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TRANSMITTAL LETTER TO THE UNITED STATES ATTORNEY’S gg%fg};mﬁ*‘
DESIGNATED/ELECTED OFFICE (DO/EO/US) U.S. APPLICATION NO. (i known, see 37 GFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 NEW
INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE  |PRIORITY DATE CLAIMED
PCT/JP2008/067757 30 September 2008 3 October 2007

TITLE OF INVENTION
BATTERY SEPARATOR AND NONAQUEOUS ELECTROLYTE BATTERY

APPLICANT(S) FOR DO/EO/US
Hideaki KATAYAMA; Mitsuhiro KISHIMI; Yoshinori SATO; Yasutaka KUROKI and Toshiyuki EDAMOTO

Applicant herewith submits to the United States Designated/Elected Office (DO/EQ/US) the following items and other information:
1. This is a FIRST submission of items concerning a submission under 35 U.S.C. 371.
Z‘I:l This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371.

3. This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must
include items (5), (6), (9) and (21) indicated below.

4.|:| The US has been elected (Article 31).
S.EI A copy of the International Application as filed (35 U.S.C. 371 (c)(2))
a. is attached hereto (required only if not communicated by the International Bureau).
b.I:I has been communicated by the International Bureau.
c.|:| is not required, as the application was filed in the United States Receiving Office (RO/US).
6. An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)).
a. is attached hereto.
b.l:l has been previously submitted under 35 U.S.C. 154(d)(4).
7. Amendments to the claims of the Intermnational Application under PCT Article 19 (35 U.S.C. 371(c)(3))
a.l:l are attached hereto (required only if not communicated by the Intemational Bureau).
b.l:l have been communicated by the Intemational Bureau.
c.|:] have not been made; however, the time limit for making such amendments has NOT expired.
d. have not been made and will not be made.
B.I:I An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).
9. An oath or declaration of the inventor(s)r(35 U.S.C. 371(c)(4)).

10_|:| An English language translation of the annexes of the International Preliminary Examination Report under PCT
Article 36 (35 U.S.C. 371(c)(5)).

Items 11 to 20 below concern document(s) or information included:
11.[ x | An Information Disclosure Statement under 37 CFR 1.97 and 1.98.
12.|:| An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
13. A preliminary amendment.
14.! An Application Data Sheet under 37 CFR 1.76.
15.|:| A substitute specification.
16.|:| A power of attomey and/or change of address letter.
‘|7.|:| A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.2 and 37 CFR 1.821 — 1.825.
18.|:| A second copy of the published International Application under 35 U.S.C. 154(d)(4).
19.|:| A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4).
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PTO-1390 (Rev. 09-08)
Approved for use through 2/28/2010. OMB 0651-0021

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 OMB control number.

U.S. APPLICATION NO. (if known, see 37 CFR 1.5)
NEW

INTERNATIONAL APPLICATION NO.
PCT/JP2008/067757

ATTORNEY'S DOCKET NUMBER

5271-0195PUS1

20. Other items or information: ~ PCT/IB/304; PCT/IB/308 (1st Notice); PCT/ISA/210

Drawings (2 sheets)

The following fees have been submitted CALCULATIONS PTO USE ONLY
21.[x] Basic national fee (37 CFR 1.492(a))... $ 330.00
22. Examination fee (37 CFR 1.492(c))

If the written opinion prepared by ISA/US or the international preliminary examination report prepared
by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4) $ 220.00
All other situations
23[ x| Search fee (37 CFR 1.492(b))
If the written opinion of the ISA/US or the international preliminary examination report prepared by
IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4) .... .
Search fee (37 CFR 1.445(a)(2)) has been paid on the intemational application to the as an
Intemational Searching Authority. $100 $ 430.00
Intemational Search Report prepared by an ISA otherthan the US and provided to the Office or
previously communicated to the US by the [B.......c...cooiiirniieceececcrreeeceae s $430
All other situations $540
TOTAL OF 21,22 and 23 = 980.00
Additional fee for specification and drawings filed in paper over 100 sheets (excluding
sequence listing in compliance with 37 CFR 1.821(c) or (e) or in an electronic medium or
computer program listing in an electronic medium) (37 CFR 1.492())).
The fee is $270 for each additional 50 sheets of paper or fraction thereof.
Total Sheets Extra Sheets Number of each additional 50 or fraction RATE
thereof (round up to a whole number)
33 -100= 150 = x $270 $
Surcharge of $130 for fumnishing any of the search fee, examination fee, or the oath or declaration $
after the date of commencement of the national stage (37 CFR 1.492(h)).
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 20-20= 0 x  $52 0.00
Independent claims 2-3= 0 x $220 0.00
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $390
TOTAL OF ABOVE CALCULATIONS = § 980.00
Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by %.
SUBTOTAL=| § 980.00
Processing fee of $130.00 for fumishing the English translation later than 30 months from the earliest $
claimed priority date (37 CFR 1.492(i)). +
TOTAL NATIONAL FEE=| § 980.00
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompamed $
by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property
$
TOTAL FEES ENCLOSED = | $ 980.00
Amount to be $
refunded:
Amount to be
charged $ 980.00
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a.|:| A check in the amount of § to cover the above fees is enclosed.
b. Please charge my Deposit AccountNo. _ 02-2448  inthe amount of $ 980.00 to cover the above fees.

C. The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit
Account No. 02-2448 .

d. |:| Fees are to be charged to a credit card. WARNING: Information on this form may become pubilic. Credit card information should
not be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please
be advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To
protect your information, it is recommended paying fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

e

SEND ALL CORRESPONDENCE TO:

SIENATURE
John W. Bailey
NAME
CUSTOMER NUMBER: 02292
February 17, 2010 32,881
/sym REGISTRATION NUMBER
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Docket No.: 5271-0195PUS1

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Hideaki KATAYAMA et al.
International Application No.: PCT/JP2008/067757
Application No.: NEW Art Unit: N/A
Filed: February 17, 2010 Examiner: Not Yet Assigned

For: BATTERY SEPARATOR AND
NONAQUEOUS ELECTROLYTE BATTERY

PRELIMINARY AMENDMENT

MS PCT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
INTRODUCTORY COMMENTS

The following preliminary amendments and remarks are respectfully submitted in
connection with the above-identified application.

This amendment includes:

Amendments to the Specification begin on page 2 of this paper,

Remarks/Arguments begin on page 3 of this paper.

Birch, Stewart, Kolasch & Birch, LLP JWB/sym
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Application No.: NEW Docket No.: 5271-0195PUS1

AMENDMENTS TO THE SPECIFICATION

IN THE SPECIFICATION:

Page 25
Please amend paragraph [0101] as follows:
[0101] [Measurement of shutdown temperature]

The separator used in each of the nonaqueous electrolyte batteries of Examples 1
to 4 and Comparative Examples 1 to 2 was placed in a thermostatic bath and heated by raising
the temperature from 100°C in 5°C increments for 10 minutes, and subsequently the Gurley value
was measured. Next, changes in the Gurley value before and after the heating of the separator in
the thermostatic bath were determined, and a temperature at which the Gurley value was at least
ten times larger than that before heating was defined as the shutdown temperature. The Gurley
value was obtained by a method according to JIS P 8117 and expressed as the length of time
(seconds) it took for 100 ml air to pass through a membrane at a pressure of G%—g%&gw
g/mm’.

2 JWB/sym
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Application No.: NEW Docket No.: 5271-0195PUS1

REMARKS

The specification has been amended to correct a minor typographical error.
Conclusion

Entry of the above amendments is earnestly solicited. An early and favorable first action

on the merits is earnestly solicited.

application, the Examiner is respectfully requested to contact John W. Bailey (Reg. No. 32,881)
at the telephone number of the undersigned below, to conduct an interview in an effort to

expedite prosecution in connection with the present application.

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional
fees required under 37.C.F.R. §§1.16 or 1.17; particularly, extension of time fees.

Dated: February 17,2010 Respgcttully submitted,

By /L /Z_J

John W._ Bailey

Registpation No.: 32,881

BIRZH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road

Suite 100 East

P.O. Box 747

Falls Church, Virginia 22040-0747

(703) 205-8000

Attorney for Applicant

3 JWB/sym
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PATENT COOPERATION TREATY

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative Instructions. Section 411)

PCT/JP2008/067757

From the INTERNATIONAL BUREAU

To:

IKEUCHI SATO & PARTNER PATENT
ATTORNEYS

26th Floor, OAP TOWER, 8-30, Tenmabashi
1-chome, Kita-ku, Osaka-shi, Osaka
5306026

JAPON

Date of mailing (daymonth:year)

12 December 2008 (12.12.2008)

Applicant's or agent'’s [ile reference

H3293-01

INMPORTANT NOTIFICATION

International application No.

PCT/JP2008/067757

International filing date (dayvmonth ‘vear)

30 September 2008 (30.09.2008)

Iniemational publication dale (day-month:year)

Priority date (day-month:year)

Not yet published

03 October 2007 (03.10.2007)

Applicant
HITACHI MAXELL, LTD. et al

1. By means of this Form, which replaccs any previously issued notification concerning submission or transmittal of priority
documents, {he applicant is hereby notitied of the date of receipt by the International Bureau of the priority documeni(s) relating to
all earlier application(s) whose priorily is claimed. Unless otherwise indicaled by the letters “NR", in the right-hand column or by an
asterisk appearing next 1o a date of receipt, the priority document concerned was submitted or transmitted to the International Bureau
in compliance with Rule 17.1(a) or (b).

2. (If appl;cable) The letters “NR" appe'irmu in the right-hand columm denote a priority document which, on the date of mailing of

this Form, had not yet been received by the International Bureau under Rule 17. 1(a) or (b). Where, under Rule 17.1(a), the

priority document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to

submit the priority document within the applicable time-limit under that Rule, the attention of the applicant is directed to Rule

17.1(c) which provides that no designated Office may disregard the priority claim concemed before giving the applicant an

opportunily, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

3. (If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand colunm, denotes a priority document submitted
or transmitted to the International Burean but not in compliance with Rule 17.1(a) or (b) (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
compliance with Rule 17.1(a) or (b}, the International Bureau will nevertheless transmit a copy of the document to the designated
Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

Prioritv date E_\jngh_! application No Comntry or regional Oftice Date of receint
or PCT receiving Office of priority docinment
03 October 2007 {(03.10.2007) 2007-259575 JP 27 November 2008 (27.11.2008)

21 February 2008 (21.02.2008) 2008-038527 JP 27 November 2008 (27.11.2008)

The Intemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer

Masashi Honda '{i

e-mail PTO8.PCT@WIPO.INT
Facsmmile No. +41 22 338 82 70 Telephone No. +41 22 338 74 08

Form PCT/IB/304 (October 2005)

1/DVOCWVTRO
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PATENT COOPERATION TREATY WO 2009/044741

PCT/JP2008/067757
From the INTERNATIONAL BUREAU
DLIm To:
rei :
FIRST NOTICE INFORMING THE APPLICANT OF
THE COMMUNICATION OF THE INTERNATIONAL IKEUGHI SATO & PARTNER PATENT ATTORNEYS
APPLICATION (TO DESIGNATED OFFICES WHICH 2§th Floor, OAP T_OWEE, 8-30, Tenmabashi 1-chome,
DO NOT APPLY THE 30 MONTH TIME LIMIT Kitaku, Osaka-shi, Osaka
UNDER ARTICLE 22(1)) JAPON
(PCT Rule 47.1(c))
Date of mailing (day/month/year)
07 May 2009 (07.05.2009)
Applicant's or agent's file reference
H3293-01 IMPORTANT NOTICE
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/JP2008/067757 30 September 2008 (30.09.2008) 03 October 2007 (03.10.2007)

Applicant .
HITACHI MAXELL, LTD. et al

1. ATTENTION: For any designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002 (30 months from
the priority date), does apply, please see Form PCT/IB/308(Second and Supplementary Notice) (to be issued promptly after the expiration
of 28 months from the priority date).

