the thickness of the porous layer in a range from 0.3 to 3.0 to 

achieve the desired results of maintaining the pore structure. Given the complexity of the 

technology and no guidance by the cited prior art references, a person having ordinary skill in the 

art will have to do undue experimentation to reach at the claimed feature of the invention and 

will not be possible without involving inventive skill. Therefore, Applicant respectfully states 

that a person having ordinary will not be motivated to modify Nam even in view of Shimura to 

reach at the invention as claimed in claim 1 of the instant application without applying inventive 

skill. 

Thus, claim 1 is not obvious over Nam even in view of Shimura. 

Applicant respectfully requests the Office to withdraw the rejections. 

Claims 2 and 4-10 and newly added claim 18 depend directly or indirectly on claim 1 

and are patentable at least for the same reasons. 

Claim 5 additionally recites a volume ratio of the inorganic particles to the binder being 

in a range from 0.2 to 3.0. As fully explained at paragraph [00125] of the instant application, 

this feature is another key feature of the claimed invention. To be clear, paragraph [00125] is 

pasted below: 

As can be seen from the comparison among Example 3 and Examples 8-12, 
the volume ratio of inorganic particles to the binder has an effect on the rate 
performance and cycle performance of the lithium-ion battery. An increase of 
the volume ratio is advantageous for an exchange of the third solvent in the 
coagulating solution and the first solvent in the coating solution and the 
increase of the porosity of the porous layer. If the volume ratio of inorganic 
particles to the binder is too low, the porosity of the porous layer is decreased, 
the gas permeability of the separator deteriorates, and the rate performance of 
the lithium-ion battery is not significantly improved, which is not 
advantageous for the improvement of the rate performance and cycle 
performance. If the ratio of the volume ratio of the inorganic particles to the 
binder is too high, the adhesive force of the porous layer is reduced, gaps are 
easily formed between the separator and the electrodes, the hardness of the 
lithium-ion battery is reduced, and thus the rate performance and the cycle 
performance are not significantly improved. 

Paragraph [00125] of the instant application. 
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It is clear that Nam and Shimura both fail to teach this feature. As such, claim 5 not 

only is non-obvious over Nam in view of Shimura for being a dependent claim of claim 1, 

but also is non-obvious over Nam in view of Shimura independently as it recites the volume 

ratio of the inorganic particles to the binder which Nam and Shimura fail to teach. 
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CONCLUSION 

Applicant believes that pending claims are in condition for examination on the merit 

and respectfully request the same. 

Applicants believe that no additional fees are required with this submission. 

However, if Applicants are incorrect, the undersigned authorizes the Commissioner to 

charge any fees that may be required, or credit any overpayment to be made, to the Taylor 

English Duma LLP Deposit Account No. 50-5154. 

Should the Examiner have any questions regarding this communication, the 

Examiner is invited to contact the undersigned at the telephone number shown below. 

Date: November 4, 2020 

1600 Parkwood Cir. STE 200 
Atlanta, Georgia 30339 
Tel: (415) 851-9211 
Fax: (415) 851-8868 
zlirq)taylorenglish.com 
Customer No.: 155692 
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Reg. No. 46,872 
Attorney for Applicants 
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(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

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

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

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

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

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

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

155692 7590 12/18/2020 

Taylor English Duma LLP - Remote 
1600 Parkwood Circle, Suite 200 
Atlanta, GA 30339 

APPLICATION NO. FILING DATE 

16/013,887 06/20/2018 

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

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

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Jianjian Yi 76604-1012 3106 

TITLE OF INVENTION: SEPARATOR AND ENERGY STORAGE DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

CHMIELECKI, SCOTT J 1729 

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

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

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

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

$0.00 $0.00 

CLASS-SUBCLASS 

429-144000 

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

$1200 03/18/2021 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

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

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

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

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

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

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

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

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/013,887 06/20/2018 

155692 7590 12/18/2020 

Taylor English Duma LLP - Remote 
1600 Parkwood Circle, Suite 200 
Atlanta, GA 30339 