2. Notice is hereby given that the following designated Office(s), for which the time limit under Article 22(1), as in force from 1 April 2002,
dees not apply, has/have requested that the communication of the international application, as provided for in Article 20, be effected under
Rule 93bis.1. The International Bureau has effected that communication on the date indicated below:

09 April 2009 (09.04.2009)

None

In accordance with Rule 47.1(c-bis)(i), those Offices will accept the present notice as conclusive evidence that the communication of the
international application has duly taken place on the date of mailing indicated above and no copy of the international application is required
to be furnished by the applicant to the designated Office(s).

3. The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does not apply, have not
requested, as at the time of mailing of the present notice, that the conmunication of the international application be effected under Rule
93bis.1 :

LU, TZ, UG

In accordance with Rule 47.1(c-bis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which
that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of a copy of the international
application.

4. TIME LIMITS for eniry into the national phase

For the designated Office(s) listed above, and unless a demand for international preliminary examination has been filed before the
expiration of 19 menths from the priority date (see Article 39(1)), the applicable time limit for entering the national phase will, subject to
what is said in the following paragraph, be 20 MONTHS from the priority date.

In practice, time limits other than the 20-month time limit will continue to apply, for various periods of time, in respect of certain of the
designated Offices listed above. For regular updates on the applicable time limits (20 or 21 months, or other time limit), Office by
Office, refer to the PCT Gazette, the PCT Newsletter and the PCT Applicant’s Guide, Volume II, National Chapters, all available from
WIPO’s Internet site, at htip://www.wipo.int/pct/en/index.html.

It is the applicant's sole responsibility to monitor all these time limits.

A
Pk

- ST,
The International Bureau of WIPO Authorized officer % [

34, chemin des Colombettes : : T
1211 Geneva 20, Switzerland Masashi Honda ‘ D 9: 5; 1 g

\EA-ERED
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Docket No.: 5271-0195PUS1
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Hideaki KATAYAMA et al.

Application No.: NEW Confirmation No.: Not Yet Assigned
Filed: February 17, 2010 Art Unit: N/A

For: BATTERY SEPARATOR AND Examiner: Not Yet Assigned

NONAQUEOUS ELECTROLYTE BATTERY

INFORMATION DISCLOSURE STATEMENT

MS PCT

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L. LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION

The patents, publications, or other information submitted for consideration by the Office

are listed on the PTO-SBO0S.

IL. COPIES

e a. Copies of foreign patent documents, non-patent literature and other information.

] o REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any
information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:
U.S. Application No. and U.S. Filing Date

Birch, Stewart, Kolasch & Birch, LLP JWB/sym
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Application No.: NEW Docket No.: 5271-0195PUS1

1.  CONCISE EXPLANATION OF THE RELEVANCE
X a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as
follows: A summary/abstract or full machine translation of the non-English language references

is enclosed.

< b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent

Office communication that indicates the degree of relevance is attached.

X C. OTHER: The following additional information is provided.
JP-2004-303474-A corresponds to US Patent Publication No. 2004/0191611-A1.
WO-2007/066768-A1 corresponds to US Patent Publication No. 2007/0264577-A1.
JP-2007-273123-A corresponds to US Patent Publication No. 2007/0231700-A1.
JP-2007-157723-A corresponds to US Patent Publication No. 2007/0264577-A1.
WO-00/79618-A1 corresponds to US Patent Publication No. 2001/0005560-A1.

Some of the references can also be found cited in the specification.

IV. STATEMENT UNDER 37 C.F.R. § 1.97(e)

The undersigned hereby states that:

] a. Each item of information contained in the IDS was first cited in any
communication from a foreign patent office in a counterpart foreign application not more than 30
days prior to the filing of this IDS. This statement does not relate to English language

2 JWB/sym
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Application No.: NEW Docket No.: 5271-0195PUS1

counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

] b. Each item of information contained in the IDS 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 this IDS. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English
language counterparts are provided to aid the Examiner’s consideration of non-English items

first cited in the communication from the foreign patent office; or

] c. No item of information contained in the IDS 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 IDS was known to any
individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

] d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were first cited in a communication from a foreign patent
office in a counterpart foreign application not more than three months prior to the filing of this
IDS. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the
filing of this statement.

V. FEES

= a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.
3 JWB/sym
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Application No.: NEW Docket No.: 5271-0195PUS1

| b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.

] C. This Information Disclosure Statement is being filed before the mailing date of a
first Action on the merits. No fee is required. If a first Office Action on the merits has issued,
please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37 C.F.R. §

1.97(e) above. If no statement has been made, charge our deposit account for the required fee.

Il d. This Information Disclosure Statement is being filed before the mailing date of a
Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R. §
1.97(c)(1)).
] No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.
or
] See the above statement. No fee is required.
] €. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VI PAYMENT OF FEES

] The required fee is listed on the attached Fee Transmittal.

4 No fee is required.

4 JWB/sym
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Application No.: NEW

Docket No.: 5271-0195PUS1

If the Examiner has any questions concerning this IDS, please contact the undersigned. If

it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to

consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.

02-2448.
Dated: February 17,2010

Attachment(s):

PTO/SB/08

X]  Documents

] Foreign Patent Office Communication
Foreign Search Report

] Fee

[[]  Other:

Respectfully submitted,

By //d/‘ N L —

John W. Bdiley
Registratfon No.: 32,881

RIR (LY, Q'T‘E“‘N’A RT WNOT A
DINCII, S LYY L, N0y

8110 Gatehouse Road

Suite 100 East

P.O.Box 747

Falls Church, Virginia 22040-0747
(703) 205-8000

Attorney for Applicant

7
P
n
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2008/067757

A. CLASSIFICATION OF SUBJECT MATTER
HO01M2/16(2006.01)1,

(2006.01)1i, H0IM10/40(2006.01)1

H01M4/50(2006.01)1,

According to International Patent Classification (IPC) or to both national classification and IPC

HOIM4/52(2006.01)i, H01M4/58

B. FIELDS SEARCHED

HO1M2/16, HO1M4/50, H01M4/52, HO1M4/58

Minimum documentation searched (classification system followed by classification symbols)

’

HO1IM10/40

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
1922-1896 Jitsuyo Shinan Toroku Koho
1971-2008 Toroku Jitsuyo Shinan Koho

1996-2008
1954-2008

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

01 June, 2006 (01.06.06},
Par. Nos. [0053] to [0054];
6 to 9; tables 1 to 2

(Family: none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2007-157723 A (Hitachi Maxell, Ltd.), 1-20
21 June, 2007 (21.06.07),
Example 2
& US 2007/0264577 Al & EP 1826842 Al
& WO 2006/062153 Al & WO 2007/066768 Al
& CA 2586062 A & KR 10-2007-0083875 A
& CN 101048892 A
X JP 2006-139978 A (Hitachi Maxell, Ltd.), 1-11,13-20

examples 1 to 3,

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or afler the international filing
date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more ofher such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
26 December, 2008 (26.12.08)

Date of mailing of the international search report
20 January, 2009 (20.01.09)

Name and mailing address of the ISA/
Japanese Patent Office

Eacsimile No

Authorized officer

Form PCT/ISA/210 (second sheet) (April 2007)
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DESCRIPTION

BATTERY SEPARATOR AND NONAQUEOUS ELECTROLYTE BATTERY
Technical Field

[0001] The present invention relates to a nonaqueous electrolyte battery that is safe
from being allowed to stand at high temperatures.

Background Art

[0002] A nonaqueous electrolyte battery such as a lithium ion battery is
characterized by a high energy density and thus has been widely used as a power
source for portable equipment such as a portable telephone and a notebook personal
computer. Inrecent years, the capacity of the nonaqueous electrolyte battery is likely
to increase further as the performance of the portable equipment becomes higher. In
parallel with this, it is also important to ensure safety.

[0003] In the current nonaqueous electrolyte battery, e.g., a polyolefin microporous
film with a thickness of about 20 to 30 um is used as a separator that is interposed
between a positive electrode and a negative electrode. However, the commonly used
separator easily shrinks when the temperature in the battery becomes extremely high,
and can cause a short circuit. Therefore, as a means of improving the safety of the
nonaqueous electrolyte battery, the heat resistance of the separator may be improved.
[0004] On the other hand, e.g., when the nonaqueous electrolyte battery in a charged
state is placed in a high-temperature environment, heat can be generated from the
positive electrode to raise the temperature in the battery further. Therefore, as a
means of improving the safety of the nonaqueous electrolyte battery, a positive active
material having high thermal stability also may be used.

[0005] For example, Patent Documents 1 and 2 propose a nonaqueous electrolyte
battery that uses a positive active material having high thermal stability along with a
separator having good heat resistance. However, in the technology as disclosed in
Patent Document 1, there is a limit to the reduction in thickness of the separator
because a nonwoven fabric or paper is used for the separator. For example, if the
separator has a thickness of 30 um or less and an active material such as graphite is
used for the negative electrode, a short circuit may be likely to occur. Moreover, the

technology as disclosed in Patent Document 2 focuses only on thermal shrinkage of the
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separator at 120°C. Thus, it is difficult to ensure the safety of the battery at
temperatures higher than this.
[0006] Patent Documents 3 to 7 propose a multilayer separator that includes a high
heat-resistant layer as a technology for preventing a short circuit due to thermal
shrinkage of the separator. However, the separator needs to be further improved to
achieve the safety of the battery at even higher temperatures.
[0007] For example, in the case of an electrode body obtained by winding the positive
electrode and the negative electrode with the separator interposed between them, a
short circuit can occur due to thermal shrinkage of the separator in the width direction.
Thus, it is necessary to suppress the thermal shrinkage in the width direction.
[0008] Patent Document 1: JP 2004-296325 A

Patent Document 2: JP 2004-303474 A

Patent Document 3: JP 2006-351386 A

Patent Document 4: WO 2007/66768

Patent Document 5: JP 2007-273123 A

Patent Document 6: JP 2007-273443 A

Patent Document 7: JP 2007-280911 A
Disclosure of Invention
[0009] Therefore, with the foregoing in mind, it is an object of the present invention
to provide a battery separator that can constitute a nonaqueous electrolyte battery
having excellent safety in a high-temperature environment, and a nonaqueous
electrolyte battery using the battery separator.
[0010] Abattery separator of the present invention includes heat-resistant fine
particles and a thermoplastic resin. The proportion of particles with a particle size of
0.2 um or less in the heat-resistant fine particles is 10 vol% or less and the proportion
of particles with a particle size of 2 um or more in the heat-resistant fine particles is 10
vol% or less. A shutdown is effected in the range of 100°C to 150°C.
[0011] A nonaqueous electrolyte battery of the present invention includes the
following: a positive electrode having a positive active material capable of intercalating
and deintercalating a lithium ion; a negative electrode having a negative active
material capable of intercalating and deintercalating a lithium ion; a separator

interposed between the positive electrode and the negative electrode; and a
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nonaqueous electrolyte. A heat generation starting temperature of the positive
electrode is 180°C or higher. The separator includes heat-resistant fine particles and
a thermoplastic resin. The proportion of particles with a particle size of 0.2 um or less
in the heat-resistant fine particles is 10 vol% or less and the proportion of particles
with a particle size of 2 pm or more in the heat-resistant fine particles is 10 vol% or
less. The separator effects a shutdown in the range of 100°C to 150°C.
[0012] Inthe nonaqueous electrolyte battery of the present invention, the heat
generation starting temperature of the positive electrode is as high as 180°C or higher.
This can suppress heat to be generated from the positive electrode when the battery is
placed in a high-temperature environment. Moreover, the nonaqueous electrolyte
battery uses the battery separator that includes a thermoplastic resin and
heat-resistant fine particles containing particles with a particle size of 0.2 pm or less in
a proportion of 10 vol% or less and particles with a particle size of 2 pm or more in a
proportion of 10 vol% or less, and that effects a shutdown in the range of 100°C to
150°C. This can reliably prevent a short circuit due to contact between the positive
electrode and the negative electrode at high temperatures. As a result of these effects,
it is possible to provide a nonaqueous electrolyte battery having excellent safety in a
high-temperature environment.
Brief Description of Drawings
[0013] [FIG. 1] FIG. 1A is a schematic plan view of a nonaqueous electrolyte battery
of the present invention. FIG. 1B is a schematic cross-sectional view of a nonaqueous
electrolyte battery of the present invention.

[FIG. 2] FIG. 2 is schematic diagram showing the appearance of a nonaqueous
electrolyte battery of the present invention.
Best Mode for Carrying Out the Invention
[0014] The heat generation starting temperature of the positive electrode of the
nonaqueous electrolyte battery of the present invention is 180°C or higher, and
preferably 200°C or higher.
[0015] In the present specification, the heat generation starting temperature of the
positive electrode is determined as follows. First, a DSC curve is obtained by
measuring the positive electrode in a charged state with a differential scanning

calorimeter (DSC) from 30°C at a rate of temperature rise of 10°C/min in the presence
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of a nonaqueous electrolyte used for the battery (as will be described later). In this
DSC curve, the heat generation starting temperature indicates a temperature at an
intersection point of two lines: one is an extension line of the base line on the high
temperature side; and the other is a tangent to the curve of the exothermic peak on the
low temperature side at a point where the curve has the maximum slope. The
“charged state” of the positive electrode indicates a full-charge state according to the
battery design. Specifically, assuming that the rated charging voltage of the battery is
Vmax, a constant-current and constant-voltage charge is performed in such a manner
that the battery is charged at a constant current until the battery voltage reaches the
Vmax, and subsequently charged at a constant voltage of Vmax. The battery is
considered in the full-charge state when the current value during the constant-voltage
charge is reduced to 1/10 of a current value (1 C) based on the rated capacity of the
battery.

[0016] The positive electrode of the present invention includes a current collector and
a positive electrode mixture layer formed on one side or both sides of the current
collector. The positive electrode mixture layer is composed of a positive electrode
mixture that is obtained by mixing a positive active material, a conductive assistant, a
binder, etc.

[0017] To set the heat generation starting temperature of the positive electrode at
180°C or higher, it is preferable to use the positive active material having good thermal
stability and a high heat generation starting temperature. Specifically, it is
preferable to use at least one compound selected from the following: a spinel-type
lithium-containing complex oxide expressed as a general formula Lii+Mne—oM1O4
(where M1 is at least one element selected from the group consisting of Fe, Ni, Mg, Zn,
Co, Cr, Al, B, V, Si, Sn, Nb, Ta, Cu, Mo, Ti, and W, — 0.1 <t<0.1, and 0<x < 0.6); an
olivine-type lithium-containing complex oxide expressed as a general formula LiM2PO4
(where M2 is Co, Ni, Mn, or Fe); a lithium-containing complex oxide having a layered
crystal structure expressed as a general formula Liq+aM>3Mns5-5)Nios5-+)O2 (where M3
is at least one element selected from the group consisting of Fe, Mg, Zn, Co, Cr, Al, B, V,
Si, Sn, Nb, Ta, Cu, Mo, Ti, and W, —0.1<a <0.1,and 0 <b <0.05); and a
lithium-containing complex oxide expressed as a general formula

Lia+y+oNia—y—ztseMna—y—-92M%Os (where M*is at least one element selected from the
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group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, Sn, Mg, and Zr, — 0.1 <y <0.1, — 0.05
<0<0.050<z<045, and —0.24 <§<0.6). In particular, the lithium-containing
complex oxide expressed as the general formula Li(+y+oNiq—y—z+eMna——-geM4,09 is
preferred, in which 0 <y <0.05 is more preferred, 0 <z < 0.4 is more preferred, —0.1 <3
is more preferred, and & < 0.24 is more preferred.

[0018] Although only the above compounds can be used as the positive active
material, another compound such as LiCoOs having a low heat generation starting
temperature may be used with the above compounds unless the heat generation
starting temperature of the positive electrode is below 180°C. The particle size of the
positive active material is preferably 0.01 to 30 um.

[0019] The conductive assistant of the positive electrode may be a carbon material
such as carbon black. The binder of the positive electrode may be a fluorocarbon resin
such as polyvinylidene fluoride (PVDF).

[0020] The current collector of the positive electrode may be, e.g., a foil, a punched
metal, a mesh, or an expanded metal, which are made of aluminum or the like. In
general, an aluminum foil with a thickness of 10 to 30 um can be suitably used.

[0021] Alead portion of the positive electrode is generally provided in the following
manner. A part of the current collector remains exposed without forming the positive
electrode mixture layer when the positive electrode is produced, and this exposed
portion can serve as the lead portion. However, the lead portion does not necessarily
need to be integrated with the current collector from the beginning and may be
provided by connecting an aluminum foil or the like to the current collector afterward.
[0022] The composition of the positive electrode mixture layer of the positive
electrode is preferably 80 to 98 mass% of the positive active material, 1 to 18 mass% of
the conductive assistant, and 1 to 10 mass% of the binder. The thickness of the
positive electrode mixture layer (per one side of the current collector) is preferably 20 to
100 pm.

[0023] To suppress thermal shrinkage and provide a shutdown property; it is
preferable that the separator of the nonaqueous electrolyte battery of the present
invention has a multilayer structure. Specifically, the multilayer structure includes a
heat-resistant layer for suppressing the thermal shrinkage and isolating the positive

electrode from the negative electrode at high temperatures and a shutdown layer for
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ensuring the shutdown property.

[0024] In the present specification, a shutdown is effected in such a manner that the
resin constituting the separator is melted at a temperature not more than the thermal
runaway (abnormal heat generation) temperature of the battery and the pores of the
separator are filled with the molten resin, thereby increasing the internal resistance of
the battery to interrupt the current.

[0025] A temperature at which the separator effects a shutdown G.e., a shutdown
temperature) is preferably 100°C or higher, since if the shutdown temperature is too
low, a shutdown is effected during the normal operation of the battery, and thus can
increase the internal resistance of the battery. On the other hand, if the shutdown
temperature of the separator is too high, the current interruption does not succeed by a
shutdown when heat is rapidly generated due to, e.g., an internal short circuit of the
battery. Therefore, the temperature in the battery is raised to a temperature close to
or higher than the exothermic peak temperature of the positive active material, which
may result in thermal runaway. Thus, the shutdown temperature is preferably at
least 20°C lower than the exothermic peak temperature of the positive electrode G.e.,
the temperature at an apex of the exothermic peak of the DSC curve that is obtained
to determine the heat generation starting temperature, as described above), and more
preferably 150°C or lower.

[0026] The separator has a structure in which the heat-resistant layer may be either
integrated with the shutdown layer (i.e., a single film separator) or not integrated with
the shutdown layer. Inboth cases, the shutdown temperature in the present
specification is defined as a temperature at which a Gurley value obtained by a
method according to the Japanese Industrial Standards (JIS) P 8117 and expressed as
the length of time (seconds) it takes for 100 ml air to pass through a membrane at a
pressure of 0.879 g/mm? is at least ten times as large as the Gurley value at room
temperature before heating.

[0027] The heat-resistant layer of the separator is preferably a porous layer including
heat-resistant fine particles and a binder as components. In the present specification,
the “heat-resistant fine particles” are fine particles with a heat-resistant temperature
of 200°C or higher, and the “heat-resistant temperature” is a temperature at which a

substantial physical change such as a thermal deformation does not occur.
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[0028] The heat-resistant fine particles are not particularly limited as long as they
are electrochemically stable and have electrical insulation, but are preferably inorganic
fine particles. Specific examples of the inorganic fine particles include the following:
fine particles of inorganic oxides such as an iron oxide, silica (SiO»), alumina (AlsOs),
TiOg, and BaTiOs; fine particles of inorganic nitrides such as an aluminum nitride and
a silicon nitride; fine particles of hardly-soluble ionic crystals such as a calcium fluoride,
a barium fluoride, and a barium sulfate; and fine particles of covalent crystals such as
silicon and diamond. The inorganic oxide fine particles may be fine particles of
materials derived from the mineral resources such as boehmite, zeolite, apatite,
kaoline, mullite, spinel, olivine, and mica or artificial products of these materials.
Moreover, the inorganic fine particles may be electrically insulating particles obtained
by covering the surface of a conductive material with a material having electrical
insulation (e.g., any of the above inorganic oxides). Examples of the conductive
material include conductive oxides such as a metal, SnOs, and an indium tin oxide
(ITO) and carbonaceous materials such as carbon black and graphite.

[0029] Organic fine particles also can be used as the heat-resistant fine particles.
Specific examples of the organic fine particles include the following: fine particles of
cross-linked polymers such as polyimide, a melamine resin, a phenol resin,
cross-linked polymethyl methacrylate (cross-linked PMMA), cross-linked polystyrene
(cross-linked PS), polydivinylbenzene (PDVB), and a benzoguanamine-formaldehyde
condensation product; and fine particles of heat-resistant polymers such as
thermoplastic polyimide. The organic resin constituting these organic fine particles
may be a mixture, a modified product, a derivative, a copolymer (a random copolymer,
an alternating copolymer, a block copolymer, or a graft copolymer), or a cross-linked
product (in the case of the heat-resistant polymer) of the above polymeric materials.
[0030] The above examples of the heat-resistant fine particles may be used
individually or in combination of two or more. Among the above heat-resistant fine
particles, the inorganic oxide fine particles are more suitable, and alumina, silica, and
boehmite are even more suitable. This is because these materials have a high
heat-resistant temperature as well as high electrochemical stability.

[0031] The heat-resistant fine particles contain particles with a particle size of 0.2 um

or less in a proportion of 10 vol% or less and particles with a particle size of 2 um or
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more in a proportion of 10 vol% or less, and also have a narrow particle size
distribution and a uniform particle size. This configuration can suppress thermal
shrinkage of the separator at a temperature T (°C) that is close to, e.g., 10°C lower than
the heat generation starting temperature of the positive electrode (in this case, the
upper limit of T is 200°C, and T does not exceed 200°C even if the heat generation
starting temperature of the positive electrode is higher than 210°C). Thus, it is
possible to prevent the electrode body from being short-circuited due to the thermal
shrinkage of the separator in the width direction.

[0032] To make the proportions of particles with a particle size of 0.2 um or less and
particles with a particle size of 2 um or more in the heat-resistant fine particles not
more than 10 vol%, respectively, the particle size of the material particles may be
controlled in the range of 0.2 to 2 um. If the particle size of the material particles is
too large, the material particles can be pulverized with a grinder such as a ball mill, a
sand mill, a jet mill, or a cyclone mill to reduce the particle size. If the particle size of
the material particles is too small, the particles size can be increased with a granulator
such as mechanofusion or a spray drier. Moreover, the particles with a particle size of
0.2 um or less and the particles with a particle size of 2 um or more may be filtered out
with various types of classifiers such as a sieve, a classification cyclone, and a filter, so
that the remaining particles are used.

[0033] The thermal shrinkage ratio of the separator of the present invention is
preferably 10% or less, and more preferably 5% or less at the temperature T.
Specifically, the thermal shrinkage ratio of the separator in the width direction is
preferably 10% or less at 200°C. By controlling the particle size of the heat-resistant
fine particles, the separator with such a small thermal shrinkage ratio can be achieved
even if the separator has a structure in which the heat-resistant layer is integrated
with the shutdown layer. Thus, it is possible to sufficiently suppress the occurrence of
a short circuit due to shrinkage of the separator when the temperature in the battery
becomes high. The thermal shrinkage ratio is preferably as small as possible, and
particularly preferably 0%.

[0034] When the separator has a structure in which the heat-resistant layer and the
shutdown layer are not integrated, but separated from each other, the thermal

shrinkage ratio of the heat-resistant layer is preferably 10% or less, and more
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preferably 5% or less at the temperature T. Specifically, the thermal shrinkage ratio
of the heat-resistant layer in the width direction is preferably 10% or less at 200°C. In
this case, the above thermal shrinkage ratio also can be ensured by controlling the
particle size of the heat-resistant fine particles. Thus, it is possible to sufficiently
suppress the occurrence of a short circuit due to shrinkage of the shutdown layer when
the temperature in the battery becomes high. Needless to say, the thermal shrinkage
ratio is preferably as small as possible, and particularly preferably 0%.