FIRST NAMED INVENTOR 

Jianjian Yi 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

76604-1012 3106 

EXAMINER 

CHMIELECKI, SCOTT J 

ART UNIT PAPER NUMBER 

1729 

DA TE MAILED: 12/18/2020 

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

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

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

Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

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



Notice of Allowability 

Application No. 
16/013,887 
Examiner 
SCOTT J CHMIELECKI 

Applicant(s) 
Yi etal. 
Art Unit 
1729 I AIA (FITF) Status 

Yes 

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

1.0 This communication is responsive to Amendment filed 4 November 2020. 

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

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

3.0 The allowed claim(s) is/are 1-2 and 4-18 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

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

Certified copies: 

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

1. 0 Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

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

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

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

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

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

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

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 5. 0 Examiner's Amendment/Comment 

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

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 20201215. 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201215 
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Art Unit: 1729 

DETAILED ACTION 

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

Page 2 

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

under the first inventor to file provisions of the AIA. The text of those sections of Title 35, 

U.S. Code not included in this action can be found in a prior Office action. 

Election/Restrictions 

1. Claims 1, 2, 4-10, and 18 are allowable. The restriction requirement between 

Groups I and II, as set forth in the Office action mailed on November 7, 2019, has been 

reconsidered in view of the allowability of claims to the elected invention pursuant to 

MPEP § 821.04(a). The restriction requirement is hereby withdrawn as to any 

claim that requires all the limitations of an allowable claim. Specifically, the 

restriction requirement of November 7, 2019 is withdrawn. Claims 10-17, directed to a 

method of making a separator, are no longer withdrawn from consideration because the 

claims require all the limitations of an allowable claim. 

In view of the above noted withdrawal of the restriction requirement, applicant is 

advised that if any claim presented in a continuation or divisional application is 

anticipated by, or includes all the limitations of, a claim that is allowable in the present 

application, such claim may be subject to provisional statutory and/or nonstatutory 

double patenting rejections over the claims of the instant application. 

Once a restriction requirement is withdrawn, the provisions of 35 U.S.C. § 121 

are no longer applicable (see In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-

32 (CCPA 1971 ); see also MPEP § 804.01 ). 
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Claim Rejections - 35 USC § 112 

Page 3 

2. The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 112(a) or pre-AIA 35 

U.S.C. § 112, first paragraph, is withdrawn because Applicant amended claim 1. 

3. The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 112(b) or pre-AIA 35 

U.S.C. § 112, second paragraph, is withdrawn because Applicant amended claim 1. 

Claim Rejections - 35 USC § 103 

4. The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 103 as being 

unpatentable over Nam et al (US 2019/0355959 A 1 ), hereinafter "Nam," in view of 

Shimura et al (US 2019/0123319 A 1 ), hereinafter "Shimura," is withdrawn because 

Applicant amended claim 1 and Applicant's argument with respect to the ratio of the 

inorganic particles' Dv90 value to the porous layer's thickness is persuasive. 

EXAMINER'S AMENDMENT 

5. 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. 

6. Authorization for this examiner's amendment was given in an interview with 

Zhaoyang Li on Tuesday December 15, 2020. 

The application has been amended as follows: 

11. (Amended) A method for preparing [[a]]the separator of claim 1, wherein the method 

comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 
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stirring the mixture with the first solvent to obtain a uniform coating solution; 

coating the uniform coating solution onto a surface of a porous substrate to form 

a wet film; 

the coating solution is in a range from 7% to 25%; and 

wherein a ratio of Dv90 of the inorganic particles to the thickness of the porous 

layer is in a range from 0.3 to 3.0. 

Allowable Subject Matter 

7. Claims 1, 2, and 4-18 are allowed. 

8. The following is an examiner's statement of reasons for allowance: no prior art 

reference could be found that fairly teaches or suggests a separator comprising a 

porous layer including inorganic particles wherein the ratio of the Dv90 of the inorganic 

particles to the porous layer's thickness is 0.3 to 3.0. 

Any comments considered necessary by applicant must be submitted no later 

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

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

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SCOTT J CHMIELECKI whose telephone number is 

(571 )270-5591. The examiner can normally be reached on M-F 8:30 am to 5 pm. 

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 



Application/Control Number: 16/013,887 
Art Unit: 1729 

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

Page 5 

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

supervisor, Ula Ruddock can be reached on 5712721481. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 



Application No. Applicant(s) 
16/013,887 Yi etal. 