[0035] By ensuring the above thermal shrinkage ratio, the separator can be
maintained to have a width larger than, e.g., the width of the negative electrode at the
temperature T when actually incorporated into the battery. Therefore, the occurrence
of a short circuit can be sufficiently suppressed.

[0036] The average particle size of the heatresistant fine particles is in the range of
preferably 0.3 um, more preferably 0.4 um, most preferably 0.5 um to preferably 1.5
um, more preferably 1.2 um, most preferably 1 um. The average particle size of the
heat-resistant fine particles can be defined as a number average particle size that is
measured with a laser diffraction particle size analyzer (e.g., LA-920 manufactured by
Horiba, Ltd.) by dispersing the heatresistant fine particles in a medium, in which the
particles are insoluble.

[0037] The heat-resistant fine particles can have any shape such as a sphere (true
sphere or substantial sphere), a rugby ball, a polyhedron, or a plate-like particle.
However, it is more preferable that the heat-resistant fine particles are in the form of
plate-like particles. The use of plate-like particles as the heat-resistant fine particles
makes it easier to form a heat-resistant layer that is less susceptible to thermal
shrinkage. Therefore, even if the separator has a structure in which the
heat-resistant layer is integrated with the shutdown layer that is a porous film made
of a thermoplastic resin, thermal shrinkage of the whole separator caused by thermal
shrinkage of the shutdown layer can be effectively suppressed. For example, the
thermal shrinkage ratio of the separator can be 5% or less at 165°C, which is measured
by a method as will be described later. Although the reason the thermal shrinkage of
the separator or the heat-resistant layer is easily suppressed by using the
heat-resistant fine particles in the form of plate-like particles is not clear, it is

considered that the plane surfaces of the individual particles are likely to be oriented in
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the direction parallel to the plane direction of the separator, and the particles are more
closely packed because of such orientation, thereby resisting the shrinkage.

[0038] 1In the present specification, the thermal shrinkage ratios of the separator and
the heat-resistant layer are determined in the following manner. The separator or
the heat-resistant layer is cut into 3 cm X 3 cm, and then interposed between two glass
plates, each of which has a thickness of 5 mm. This sample is allowed to stand in a
thermostatic bath at a predetermined temperature for 1 hour and heated.
Subsequently, dimensional changes of the sample are measured. That is, the thermal
shrinkage ratio is defined as a ratio of decrease in the width of the separator after
heating to that of the separator at room temperature before heating. When the
thermal shrinkage ratio involves directivity, it is defined as a ratio of decrease in the
width of the separator in the direction in which the separator shrinks the most.

[0039] In the present invention, it is preferable that the heat resistant layer includes
a binder to integrate the heat-resistant layer with the shutdown layer or the electrode,
or to bind the heat-resistant fine particles constituting the heat-resistant layer.
Examples of the binder include the following: an ethylene-vinyl acetate copolymer
(EVA having 20 to 35 mol% of a structural unit derived from vinyl acetate); an
ethylene-acrylic acid copolymer such as an ethylene-ethyl acrylate copolymer (EEA);
fluoro-rubber; styrene-butadiene rubber (SBR); carboxymethyl cellulose (CMC);
hydroxyethyl cellulose (HEC); polyvinyl alcohol (PVA); polyvinyl butyral (PVB);
polyvinyl pyrrolidone (PVP); poly-N-vinylacetamide; a cross-linked acrylic resin;
polyurethane; and an epoxy resin. The above examples of the binder may be used
individually or in combinations of two or more.

[0040] Among the above binders, the heat-resistant resins having heat resistance at
150°C or higher are suitable. In particular, highly flexible materials such as the
ethylene-acrylic acid copolymer, the fluoro-rubber, and the SBR are more suitable.
Specific examples of the highly flexible materials include the following: EVA,
“EVAFLEX series (trade mane)” manufactured by DU PONT-MITSUI
POLYCHEMICALS CO., LTD.; EVA manufactured by NIPPON UNICAR CO., LTD.;
an ethylene-acrylic acid copolymer, “EVAFLEX-EEA series (trade name)”
manufactured by DU PONT-MITSUI POLYCHEMICALS CO., LTD.; EEA
manufactured by NIPPON UNICAR CO., LTD.; fluoro-rubber, “DAI-EL LATEX series
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(trade name)” manufactured by DAIKIN INDUSTRIES, Ltd.; SBR, “TRD—2001 (trade
name)” manufactured by JSR Corporation; and SBR, “EM—400B (trade name)”
manufactured by ZEON CORPORATION. Moreover, the cross-linked acrylic resin
(self-cross-linking acrylic resin) that has a low glass transition temperature is also
suitable, and includes butyl acrylate as the main component and has cross-linking of
the butyl acrylate.

[0041] When the binder is used, it may be dissolved or emulsified in a medium
(solvent) of a composition (slurry etc.) for forming the heat-resistant layer, as will be
described later.

[0042] The heat-resistant layer may further include a porous base material as long as
the heat resistance is not impaired. The porous base material may be, e.g., a porous
film made of a heat-resistant resin, or a woven or nonwoven fabric made of
heat-resistant fibers. Examples of the constituents of the porous base material
includes the following: cellulose and a modified product of the cellulose such as
carboxymethyl cellulose; polypropylene (PP); polyesters such as polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), and polybutylene terephthalate
(PBT); resins such as polyacrylonitrile (PAN), aramid, amide-imide, and polyimide;
and inorganic materials (inorganic oxides) such as glass, alumina, and silica. The
porous base material may include either one type or more than one type of these
constituents. The porous base material also may include various types of additives
(e.g., an antioxidant when the resin is used) as needed in addition to the above
constituents.

[0043] The content of the heat-resistant fine particles in the heat-resistant layer is
preferably 20 vol% or more, more preferably 50 vol% or more, and further preferably
80 vol% or more of the total volume of components in the heat-resistant layer. By
increasing the content of the heat-resistant fine particles in the heat-resistant layer,
thermal shrinkage of the heat-resistant layer or the whole separator can be favorably
suppressed. As described above, the heat-resistant layer preferably includes a binder.
In view of this, the preferred upper Limit of the content of the heat-resistant fine
particles in the heat-resistant layer is, e.g., 99 vol% of the total volume of components
in the heat-resistant layer. If the content of the heat-resistant fine particles in the

heat-resistant layer is too small, e.g., the content of the binder in the heat-resistant
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layer should be increased. In such a case, however, the pores of the heat-resistant
layer are filled with the binder, which may impair, e.g., the function of the separator.
On the other hand, if a hole-opening agent or the like is used to provide a porous
heat-resistant layer, the space between the heat-resistant fine particles becomes
extremely large, so that the effect of suppressing thermal shrinkage may be reduced.
[0044] The content of the binder in the heat-resistant layer is preferably 1 to 20 vol%
of the total volume of components in the heat-resistant layer.

[0045] When the heat-resistant layer includes the porous base material composed of
the heat-resistant resin or the heat-resistant fibers, the content of the heat-resistant
resin or the heat-resistant fibers of the porous base material in the heat-resistant layer
is in the range of preferably 10 vol%, more preferably 30 vol% to preferably 90 vol%,
more preferably 70 vol% of the total volume of components in the heat-resistant layer.
[0046] The material of the shutdown layer of the separator is not particularly limited
as long as it is a thermoplastic resin that is electrochemically stable, also stable to the
nonaqueous electrolyte of the battery, and preferably able to ensure the shutdown
temperature. In particular, polyolefin (polyethylene, polypropylene, an
ethylene-propylene copolymer, etc.) having a softening point (melting point, glass
transition point, ete.) of 100 to 150°C is suitable. Moreover, polyester also can be used.
[0047] The shutdown layer may be in any form as long as it has sufficient ionic
conductance to obtain necessary battery characteristics. As the shutdown layer,
porous films can be used, including a porous film that is formed by aggregating fine
particles and an ion-permeable porous film (microporous film) that has many pores
and is formed by a conventional solvent extraction method, a dry or wet drawing
method, or the like. More specifically, a polyethylene porous film, a polypropylene
porous film, a polyester porous film, etc. are suitable for the shutdown layer.

[0048] When the shutdown layer is formed, e.g., by aggregating thermoplastic resin
fine particles, the shutdown layer may include a binder as needed to bind the fine
particles or to integrate the shutdown later with the heat-resistant layer or the
electrode. The various types of binders that may be included in the heat-resistant
layer also can be used for the shutdown layer. These binders may be used
individually or in combinations of two or more. Like the heat-resistant layer, when

the binder is used, it may be dissolved or emulsified in a medium (solvent) of a
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composition (slurry ete.) for forming the shutdown layer, as will be described later.
[0049] When the shutdown layer includes the binder, it is preferable that the content
of the thermoplastic resin fine particles is 70 to 99 vol% of the total volume of
components in the shutdown layer, and the content of the binder is 1 to 30 vol% of the
total volume of components in the shutdown layer.

[0050] Although the separator can have one heat-resistant layer and one shutdown
layer, it may have a plurality of heat-resistant layers that are disposed, e.g., on both
sides of the shutdown layer or a plurality of shutdown layers. However, the thickness
of the separator increases with the number of layers, which may lead to an increase in
the internal resistance or a reduction in the energy density. Therefore, the separator
should not include too many layers, and the total number of layers (the heat-resistant
layer and the shutdown layer) constituting the separator is preferably five layers or
less, and more preferably two layers.

[0051] When the separator has a multilayer structure of the heat-resistant layer and
the shutdown layer, the heat-resistant layer may be integrated with the shutdown
layer. Alternatively, the heat-resistant layer and the shutdown layer are not
integrated, but may be provided as independent films, or the heat-resistant layer or
the shutdown layer may be individually integrated with the electrode. When the
heat-resistant layer and the shutdown layer are not integrated, the separator may be
configured by laminating the heat-resistant layer and the shutdown layer together in
the nonaqueous electrolyte battery.

[0052] Interms of isolating the positive electrode from the negative electrode more
reliably, the thickness of the separator is preferably 6 um or more, and more preferably
10 um or more. On the other hand, if the separator is too thick, the energy density of
the battery may be reduced. Therefore, the thickness of the separator is preferably 50
um or less, and more preferably 30 um or less.

[0053] When the thicknesses of the shutdown layer and the heat-resistant layer of
the separator are represented by A (um) and B (um), respectively, the ratio A/B of Ato
B is in the range of preferably 1/4, more preferably 1/2 to preferably 5, more preferably
4. As described above, in the separator of the present invention, even if the thickness
ratio is increased by reducing the thickness of the heat-resistant layer, the occurrence

of a short circuit due to thermal shrinkage of the separator can be highly suppressed in
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the nonaqueous electrolyte battery. When the separator has a plurality of shutdown
layers, A represents the total thickness of the plurality of shutdown layers. When the
separator has a plurality of heat-resistant layers, B represents the total thickness of
the plurality of heat-resistant layers.

[0054] Specific values of A and B are as follows. The thickness of the shutdown
layer (the total thickness in the case of a plurality of shutdown layers) is preferably 5
um to 30 um. The thickness of the heat-resistant layer (the total thickness in the case
of a plurality of heat-resistant layers) is in the range of preferably 1 um, more
preferably 2 um, even more preferably 4 um to preferably 20 um, more preferably 10
um. If the shutdown layer is too thin, the shutdown property may be weakened. If
the shutdown layer is too thick, the energy density of the battery may be reduced, and
also the effect of suppressing thermal shrinkage of the whole separator may be
reduced because the force of the thermal shrinkage is increased when the separator
has a structure in which the heat-resistant layer is integrated with the shutdown layer.
Moreover, if the heat-resistant layer is too thin, the function of isolating the positive
electrode from the negative electrode at high temperatures may be reduced, and also
the effect of suppressing thermal shrinkage of the whole separator may be reduced
when the separator has a structure in which the heat-resistant layer is integrated with
the shutdown layer. If the heat-resistant layer is too thick, the thickness of the whole
separator is increased.

[0055] The average pore diameter of the separator is in the range of preferably 0.01
um, more preferably 0.05 um to preferably 1 um, more preferably 0.5 um. The
average pore diameter of the shutdown layer is preferably 0.01 to 5 um. The average
pore diameter of the heat-resistant layer is preferably 0.05 to 1 um. In the case of the
battery that includes a wound electrode body obtained by winding the positive
electrode and the negative electrode via the separator in a spiral fashion, the separator
is bent while the electrode body is wound, and thus can cause a crack or the like in the
heat-resistant layer. However, when the separator has the above average pore
diameter (particularly, the shutdown layer has the above average pore diameter), even
if the heat-resistant layer has a crack or the like, it is possible to prevent lithium
dendrites from passing through the crack of the heat-resistant layer. In the case of
the battery that includes a so-called laminated electrode body obtained by laminating
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the positive electrode, the negative electrode, and the separator, instead of the wound
electrode body, the average pore diameters of the separator, the shutdown layer, and
the heat-resistant layer do not have to meet the above suitable values, but more
preferably fall in the respective ranges.

[0056] Interms of improving the ion permeability by ensuring the retention of the
nonaqueous electrolyte, the porosity of the whole separator is preferably 30% or more
in a dry state. On the other hand, in terms of ensuring the strength of the separator
and preventing an internal short circuit, the porosity of the whole separator is
preferably 70% or less in a dry state. The porosity P (%) of the separator can be
calculated from the thickness of the separator, the mass per unit area of the separator,
and the densities of the components of the separator by obtaining a summation for
each component i with the following formula (1).

[0057] P =100 - Caip) % (m/t) (1

[0058] where a; represents the ratio of a component i expressed as a mass percentage,
pi represents the density (g/cm3) of the component i, m represents the mass (g/em?) per
unit area of the separator, and t represents the thickness (cm) of the separator.

[0059] In the formula (1), when m represents the mass (g/em?) per unit area of the
shutdown layer and t represents the thickness (cm) of the shutdown layer, the porosity
P (%) of the shutdown layer can be determined. The porosity of the shutdown layer
obtained in this manner is preferably 30 to 70%.

[0060] 1In the formula (1), when m represents the mass (g/em?) per unit area of the
heat-resistant layer and t represents the thickness (cm) of the heat-resistant layer, the
porosity P (%) of the heat-resistant layer also can be determined. The porosity of the
heat-resistant layer obtained in this manner is preferably 20 to 60%.

[0061] It is desirable that the separator of the present invention has an air
permeability of 30 to 300 sec, which is indicated by the Gurley value. The Gurley
value is obtained by a method according to JIS P 8117 and expressed as the length of
time (seconds) it takes for 100 ml air to pass through a membrane at a pressure of
0.879 g/mm?2, If the air permeability is too large, the ion permeability can be reduced.
On the other hand, if the air permeability is too small, the strength of the separator
can be reduced. It is desirable that the strength of the separator is penetrating

strength measured using a 1 mm diameter needle, and that the penetrating strength

Page 39 of 946



10

15

20

25

30

16

is 50 g or more. If the penetrating strength is too small, lithium dendrite crystals
may penetrate the separator when they are produced, thus leading to a short circuit.
The separator having the multilayer structure as described above can ensure the air
permeability and the penetrating strength.

[0062] The separator of the present invention can be produced in the following
manner. For example, the heat-resistant fine particles, the binder, etc. constituting
the heat-resistant layer are dispersed in a dispersion medium, namely an organic
solvent such as water or N-methyl-2-pyrrolidone (NMP) to prepare a slurry- or
paste-like composition for forming the heat-resistant layer (the binder may be
dissolved in the dispersion medium). This composition is applied to the surface of the
shutdown layer and dried.

[0063] When the shutdown layer is a microporous film made of a thermoplastic resin,
the composition for forming the heat-resistant layer can be applied to the surface of the
shutdown layer, e.g., by coating the surface of the microporous film with the
composition using a coater or by immersing the microporous film in the composition.
[0064] When the shutdown layer is composed of aggregated thermoplastic resin fine
particles, the thermoplastic resin fine particles, the binder used as needed, etc.
constituting the shutdown layer are dispersed in a dispersion medium such as water
or an organic solvent to prepare a slurry- or paste-like composition for forming the
shutdown layer (the binder may be dissolved in the dispersion medium). This
composition is applied to a substrate and dried, so that a shutdown layer is formed
beforehand. Subsequently, the composition for forming the heat-resistant layer can
be applied to the surface of this shutdown layer in the same manner as the
microporous film. The separator also can be produced in a manner contrary to the
above. That is, the composition for forming the heat-resistant layer is applied to a
substrate and dried, so that a heat-resistant layer is formed beforehand.
Subsequently, the composition for forming the shutdown layer is applied to the surface
of this heat-resistant layer and dried.

[0065] The heat-resistant layer and the shutdown layer can be simultaneously
formed by applying one of the compositions for forming the heat-resistant layer and
the shutdown layer to a substrate, and then applying the other composition before the

previously applied composition is completely dried.
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[0066] When the heat-resistant layer includes the porous base material, the
composition for forming the heat-resistant layer may be applied to the porous base
material or the porous base material may be immersed in the composition, and then
the composition is dried to form the heat-resistant layer.

[0067] As described above, the heat-resistant layer and the shutdown layer are not
necessarily integrated, but can be independent of each other and laminated together in
the battery. Moreover, one or both of the heat-resistant layer and the shutdown layer
may be integrated with the electrode (positive electrode or negative electrode). To
integrate the heat-resistant layer or the shutdown layer with the electrode, e.g., the
heat-resistant layer or the shutdown layer serving as an independent film can be
laminated with the electrode, or the composition for forming the heat-resistant layer or
the shutdown layer can be applied to the electrode, thereby forming the heat-resistant
layer or the shutdown layer. It is preferable that the heat-resistant layer is
integrated with the shutdown layer because a conventional manufacturing process can
be used to produce a battery.

[0068] The negative electrode of the battery of the present invention is not
particularly limited as long as it can be used for the nonaqueous electrolyte battery.
Examples of the negative active material include mixtures of two or more carbon
materials capable of intercalating and deintercalating lithium such as graphite,
pyrolytic carbon, coke, glassy carbon, a calcined organic polymer compound,
mesocarbon microbeads, and a carbon fiber. Moreover, examples of the negative
active material also include the following: alloys of Si, Sn, Ge, Bi, Sb, and In;
compounds that can be charged/discharged at a low voltage close to lithium metal such
as a lithium-containing nitride and a lithium-containing oxide; a lithium metal; and a
Li/Ai alloy. The negative electrode may be produced in such a manner that a negative
electrode mixture is obtained by adding the conductive assistant or the binder (e.g.,
PVDF) appropriately to the negative active material, and then formed into a compact
(a negative electrode mixture layer) while a current collector such as a copper foil is
used as a core material. Alternatively; foils of the above alloys or lithium metal can be
used individually or in the form of a laminate with the current collector (e.g., a copper
foil) as the negative electrode.

[0069] When the negative electrode of the present invention includes a current
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collector, the current collector may be, e.g., a foil, a punched metal, a mesh, or an
expanded metal, which are made of copper, nickel, or the like. In general, a cooper foil
isused. If the thickness of the whole negative electrode is reduced to achieve a
battery with high energy density, the current collector of the negative electrode
preferably has a thickness of 5 to 30 um.

[0070] Alead portion of the negative electrode is generally provided in the following
manner. A part of the current collector remains exposed without forming the
negative electrode mixture layer when the negative electrode is produced, and this
exposed portion can serve as the lead portion. However, the lead portion does not
necessarily need to be integrated with the current collector from the beginning and
may be provided by connecting a copper foil or the like to the current collector
afterward.

[0071] The nonaqueous electrolyte of the present invention can be a nonaqueous
electrolyte (nonaqueous electrolytic solution) produced by dissolving at least one
lithium salt selected from the group consisting of LiClO4, LiPFs, LiBF4, LiAsFs, LiSbFs,
LiCF3803, LiCF5COq, LisCoF4(SOs)s, LIN(CF5S02)2, LIC(CF5809)3, LiCnF2n18903 (2 <n
< 5), and LIN(RfOSOy)2 (where Rf represents a fluoroalkyl group) in an organic solvent
such as a dimethyl carbonate, a diethyl carbonate, a methyl ethyl carbonate, methyl
propionate, an ethylene carbonate, a propylene carbonate, a butylene carbonate,
ybutyrolactone, ethylene glycol sulfite, 1,2-dimethoxyethane, 1,3-dioxolane,
tetrahydrofuran, 2-methyltetrahydrofuran, or diethyl ether. The concentration of the
lithium salt in the electrolyte is preferably 0.5 to 1.5 mol/l, and more preferably 0.9 to
1.25 mol/l.

[0072] The nonaqueous electrolyte battery of the present invention may be in the
form of a rectangular or circular cylinder and have an outer can made of steel or
aluminum. Moreover, the nonaqueous electrolyte battery may be a soft package
battery using a metal-deposited laminated film as an outer package.

[0073] The electrode used in the nonaqueous electrolyte battery of the present
invention may be in the form of a laminated electrode body obtained by laminating the
positive electrode and the negative electrode via the separator of the present invention
or in the form of a wound electrode body obtained by winding the laminated electrode

body. In this case, since the thermal shrinkage of a conventional separator is large in
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the width direction, the width W of the separator needs to be much larger than the
width W, of the negative electrode to prevent a short circuit at high temperatures.

On the other hand, the thermal shrinkage of the separator of the present invention in
the width direction can be sufficiently suppressed even if the heat-resistant layer is
integrated with the shutdown layer to form the separator. Therefore, in the above
wound electrode body, a short circuit due to contact between the positive electrode and
the negative electrode can be prevented only by making the width Wy of the separator
slightly larger than the width W, of the negative electrode.

[0074] When the shutdown layer is made of a material having somewhat inferior
resistance to oxidation such as polyolefin, it is desirable to avoid contact between the
shutdown layer and the positive active material so as to prevent degradation of the
separator caused by oxidation and improve the charge-discharge cycle life and the
high-temperature storage characteristics of the battery. In particular, when the
charging potential is 4.3 V or more, the oxidation action becomes prominent.
Moreover, when the shutdown layer is located on the negative electrode side,
particularly is brought into contact with the negative electrode mixture layer, a film of
the thermoplastic resin of the shutdown layer is formed on the surface of the negative
electrode mixture layer after a shutdown is effected. This can suppress a reaction
between the air that flows into the battery, e.g., after a cleavable vent has opened (as
will be described later) and the negative active material, and thus can further improve
the safety at high temperatures.

[0075] Hereinafter, an example of the nonaqueous electrolyte battery of the present
invention will be described with reference to the drawings. FIG. 1A1is a schematic
plan view of the nonaqueous electrolyte battery of the present invention. FIG. 1Bisa
schematic cross-sectional view of the nonaqueous electrolyte battery of the present
invention. FIG. 2 is a schematic diagram showing the appearance of the nonaqueous
electrolyte battery of the present invention.

[0076] In the battery shown in FIGS. 1A, 1B, and 2, a negative electrode 1 and a
positive electrode 2 are wound via a separator 3 of the present invention in a spiral
fashion, and then pressed into a flat shape, thereby providing a wound electrode body
6. The wound electrode body 6, together with a nonaqueous electrolyte, is housed in a

rectangular cylindrical outer can 20. For the sake of simplicity, FIG. 1B does not
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illustrate a metal foil that is a current collector of the negative electrode 1 or the
positive electrode 2, a nonaqueous electrolyte, ete. and also does not show hatching
that indicates the cross sections of the center of the wound electrode body 6 and the
separator 3.

[0077] The outer can 20 is made of an aluminum alloy, serves as an outer package of
the battery, and is also used as a positive terminal. An insulator 5 made of a
polyethylene sheet is placed at the bottom of the outer can 20. A negative electrode
lead 8 and a positive electrode lead 7 connected to the respective ends of the negative
electrode 1 and the positive electrode 2 are drawn from the wound electrode body 6
including the negative electrode 1, the positive electrode 2, and the separator 3. A
stainless steel terminal 11 is attached to a cover 9 via a polypropylene insulating
packing 10. The cover 9 is made of an aluminum alloy and used to seal the opening of
the outer can 20. A stainless steel lead plate 13 is connected to the terminal 11 via an
insulator 12.