Examiner-Initiated Interview Summary Examiner Art AIA {First Inventor Page 
SCOTT J Unit to File) Status 

CHMIELECKI 1729 Yes 1 of 1 

SCOTT J CHMIELECKI Primary Examiner Telephonic 
ZHAOYANG LI Attorne 

Date of Interview: 15 December 2020 

Issues Discussed: 

Election/Restriction 

Received Applicant's permission to amend withdrawn claim 11 to include the allowable subject matter of 
claim 1 in order to place the application in condition for allowance. 

/SCOTT J. CHMIELECKI/ 
Primary Examiner, Art Unit 1729 I 
Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated 
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04 
Please further see: 
MPEP 713.04 
Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b) 
37 CFR § 1 .2 Business to be transacted in writing 

Applicant recordation instructions:lt 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. 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20201215 
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16/013,887 Reexamination 

Notice of References Cited 
Yi etal. 

Examiner Art Unit 
SCOTT J CHMIELECKI 1729 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

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

* A U S-20190355953-A 1 11-2019 NAM; Kwan Woo H01M2/1686 1 /1 

* B US-20180123107-A 1 05-2018 Yu; Sung-Hoon H01 M4/505 1 /1 
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* D US-20190123319-A 1 04-2019 SHIMURA; Kenichi H01M2/1646 1 /1 
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*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20201215 
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Confirmation No.: 3106 

Customer No.: 155692 

SUBMISSION UNDER 37 CFR 1.132 

Dear Examiner: 

This submission responds to the Notice of Allowance mailed on December 18, 

2020 and the telephonic conversation on January 15, 2021, initiated by the Office. 

Please consider the amendment to claims and remarks as follows. 

Claims are reflected in the Listing of Claims that begins at page 2. 

Remarks begin on page 5 of this paper. 
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LISTING OF THE CLAIMS 

The following listing of claims will replace all prior versions, and listings, of 

claims in the present application: 

1. (Currently Amended) A separator, comprising: a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous layer 

comprises inorganic particles and a binder, and a ratio ofDv90 of the inorganic particles to the 

thickness of the porous layer is in a range from 0.3 to 3.0. 

2. (Original) The separator according to claim 1, wherein the porous layer has a thickness of 0.2 

µm to 10 µm. 

3. (Canceled). 

4. (Previously Presented) The separator according to claim 1, wherein the pores have an 

average pore size of 0.3 µm to 20 µm. 

5. (Original) The separator according to claim 1, wherein a volume ratio of the inorganic 

particles to the binder is in a range from 0.2 to 3.0. 

6. (Original) The separator according to claim 1, wherein the porous layer has a porosity of 20% 

to 90%. 

7. (Original) The separator according to claim 1, wherein the inorganic particles are one or more 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, hafnium dioxide, 

tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium oxide, boehmite, aluminum 

hydroxide, magnesium hydroxide, calcium hydroxide, and barium sulfate. 

8. (Original) The separator according to claim 1, wherein the binder is one or more selected from 

the group consisting of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene 

copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylates, sodium 

carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, 

polytetrafluoroethylene and polyhexafluoropropylene. 

9. (Original) An energy storage device, comprising the separator according to claim 1. 

10. (Original) The energy storage device according to claim 9, wherein the energy storage device 

2 
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is a lithium-ion battery. 

11. (Withdrawn-Previously presented) A method for preparing the separator of claim 1, wherein 

the method comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; coating the 

uniform coating solution onto a surface of a porous substrate to form a wet film; 

the coating solution is in a range from 7% to 25%; and 

wherein a ratio ofDv90 of the inorganic particles to the thickness of the porous layer is in a 

range from 0.3 to 3.0. 

12. (Withdrawn) The method according to claim 11, wherein the solid content in the coating 

solution is in a range from 7% to 25%. 

13. (Withdrawn) The method according to claim 11, wherein the coagulating 

solution comprises a second solvent and a third solvent, and the second solvent has a mass 

percentage of 20% to 60%. 

14. (Withdrawn) The method according to claim 11, wherein the first solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

and dimethylformamide. 

15. (Withdrawn) The method according to claim 11, wherein the porous substrate comprises a 

polymer film, a multilayer polymer film, or a non-woven fabric formed by any one or more of 

the following polymers: polyethylene, polypropylene, polyethylene terephthalate, polyphthaloyl 

diamine, polybutylene terephthalate, polyester, polyacetal, polyamide, polyimide, 

polyetheretherketone , polyaryletherketone, polyetherimide, polyamide imide, 

polybenzimidazole, polyethersulfone, polyphenylene oxide, cycloolefin copolymer, 

polyphenylene sulfide, and polyethylene naphthalene. 

16. (Withdrawn) The method according to claim 15, wherein the polyethylene is at least one 

selected from the group consisting of high density polyethylene, low density polyethylene, and 

ultrahigh molecular weight polyethylene. 

3 
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17. (Withdrawn) The method according to claim 13, wherein the second solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

and dimethylformamide, and the third solvent is one or more selected from the group consisting 

of deionized water, ethanol, propanol, acetone, dimethyl carbonate and diethyl carbonate. 

18. (Previously presented) The separator according to claim 1, wherein the porous layer has 

pores formed by the binder, at least a part of the inorganic particles are embedded in the pores. 

4 
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REMARKS 

Claims 1-2, and 4-18 are currently pending. 

Withdrawn claims 11-17 were previously rejoined. 

Claims 1-2, 4-10 and 18 are allowed. 

Application No. 16/013,887 

This paper is submitted to provide the listing of claim 12, which was missing from 

the listing of claims in the previous submission. 

Applicant gratefully appreciates the Examiner's guidance. 

5 
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CONCLUSION 

All claims are allowed. Applicants believe that no additional fees are required with 

this submission. However, if Applicants are incorrect, the undersigned authorizes the 

Commissioner to charge any fees that may be required, or credit any overpayment to be 

made, to the Taylor English Duma LLP Deposit Account No. 50-5154. 

Should the Examiner have any questions regarding this communication, the 

Examiner is invited to contact the undersigned at the telephone number shown below. 

Date: January 16, 2021 

1600 Parkwood Cir. STE 200 
Atlanta, Georgia 30339 
Tel: (415) 851-9211 
Fax: (415) 851-8868 
zli@.tay1oreng1ish.com 
CustomerNo.: 155692 

6 

Respectfully submitted 

Taylor English Duma LLP 

By: /zhaoyang li/ 
Zhaoyang Li, Ph.D. 
Reg. No. 46,872 
Attorney for Applicants 
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Application/Control Number: 16/013,887 
Art Unit: 1729 

DETAILED ACTION 

Response to Arguments 

Page 2 

This communication is in responsive to the Response filed 01-16-2021. Claims 1-2 and 4-

18 are currently pending. 

Election/Restrictions 

Claims 1, 2, 4-10, and 18 are allowable. The restriction requirement between Groups I 

and II, as set forth in the Office action mailed on November7, 2019, has been reconsidered in 

view of the allowability of claims to the elected invention pursuant to MPEP § 821.04(a). The 

restriction requirement is hereby withdrawn as to any claim that requires all the limitations 

of an allowable claim. Specifically, the restriction requirement of November7, 2019 is 

withdrawn. Claims 11-17, directed to a method of making a separator, are no longerwithdrawn 

from consideration because the claims re qui re all the Ii mitations of an allowable claim. 

In view of the above noted withdrawal of the restriction requirement, applicant is 

advised that if any claim presented in a continuation or divisional application is anticipated by, 

or includes all the limitations of, a claim that is allowable in the present application, such claim 

may be subject to provisional statutory and/or nonstatutory double patenting rejections over 

the claims of the instant application. 

Once a restriction requirement is withdrawn, the provisionsof35 U.S.C. § 121 are no 

longerapplicable (see In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-32 (CCPA 1971); 

see also MPEP § 804.01). 
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Art Unit: 1729 

Claim Rejections - 35 USC§ 112 

Page 3 

The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 112(a) or pre-AIA 35 U.S.C. § 

112, first paragraph, is withdrawn because Applicant amended claim 1. 

The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 112(b) or pre-AIA 35 U.S.C. § 

112, second paragraph, is withdrawn because Applicant amended claim 1. 