[0078] The cover 9 is inserted in the opening of the outer can 20, and the joint
between them is welded to seal the opening, so that the inside of the battery is
hermetically sealed. Moreover, the cover 9 has an inlet 14 through which the
nonaqueous electrolyte is injected. The inlet 14 is sealed with a sealing member by
laser welding or the like. Thus, the sealing properties of the battery are ensured.

For convenience, in FIGS. 1A, 1B, and 2, the inlet 14 includes the sealing member as
well as itself. The cover 9 has a cleavable vent 15 as a mechanism for discharging the
gas contained in the battery to the outside at the time the internal pressure is raised
due to a rise in temperature or the like.

[0079] In the nonaqueous electrolyte battery shown in FIGS. 1A, 1B, and 2, the
positive electrode lead 7 is directly welded to the cover 9, so that the outer can 20 and
the cover 9 can function as a positive terminal. Moreover, the negative electrode lead
8 is welded to the lead plate 13, and thus electrically connected to the terminal 11 via
the lead plate 13, so that the terminal 11 can function as a negative terminal.
However, the positive and negative electrodes may be reversed depending on the
material of the outer can 20 or the like.

[0080] The nonaqueous electrolyte battery of the present invention can be used in the

same application as that of a conventional nonaqueous electrolyte battery.
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[0081] Next, the present invention will be described in detail by way of examples.
However, the present invention is not limited to the following examples.
[0082] Example 1

< Production of positive electrode >

A positive electrode mixture containing paste was prepared by mixing 90
parts by mass of LiCoo.33Nio.33Mno.330s (positive active material), 7 parts by mass of
acetylene black (conductive assistant), and 3 parts by mass of PVDF (binder)
uniformly by using NMP as a solvent. This paste was intermittently applied to both
surfaces of a current collector (aluminum foil) with a thickness of 15 um so that the
applied length was 280 mm on the upper surface and 210 mm on the lower surface,
which then was dried and calendered. Thus, the thicknesses of the positive electrode
mixture layers were adjusted so that the total thickness was 150 um. Subsequently,
this current collector having the positive electrode mixture layers was cut into a length
of 300 mm and a width of 43 mm, thereby producing a positive electrode. Moreover, a
lead portion was formed by welding a tab to the exposed portion of the aluminum foil
of the positive electrode.
[0083] < Production of negative electrode >

A negative electrode mixture containing paste was prepared by mixing 95
parts by mass of graphite (negative active material) and 5 parts by mass of PVDF
(binder) uniformly by using NMP as a solvent. This paste was intermittently applied
to both surfaces of a current collector (copper foil) with a thickness of 10 um so that the
applied length was 290 mm on the upper surface and 230 mm on the lower surface,
which then was dried and calendered. Thus, the thicknesses of the negative electrode
mixture layers were adjusted so that the total thickness was 142 um. Subsequently,
this current collector having the negative electrode mixture layers was cut into a
length of 300 mm and a width of 45 mm, thereby producing a negative electrode.
Moreover, a lead portion was formed by welding a tab to the exposed portion of the
copper foil of the negative electrode.
[0084] < Production of separator >

200 g of an emulsion of a self-cross-linking acrylic resin serving as a binder
(with a solid content of 40 mass%) and 4000 g of water were put in a container and

stirred at room temperature until the binder was uniformly dissolved in water. Then,

Page 45 of 946



10

15

20

25

30

22

4000 g of a plate-like boehmite powder serving as heat-resistant fine particles (an
average particle size: 1 um, a proportion of particles with a particle size of 0.2 um or
less: 0 vol%, a proportion of particles with a particle size of 2 um or more: 4 vol%, and
an aspect ratio: 10) was added to this solution at four different times, and dispersed
with a Disper at 2800 rpm for 5 hours, resulting in a uniform slurry. Next, the slurry
was applied to a polyethylene microporous film (with a thickness of 16 um, a porosity
of 40%, an average pore diameter of 0.02 um, and a melting point of 135°C) using a
micro-gravure coater and dried, so that cross-links were formed by the acrylic resin.
Thus, a separator that had a thickness of 20 um and included a heat-resistant layer
containing boehmite and a shutdown layer formed of the polyethylene microporous
film (with a melting point of 135°C) was produced. Then, the separator was cut into a
width of 47 mm and used to produce a battery.
[0085] < Production of battery >

The positive electrode and the negative electrode were laminated with the
separator interposed between them so that the shutdown layer faced the negative
electrode, and then wound in a spiral fashion to form a wound electrode body. Next,
the wound electrode body was pressed into a flat shape and placed in an aluminum
rectangular outer can with a thickness of 4 mm, a height of 50 mm, and a width of 34
mm. Moreover, a nonaqueous electrolyte (obtained by dissolving LiPFs at a
concentration of 1.2 mol/l in a solvent containing an ethylene carbonate and an ethyl
methyl carbonate at a volume ratio of 1 : 2) was injected, and the outer can was sealed
in a vacuum, resulting in a nonaqueous electrolyte battery.
[0086] Example 2

A positive electrode was produced in the same manner as Example 1 except
that the positive active material was changed to LiMn;.9Alp10..
[0087] The same slurry as that in Example 1 was applied to the surface of a PET
nonwoven fabric (with a thickness of 15 um and a weight of 10 g/m? using a dip coater
and dried, thereby providing a heat-resistant layer with a thickness of 18 um. Then,
a water dispersion of polyethylene fine particles (with an average particle size of 1 um,
a melting point of 125°C, and a solid content of 20 mass%) was applied to the surface of
the heat-resistant layer using a die coater and dried, thereby providing a shutdown

layer. Thus, a separator was produced. The thickness of the separator was 23 um.
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[0088] A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that the positive electrode and the separator of this example were
used.
[0089] Example 3

A positive electrode was produced in the same manner as Example 1 except
that the positive active material was changed to LiFePO..
[0090] Next, 600 g of an NMP solution of PVDF serving as a binder (with a solid
content of 15 mass%) and 1000 g of NMP were put in a container and stirred at room
temperature until the solution was uniform. Then, 3000 g of an alumina powder
serving as heat-resistant fine particles (an average particle size: 0.4 um, a proportion of
particles with a particle size of 0.2 um or less: 0 vol%, and a proportion of particles with
a particle size of 2 pm or more: 0 vol%) was added to this solution at four different
times, and dispersed with a Disper at 2800 rpm for 1 hour, resulting in a uniform
slurry. Next, the slurry was applied to the surface of the above positive electrode
using a die coater and dried, thereby providing a heat-resistant layer with a thickness
of 4 um.
[0091] A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that the above positive electrode including the heat-resistant layer,
the same negative electrode as that prepared in Example 1, and a polyethylene
microporous film with a thickness of 16 um were used, and a wound electrode body
was formed so that the polyethylene microporous film was located between the
heat-resistant layer of the positive electrode and the negative electrode. In this
example, the heat-resistant layer formed on the surface of the positive electrode and
the polyethylene microporous film (shutdown layer) corresponded to the separator.
[0092] Example 4

< Production of negative electrode >

A negative electrode with a length of 510 mm and a width of 45 mm was
produced in the same manner as Example 1 except that the negative electrode
mixture containing paste was intermittently applied so that the applied length was
500 mm on the upper surface and 440 mm on the lower surface.
[0093] < Production of positive electrode >

90 parts by mass of LiNigsMno,.15C00202 (with a number average particle size
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of 17 um) and 10 parts by mass of LiCoOq (with a number average particle size of 5
um) were dry-mixed, to which 20 parts by mass of an NMP solution including 10
mass% of PVDF serving as a binder were added, and then further mixed. Next, 1
part by mass of artificial graphite and 1 part by mass of Ketjenblack were added to
this mixture as a conductive assistant and kneaded with a two-axis kneader.
Moreover, NMP was added to adjust the viscosity of the mixture, and thus a positive
electrode mixture containing paste was prepared. A positive electrode with a length
of 520 mm and a width of 43 mm was produced in the same manner as Example 1
except that the positive electrode mixture containing paste was intermittently applied
so that the applied length was 500 mm on the upper surface and 425 mm on the lower
surface.
[0094] < Production of separator >

A separator with a thickness of 22 um was produced in the same manner as
Example 1 except that 200 g of the emulsion of the self-cross-linking acrylic resin were
changed to 100 g of an emulsion of SBR (with a solid content of 40 mass%). The
volume ratio of the heat-resistant fine particles to the heat-resistant layer of the
separator was 91 vol%, and the porosity of the heat-resistant layer was 48%.
[0095] < Production of battery >

A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that an aluminum rectangular outer can with a thickness of 6 mm,
a height of 50 mm, and a width of 34 mm was used.
[0096] Comparative Example 1

A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that the separator was changed to a polyethylene microporous film
with a thickness of 16 um.
[0097] Comparative Example 2

A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that the positive active material was changed to LiCoOs.
[0098] Comparative Example 3

A nonaqueous electrolyte battery was produced in the same manner as
Example 1 except that the separator was changed to a PET nonwoven fabric (with a

thickness of 15 um and a weight of 10 g/m?).
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[0099] [Measurement of heat generation starting temperature of positive electrodel

The heat generation starting temperature of the positive electrode in each of
the nonaqueous electrolyte batteries of Examples 1 to 4 and Comparative Examples 1
to 3 was measured using a DSC “Pyris 1”7 manufactured by PerkinElmer Co., Ltd.
Each of the nonaqueous electrolyte batteries charged to 4.25 V was disassembled in a
glove box having an Ar atmosphere, and the positive electrode was taken out and
punched into a circular shape with a diameter of 3.5 mm. This positive electrode was
weighed and then sealed in a sample pan that had a gold-plated surface and was able
to withstand 150 atm. Next, the temperature was raised from 30 to 400°C at
10°C/min, and a DSC curve was obtained. In the DSC curve, the heat generation
starting temperature of the positive electrode indicated a temperature at an
intersection point of two lines: one is an extension line of the base line on the high
temperature side; and the other is a tangent to the curve of the exothermic peak on the
low temperature side at a point where the curve has the maximum slope. Table 1
shows the results.

[0100] [Measurement of thermal shrinkage ratio at T°C]

The separator used in each of the nonaqueous electrolyte batteries of
Examples 1 to 4 and Comparative Examples 1 to 3 was allowed to stand in a
thermostatic bath at T°C that was 10°C lower than the heat generation starting
temperature of the positive electrode (where the upper limit of T was 200°C) for 1 hour.
Then, the thermal shrinkage ratio of the separator was measured by the
above-described method. Table 1 shows the results along with T°C.

[0101] [Measurement of shutdown temperature]

The separator used in each of the nonaqueous electrolyte batteries of
Examples 1 to 4 and Comparative Examples 1 to 2 was placed in a thermostatic bath
and heated by raising the temperature from 100°C in 5°C increments for 10 minutes,
and subsequently the Gurley value was measured. Next, changes in the Gurley
value before and after the heating of the separator in the thermostatic bath were
determined, and a temperature at which the Gurley value was at least ten times
larger than that before heating was defined as the shutdown temperature. The
Gurley value was obtained by a method according to JIS P 8117 and expressed as the

length of time (seconds) it took for 100 ml air to pass through a membrane at a
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pressure of 0.879 g/m?2.