Claim Rejections - 35 USC§ 103 

The rejection of claims 1, 2, and 4-10 under 35 U.S.C. § 103 as being unpatentable over 

Nam et al (US 2019/0355959 Al), hereinafter"Nam," in view of Shimura et al (US 

2019/0123319 Al), hereinafter"Shi mura," is withdrawn because Applicant amended claim 1 

and Applicant's argument with respect to the ratio of the inorganic particles' Dv90 value to the 

porous layer's thickness is persuasive. 

EXAMINER'S AMENDMENT 

An examiner'samendmentto 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 late rthan the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in an interview with Zhaoyang 

Li on Tuesday December 15, 2020. 

The application has been amended as fol lows: 

11. (Amended) A method for preparing [[a]]the separator of claim 1, wherein the method 
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Page 4 

comprises steps of: 

mixing inorganic particles with a binderto generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; coating 

the uniform coating solution onto a surface of a porous substrate to form a wet film; 

the coating solution is in a range from 7% to 25%; and 

wherein a ratio of Dv90 of the inorganic particles to the thickness of the porous layer is 

in a range from 0.3 to 3.0. 

Allowable Subject Matter 

Claims 1, 2, and 4-18 are allowed. 

The fol lowing is an examiner's statement ofreasons for allowance: no prior art 

reference could be found that fairly teaches or suggests a separator comprising a porous layer 

including inorganic particles wherein the ratio of the Dv90 of the inorganic particles to the 

porous layer's thickness is 0.3 to 3.0. 

Any comments considered necessary by applicant must be submitted no later than the 

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

issue fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 
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Conclusion 

Any i nquiryconcerning this communication or earliercommunications from the 

Page 5 

examinershould be directed to OSEI K AMPONSAH whose telephone numberis (571)270-3446. 

The examinercan normally be reached on Monday - Friday, 8:00 am - 5:00 pm EST. 

Examineri nterviews 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/i nterviewpractice. 

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

supervisor, Ula C Ruddock can be reached on (571)272-1481. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

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 https://ppair-my.uspto.gov/pair/PrivatePai r. Should you have questions on access 

to the Private PAIR system, contact the Electronic BusinessCenter(EBC) at 866-217-9197 (toll-

free). If you would like assistance from a US PTO Customer Service Representative or access to 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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OK TO ENTER: /O.K.A/ 

Attorney Docket No.: 76604-1012 
01/16/2021 

Application No. 16/013,887 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: 
NINGDE AMPEREX TECHNOLOGY 
LIMITED 

Serial No.: 16/013,887 

Filing Date: June 20, 2018 

For: SEPARATOR AND ENERGY 
STORAGE DEVICE 

MAIL STOP: Submitted via EFS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Examiner: 
CHMIELECKI. SCOTT J 

Group Art Unit: 1729 

Confirmation No.: 3106 

Customer No.: 155692 

SUBMISSION UNDER 37 CFR 1.132 

Dear Examiner: 

This submission responds to the Notice of Allowance mailed on December 18, 

2020 and the telephonic conversation on January 15, 2021, initiated by the Office. 

Please consider the amendment to claims and remarks as follows. 

Claims are reflected in the Listing of Claims that begins at page 2. 

Remarks begin on page 5 of this paper. 
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LISTING OF THE CLAIMS 

The following listing of claims will replace all prior versions, and listings, of 

claims in the present application: 

1. (Currently Amended) A separator, comprising: a porous substrate; and 

a porous layer arranged on a surface of the porous substrate, wherein the porous layer 

comprises inorganic particles and a binder, and a ratio ofDv90 of the inorganic particles to the 

thickness of the porous layer is in a range from 0.3 to 3.0. 

2. (Original) The separator according to claim 1, wherein the porous layer has a thickness of 0.2 

µm to 10 µm. 

3. (Canceled). 

4. (Previously Presented) The separator according to claim 1, wherein the pores have an 

average pore size of 0.3 µm to 20 µm. 

5. (Original) The separator according to claim 1, wherein a volume ratio of the inorganic 

particles to the binder is in a range from 0.2 to 3.0. 

6. (Original) The separator according to claim 1, wherein the porous layer has a porosity of 20% 

to 90%. 

7. (Original) The separator according to claim 1, wherein the inorganic particles are one or more 

selected from the group consisting of alumina, silica, magnesia, titanium oxide, hafnium dioxide, 

tin oxide, zirconia, cerium dioxide, nickel oxide, zinc oxide, calcium oxide, boehmite, aluminum 

hydroxide, magnesium hydroxide, calcium hydroxide, and barium sulfate. 

8. (Original) The separator according to claim 1, wherein the binder is one or more selected from 

the group consisting of polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene 

copolymer, polyamide, polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylates, sodium 

carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl ether, polymethyl methacrylate, 

polytetrafluoroethylene and polyhexafluoropropylene. 

9. (Original) An energy storage device, comprising the separator according to claim 1. 

10. (Original) The energy storage device according to claim 9, wherein the energy storage device 

2 
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is a lithium-ion battery. 

11. (Withdrawn-Previously presented) A method for preparing the separator of claim 1, wherein 

the method comprises steps of: 

mixing inorganic particles with a binder to generate a mixture; 

adding a first solvent into the mixture; 

stirring the mixture with the first solvent to obtain a uniform coating solution; coating the 

uniform coating solution onto a surface of a porous substrate to form a wet film; 

the coating solution is in a range from 7% to 25%; and 

wherein a ratio ofDv90 of the inorganic particles to the thickness of the porous layer is in a 

range from 0.3 to 3.0. 

12. (Withdrawn) The method according to claim 11, wherein the solid content in the coating 

solution is in a range from 7% to 25%. 

13. (Withdrawn) The method according to claim 11, wherein the coagulating 

solution comprises a second solvent and a third solvent, and the second solvent has a mass 

percentage of 20% to 60%. 

14. (Withdrawn) The method according to claim 11, wherein the first solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

and dimethylformamide. 

15. (Withdrawn) The method according to claim 11, wherein the porous substrate comprises a 

polymer film, a multilayer polymer film, or a non-woven fabric formed by any one or more of 

the following polymers: polyethylene, polypropylene, polyethylene terephthalate, polyphthaloyl 

diamine, polybutylene terephthalate, polyester, polyacetal, polyamide, polyimide, 

polyetheretherketone , polyaryletherketone, polyetherimide, polyamide imide, 

polybenzimidazole, polyethersulfone, polyphenylene oxide, cycloolefin copolymer, 

polyphenylene sulfide, and polyethylene naphthalene. 

16. (Withdrawn) The method according to claim 15, wherein the polyethylene is at least one 

selected from the group consisting of high density polyethylene, low density polyethylene, and 

ultrahigh molecular weight polyethylene. 
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17. (Withdrawn) The method according to claim 13, wherein the second solvent is one or more 

independently selected from the group consisting ofN-methylpyrrolidone, dimethylacetamide 

and dimethylformamide, and the third solvent is one or more selected from the group consisting 

of deionized water, ethanol, propanol, acetone, dimethyl carbonate and diethyl carbonate. 

18. (Previously presented) The separator according to claim 1, wherein the porous layer has 

pores formed by the binder, at least a part of the inorganic particles are embedded in the pores. 

4 
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REMARKS 

Claims 1-2, and 4-18 are currently pending. 

Withdrawn claims 11-17 were previously rejoined. 

Claims 1-2, 4-10 and 18 are allowed. 

Application No. 16/013,887 

This paper is submitted to provide the listing of claim 12, which was missing from 

the listing of claims in the previous submission. 

Applicant gratefully appreciates the Examiner's guidance. 
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CONCLUSION 

All claims are allowed. Applicants believe that no additional fees are required with 

this submission. However, if Applicants are incorrect, the undersigned authorizes the 

Commissioner to charge any fees that may be required, or credit any overpayment to be 

made, to the Taylor English Duma LLP Deposit Account No. 50-5154. 

Should the Examiner have any questions regarding this communication, the 

Examiner is invited to contact the undersigned at the telephone number shown below. 

Date: January 16, 2021 

1600 Parkwood Cir. STE 200 
Atlanta, Georgia 30339 
Tel: (415) 851-9211 
Fax: (415) 851-8868 
zli@.tay1oreng1ish.com 
CustomerNo.: 155692 
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Respectfully submitted 

Taylor English Duma LLP 

By: /zhaoyang li/ 
Zhaoyang Li, Ph.D. 
Reg. No. 46,872 
Attorney for Applicants 
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