[0102] With respect to the separator of Example 3, the thermal shrinkage ratio and
the change of the Gurley value were determined for each of the heat-resistant layer
and the polyethylene microporous film used in Example 3. In this case, the
heat-resistant layer was prepared in the following manner. The slurry for forming
the heat-resistant layer was applied to a PET film, which had been subjected to a
peeling treatment, and dried to form a heat-resistant layer. Then, this heat-resistant
layer was removed from the PET film. Comparing the heat-resistant layer and the
polyethylene microporous film, a smaller value of the thermal shrinkage ratios and a
larger value of the changes in the Gurley value were selected as the thermal shrinkage
ratio and the shutdown temperature of the separator of Example 3, respectively.
[0103] Table 1 also shows the width of each of the separators after the thermal
shrinkage at T°C in Examples 1, 2, and 4 and Comparative Examples 1 to 3, and the
width of the heat-resistant layer after the thermal shrinkage at T°C in Example 3.
[0104] TABLE 1

Heat generation Shutdown T°C Thermal Width of separator
starting temperature shrinkage or heat-resistant
temperature of CC) ratio at T°C | layer at T°C
positive electrode (%) (mm)
C)
Example 1 229 135 200 2 46.1
Example 2 200 135 190 0 47
Example 3 229 135 200 0 47
Example 4 220 135 200 1 46.5
Comparative 229 140 200 35 30.6
Example 1
Comparative 161 135 151 1 46.5
Example 2
Comparative 229 - 200 0 47
Example 3

[0105] As can be seen from Table 1, the heating characteristics of all the batteries of
Examples 1 to 4 were satisfactory. On the other hand, the battery of Comparative
Example 1 used the separator including no heat-resistant fine particle, and therefore
the thermal shrinkage ratio was 35% at T°C, and the width of the separator was
smaller than 45 mm, which was the width of the negative electrode. In the battery of
Comparative Example 2, the heat generation starting temperature of the positive

electrode was below 180°C. Moreover, the battery of Comparative Example 3 used
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the separator including no thermoplastic resin, and therefore a shutdown was not
effected.
[0106] [Evaluation of charge-discharge characteristics]

The nonaqueous electrolyte batteries of Examples 1 to 4 and Comparative
Examples 1 to 3 were initially charged by performing a constant-current and
constant-voltage charge so that a constant-current charge was performed at a current
value of 150 mA at 25°C until the voltage reached 4.2 V, and subsequently a
constant-voltage charge was performed at a voltage of 4.2 V. The duration of the
initial charge (i.e., the total charge time) was 12 hours. Next, a constant-current
discharge was performed on these batteries at a current value of 150 mA and a final
voltage of 3.0 V. Moreover, for each of the discharged batteries, a constant-current
and constant-voltage charge was performed (for a duration of 2.5 hours) so that a
constant-current charge was performed at a current value of 500 mA until the voltage
reached 4.2 V, and subsequently a constant-voltage charge was performed at a voltage
of 4.2 V. Further, a constant-current discharge was performed on these batteries at a
current value of 500 mA and a final voltage of 3.0 V. Then, the charge/discharge
characteristics of each of the batteries were evaluated.

[0107] As aresult of the evaluation of the charge/discharge characteristics, the
batteries of Examples 1 to 4 and Comparative Examples 1 to 2 had good
charge/discharge characteristics. However, the battery of Comparative Example 3
caused a short circuit during the initial charge and could not be charged. Therefore,
the subsequent evaluation of the battery of Comparative Example 3 ceased.

[0108] [Heat testl

For the nonaqueous electrolyte batteries of Examples 1 to 4 and Comparative
Examples 1 to 2, a constant-current and constant-voltage charge was performed in
such a manner that each of the batteries was charged at a constant current of 0.2 C
until the voltage reached 4.25 V, and subsequently charged at a constant voltage of
4.25V. The duration of this constant-current and constant-voltage charge was 8
hours. Kach of the charged batteries was allowed to stand in a thermostatic bath at
165°C for 3 hours, and the surface temperature of the battery was observed. Table 2
shows the results.

[0109] TABLE 2
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Surface temperature of battery after heat test
Example 1 No anomaly
Example 2 No anomaly
Example 3 No anomaly
Example 4 No anomaly
Comparative Example 1 The temperature was raised.
Comparative Example 2 The temperature was raised.

[0110] As can be seen from Table 2, no anomaly was observed in the nonaqueous
electrolyte batteries of Examples 1 to 4 during the heat test at 165°C. Accordingly, the
batteries of Examples 1 to 4 are superior to the batteries of Comparative Examples 1
to 2 in their safety when allowed to stand at high temperatures.

[0111] The invention may be embodied in other forms without departing from the
spirit or essential characteristics thereof. The embodiments disclosed in this
application are to be considered in all respects as illustrative and not limiting. The
scope of the invention is indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

Industrial Applicability

[0112] As described above, the present invention can provide a battery separator that
can constitute a nonaqueous electrolyte battery having excellent safety in a
high-temperature environment, and a nonaqueous electrolyte battery using the

battery separator.
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CLAIMS

1. Abattery separator comprising:

heat-resistant fine particles; and

a thermoplastic resin,

wherein a proportion of particles with a particle size of 0.2 um or less in the
heat-resistant fine particles is 10 vol% or less and a proportion of particles with a
particle size of 2 um or more in the heat-resistant fine particles is 10 vol% or less, and

a shutdown is effected in a range of 100°C to 150°C.

2. The battery separator according to claim 1, wherein a thermal shrinkage ratio

in a width direction is 10% or less at 200°C.

3. The battery separator according to claim 1, wherein the heat-resistant fine

particles along with a binder constitute a heat-resistant layer.

4. The battery separator according to claim 1, wherein the heat-resistant fine

particles are inorganic fine particles.
5. The battery separator according to claim 4, wherein the inorganic fine
particles are fine particles of at least one selected from the group consisting of alumina,

silica, and boehmite.

6. The battery separator according to claim 1, wherein the heat-resistant fine

particles are plate-like particles.

7. The battery separator according to claim 1, wherein the thermoplastic resin

constitutes a shutdown layer.

8. The battery separator according to claim 1, wherein the thermoplastic resin

includes polyolefin.
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9. The battery separator according to claim 1, wherein the heat-resistant fine

particles have an average particle size of 1 um or less.

10. A nonaqueous electrolyte battery comprising:

a positive electrode having a positive active material capable of intercalating
and deintercalating a lithium ion;

a negative electrode having a negative active material capable of intercalating
and deintercalating a lithium ion;

a separator interposed between the positive electrode and the negative
electrode; and

a nonaqueous electrolyte,

wherein a heat generation starting temperature of the positive electrode is
180°C or higher, and

wherein the separator comprises heat-resistant fine particles and a
thermoplastic resin,

a proportion of particles with a particle size of 0.2 um or less in the
heat-resistant fine particles is 10 vol% or less and a proportion of particles with a
particle size of 2 um or more in the heat-resistant fine particles is 10 vol% or less, and

the separator effects a shutdown in a range of 100°C to 150°C.

11. The nonaqueous electrolyte battery according to claim 10, wherein a thermal
shrinkage ratio of the separator is 10% or less at a temperature T C) that is 10°C
lower than the heat generation starting temperature of the positive electrode (where

an upper limit of T is 200°C).

12, The nonaqueous electrolyte battery according to claim 10, wherein a width of
the separator is larger than that of the negative electrode at a temperature T C) that
is 10°C lower than the heat generation starting temperature of the positive electrode

(where an upper limit of T is 200°C).

13. The nonaqueous electrolyte battery according to claim 10, wherein the positive

active material is at least one selected from the group consisting of the following: a
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spinel-type lithium-containing complex oxide expressed as a general formula
Li+eMne—M4 04 (where M! is at least one element selected from the group consisting
of Fe, Ni, Mg, Zn, Co, Cr, AL, B, V, Si, Sn, Nb, Ta, Cu, Mo, Ti, and W, — 0.1 <t <0.1, and
0 <x <0.6); an olivine-type lithium-containing complex oxide expressed as a general
formula LiM2PO, (where M2 is Co, Ni, Mn, or Fe); a lithium-containing complex oxide
having a layered crystal structure expressed as a general formula
Lia+aM32Mns5-5Nios-502 (where M3 is at least one element selected from the group
consisting of Fe, Mg, Zn, Co, Cr, Al, B, V, Si, Sn, Nb, Ta, Cu, Mo, Ti, and W, —0.1<a <
0.1, and 0 <b < 0.05); and a lithium-containing complex oxide expressed as a general
formula Liq+y+Niq—y—+g2Mna—y—-52M*0s (where M+ is at least one element selected
from the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, Sn, Mg, and Zr, — 0.1 <y <
0.1, —0.05 < <0.05,0<z<0.45, and — 0.24 < § < 0.6).

14. The nonaqueous electrolyte battery according to claim 10, wherein the

heat-resistant fine particles along with a binder constitute a heat-resistant layer.

15. The nonaqueous electrolyte battery according to claim 10, wherein the

heat-resistant fine particles are inorganic fine particles.
16. The nonaqueous electrolyte battery according to claim 15, wherein the
inorganic fine particles are fine particles of at least one selected from the group

consisting of alumina, silica, and boehmite.

17. The nonaqueous electrolyte battery according to claim 10, wherein the

heat-resistant fine particles are plate-like particles.

18. The nonaqueous electrolyte battery according to claim 10, wherein the

thermoplastic resin constitutes a shutdown layer.

19. The nonaqueous electrolyte battery according to claim 10, wherein the

thermoplastic resin includes polyolefin.
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20. The nonaqueous electrolyte battery according to claim 18, wherein the

shutdown layer is located on a negative electrode side.

Page 56 of 946



10

33

ABSTRACT

A nonaqueous electrolyte battery of the present invention includes a positive
electrode having a positive active material capable of intercalating and deintercalating
a lithium ion, a negative electrode having a negative active material capable of
intercalating and deintercalating a lithium ion, a separator interposed between the
positive electrode and the negative electrode, and a nonaqueous electrolyte. The heat
generation starting temperature of the positive electrode is 180°C or higher. The
separator includes heat-resistant fine particles and a thermoplastic resin. The
proportion of particles with a particle size of 0.2 um or less in the heat-resistant fine
particles is 10 vol% or less and the proportion of particles with a particle size of 2 um or
more in the heat-resistant fine particles is 10 vol% or less. The separator effects a

shutdown in the range of 100°C to 150°C.
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(57) Abstract: Disclosed is a nonaqueous electrolyte

battery comprising a positive electrode containing a positive

electrode active material capable of absorbing/desorbing

A lithium ions, a negative electrode capable of absorb-
15 W 9 s : ine lithium i

( {00 ( ing/desorbing lithium ions, a separator arranged between

7 the positive electrode and the negative electrode, and a

@ @ @ ~20 nonaqueous electrolyte solution. The exothermic onset

temperature of the positive electrode is not less than 180°C,

and the separator contains heat-resistant fine particles and a

thermoplastic resin. The heat-resistant fine particles contain

particles having a diameter not more than 0.2 ¢ m and

particles having a diameter not less than 2 (4 m respectively

in an amount of not more than 10% by volume. The

separator causes a shutdown over a temperature range of not
less than 100°C and not more than 150°C.
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HITFFHTRES NS D TR, VF VLR B, VFD L—REHCA—
IN—=Fx (U ERE | SR TOREMENERSNOHE THOIVUIFELEHATED
o T2 | AR DBERILFHR TIE. EREARHOE AL —F2H 2 T,
Z DA OFERR T DOV THERFCHIERITA2L | (R OIEKBIRIKE G T D4 FEE
RULFRT VFULKER, VF UL —KEH, A—/ 3%/ 0 27328) BMEz
TWBE TG - EEERAT22208C&5,

PUF . ARHOBEBSALFRE T O—FIEL T, VF UL R EMA~DHE AW T
FHRT B, VFUAZRBIMOERREL CiE, AF —UERT A= AMEREE S
EHEUTHEALERE (ARECHRERE) RERZEITOND, £o. &BEARAS
L7eFIR— R T4 NV DENIERE LT 7 — Ui 3528 TED,

EMREL TIE, FERDVF 7 L IR EMIZFAVOILTWDIEM, 7205, Lifd
L FTRE RIS A B8 T D IERR CHhIVITRHTHIBRIZ 2V, B2 01X, EAR
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IEYEIEL T LI MO (—0. 1<x<0. 1, M:Co, Ni, Mn, Al, Mg/a&) TRE
NOERBEDOV TV LEHER S EREY) . LiMn O RE DFusk O—ifi& 7t
T CEBRLIZALRNAE GOV F T L~ LY. LiMPO (M:Co, Ni, Mn,
Fe/pl) TREINDZAVE LV EULAE Y2 E FAVDI LB FRETH D, Lo ki
DYF v LG BB BRIEH O RMFILL TIE, LiCoO FLiNi_ Co Al O (0
. 1=x=0. 3, 0. 01=y=0. 2)RE¥DIFD>, 272{EHCo, NIBLUMnZ & el
1% (LiMnl/SNil/SCol/SOQ\ LiMn Ni_ Co O . LiMna/ENi”SComOjﬁ:‘:“) e
BHIRTHIENTED,

[0107] _EEIEMIESEICIX, EEBFIEL TR T Tl DRFBAEL BIUUR
AL HE =L L TRITZ AL =Y 7 2 (PVDF) 2287 v MR B3 B IMS L CTIERR S
PPRBIEND, ZOEMAE AL VT, BIZIXEEERD BIOEBIEE EH g
BREi D,

[0108] F7z, EMROEEFEMLEL TE, TAI=ULREDEBBOE ., NF LT AZN #E,
TF AN RAZNVIREZNRLD, BE . [BEHD310~30 p mDT NI=T LFHED
AV BNS,

[0109] IEMEMIDOY—NERIZ, @, IEARVERIRIC, BEAO—MIEREE S FEE
BT FICEBROBHEEZEL, 22V R TIZLICE>TRITOND, 7=
2L V=R Lb BB BRI EEIN2b DO THLHZ LT E REIN§
EBERICT NI LBIOEREER DR T DL Lo THRITTH &V,

[0110] AAMREL TiE, TERDUF UL KRBV TODSEME, 37205, Lifd
2 RIR L FTRE RIS M &5 A T 5 A THIVIRHTHIBRIZZ2 VW, FI2IX. At
EME LT, B, B RIRFH, o— 7281, FIRARIRFEE, AR S Tbd
MOBERAR, AV T —R~ A7 —X (MCMB) | [RFEMHERE D, VF U LER
B, A FTRBZR IR B RAM B TR E/Z X2 L LRSIV E, Fz, Si,
Sn, Ge, Bi, Sb, InZ2E¥ DT BIPEDOEE, VFU LG HE{LY, 213V FY
LEREBCH2E DVF U L& BICIEVKEBE CHRKB TEXALEY. bLUIVF
U AEBROVT T L TNAI=T AGELABIEMELEL THWDIENTES,

[0111] ZHOOAIEWE \EBIA (I —R T Fv Il ORFBEME2E) LPVDF
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fo112]

[0113]

[0114]

[0115]

REDNAAF =R ERMLUT-ABEH | BEEL T LU THIBR (B
EOEEFE) I BT b0, 20V iE, EREEGEVTF VA BOEE
I, HLITEBER LICREE LI ORERAMEL TRV LIS,

BRRICEBREAVDEAICIE, EBELL UL RSy A RIOE, ST
T RAZN R, X AN RAZN IR EE WSS, B, SiES VLG, 2o
FREERIL, SR —BEOBMELEL-OICABERDELEEHTD
BE . EHDO ERIZ30 u mTHBIENHFELL, FRIZ5S u mTHHZENEEL
o Tz, ARBMOY—FEE, ROV —REMERRICU TR T IUEL Y,

Hix, EFUIEMRE ERRAmEE ., ARHOE L —XE AL CHRE L= BB E
R0, BIZZNA BB LI BARRBROEEBCHWAZ LR TS,

KRB EL T, BIR L7250, VF U A A2 T I R LT sk 53
WHID, UF 7 LEELTHE, L Ol CLi A 2L, e LA
SNAHEEEIH CTHiRRE DRI IS ERIUIZWS D THIUTRFZHIFRIZ I,
#2 1, LiClO | LiPF , LiBF . LiAsF , LiSbF_ TR L DRV T T LM LiCF S
O .LiCF CO_LiCF (SO) .LiN(CF SO) .LiC(CF SO) .LiCF _ SO (
2=n=5), LIN(RIOSO)) [ZZTROIZNVAGT AFNIE) 728 DFMEI TV LK
REEHNDZENTES,

FERERW A OCHEBELEL L T, ERVFULEEEFEL . Bl U T
SNBEEFTA TR E ORI E RIS OS DO THIVZFFIZERES IRV,
FIZIE, =F LB —RF—b, 7L —RF—h, TFL o h—RF—h =
L — AR —MNRE DRI — AR —b, PAF NI —FRR—h, PF A —HRR
—h AFNZFNT =R R =2 EDFRI — R R—b, FaF L BRAF NI2ED
GPRE=ARAT N vy —TFaTFIRREDERIRT AT DA E | VT
=T 1, B=UFRITU DT TAL NI TAL, TITTFTALIRE DEF R T —
TN VAR TRIERuT I 2= AF AT IeRaT U R EDRR T —T L
T ER=RNIA et =N AN T et = NV E ORIV, =F L
ZVa— VYN T 7 A N2 E DM AT VR ERNZET b, 2B R
BLTHWAZLELTED, LY RIFRFHEOBMET DO, =F Lo —R*R
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—FEER I — AR R — e DIBGEERE | SWEERE[LIEN TEOMAED
B THOWAIENEELW, T2, THODOEMFI R EMCH B A7, &
RS Vo Tefi a2 m ESEDH T, B2 —AR R —ME, 1, 3— a3
YN DT 2= VD ANT 4R, Yy BT =)V A as B,
t— T FN_RBREOTFRMAZEEMZHZEHTED,

[0116]  EFEVF T A OHKEBMRE T TORELLTIX, 0. 5~1. 5mol /LETHILER
IFELL, 0. 9~1. 25mol /L&THZEBIVAFELYY,

[0117]  _EREOISLRIEMEME S HEEE T2EMERS. AEWE S H)E2H oA
X, BT, EREEFIZN — AF /L —2— ' nU Ry (NMP) 728 ORI A 8EE T
RDIERRIE Y E 5 B (RTV—72L8) 0, ABERIZNMPZRE DY
BT BEE TRDA BTG B B R L (AT —728) 2B BAIK EIC8BAL
BT DI IVERIEND, ZOBE . BIAIR. IEAREYE & A JE R R
W R B BITBAL . R S SRS, BT OHE 11— 2GR
A B L OE 22 L — 2 BT DA 72 b —HFE AT 528128D
LIERRE, E1E S — BRI gL —F g0 — b E T
HZENTED, Tz, ARG E 56 R 2R EAR EICBAAL ., %
B DS REEET DRNC, 1 L —F R B L OE 2= S —Z E AL
TR D72 b —FH A THI LI, AL, Bl L —ZERBLU/
FITE 2N —F G D — M E LT HIENTESD,

[0118] AFEHOBIIFR T WX, ERRYFUVLTREM) X, ERROIDITERE
RS LR — R T DI LI IVBLE T HIER TED, Te. ARPIOERL
FRTIEEROBRILFRTHRAVON CW A EAREFCHARICEN 752
ERTED,

[0119]  PAF. EHEFNZEASW TR ZFEMITIR D, 72720 . ARPUT T HmEsI
FREZNDHDTIEAR,

[0120]  ASHEHICIT DMIRBOMBEB SLUB I, B OFIEICLY, Bk D= (1
) ~(NZE SV TRO OGN E CTHD, T, FEMHFITRITE LB L —F )
BROFE2E L —FJ BT 58 B OERE A FIT, L AUEEAE CRfm) &
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[o121]

[0122]

[0123]

AL TWBBEEITIE, 2O FEEFREBR BGOSR OREEH
FThD, BT, FRIEHTRIBIBAORK (FARIRE) BLUBEBOTgX, W
THHIIS K 712108 EICHEC T, DSCEAWTHIELZETH S,

<BLEH)1 (BARBOIERD >

BTG E CThHHEM  95E EHE, (¥ —ThbOHPVDF : 5H E#LEZ NM
PEBALL TH—IZR25IDITIRA L TRBREAIE A X — A HBL 72, ZOAkE
BHREGEHAL— AN, BEERLRDEE10 p mOSEOWE I, IEMEBAE’E
E320mm, EHE260mmiZRDIDICHRBAAL ., HefRL7ete, L& — A%
1T> T, £ED142 p miZRDIDTABEAE DR AL HEL | E45mmIT25 &
SUZHIWIL T, &£E330mm, ME4A5mmO AR ERIL 7=, BT, ZOAMDETHED
BB F T 2L CU—FEE LT,

< BlEH12 CERBROERD >

TR AT CHDLICoO 85T BHE . HBIAI THLT TV T T : 105

B, BIOSAF —ThDOHPVDE : 5 H Eifia . NMPEZEAILL TH—IZ25 X
NTRAL T, IEBEAIEGH X—AMRRL 7, ZON—Aba, BERLRDESL
5y mDTNI=Y LEOWEIZ, IEWEHBAAR PR ME319~320mm, HEHE 258
~260mmiTARDINCEREAM L, B L2, DL ¥ — B A T> T, 2JER1
50 u miZRDINTIEM S A DIEHZEL | 1B43mmIiZRD5IDIZEIRIL T, &
&330mm, PE43mmDIEMREERILz, B2, ZOIEBD T AI=0 L5 O 58 HIES
WCH T BB U —FEE LT,

(S2hERI1)

BUEGH T TERIL 7 A O M #E 2, PERCKL T- CEEPRIEEL o m, @R 125°C) DK
SR (B 53R E40H B %) IR (1 —A) 127V —Fa—Z— 2LV 8BAA
L CHZIREL . JEA5 p miZRDI0IZ, BIIEATHOPEZ KR ETDH 1 L—F
AR LU, £-, BLEFI2 TERIL 72 ERBO M E 2 FERIC . A5 u mo, #if
JEATHLPEMK -2 EHRET 551 L —F @R R LT, A LI OEME
RIZBRLEE 1L —F 8L, BIIEATHOPERRL 7O AIZIVEBRS N TRY
BB E I BT OBIRADKER G A RIL100% TH D,
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[0124]  IT, PECKL T CERIZRL um, iR 125°C) DAL Bk (B4 IR E40H &
%) 2000gt =& ) —)L-800g LA FERIZ AL, F AR $—T, 2800rpmDEAET1
REIBHPL TS, B, 747 —&LTY YN (SIO)) $8oki7 CTEIRIEE: 0. 4
m. BIEESYAR : 0. 3~0. 7 um) 2400g, /A& —L LU TH 287 27U A8
TN TVarEEESEEL T4 — 100 B ICx L T3 ERIC/e D X0z
T3RFMIHIRL T, B—7R ATV —ROWIRK (2— A) 1572, ZOWRIRF
(2—A) T, ZHERERERDIELH15 p mOPPELLN T u—REgfi @l
Flx BEFBAAICKOEIREY (2—A) ZBAT LIt B35 81210, Rk
DZEBRNIZHIIEA (PE) BL U747 — CUMIRL T) &AL, Sk T4 E
LT oE2E L —F g L2 DL FUENE (420 u m) 21572,

[0125]  AHEHEFI TR VAR 713, SEMBIZZIT L DME RDOAIRBL 74 25785
% B A CUND, $7-. PEDES1. Ogcm’. SUXDHER2. 2g cm’, 72U
MR DHEA 1. 2g/ cm’ L CEIMLIZHE2E L —F & h LV ks - 047
EHRIL, 58% ThD,

[0126]  EREHFE1E LV —F@E2 A TOEMBIVCLERBIE SV —FEE2H T 5 MmEIE

H2 L —FE LR DL UVEBAIREIRIE B L CRREIEEBELZERILZ, &
DOEBIBBAZ LSS TR ITHRICL, BMASNICEEE L, $0. FKE7
WELT, =mF LB —RR—heZFNAF VI —R R — il 1: 2 CRA L
WIEZ, LiPF %1. 2mol /LOJRE CHMSE Ik e el L7z, LRtk
Wa FRLEBMANICIEA LR, B2 To T, VF UL TIREME LT, 7238, A%
HENZ BT D —2iX, BB ER IO ERRAMS EIZERLIEFE 1S —
ZgL, R EM LU 2 L —2 )8 (ZILER) O F 2 &b ehE
B (B ROBEHEFNBDTS, FETHD, ).

[0127]  (ZEhEHI2)

SYBPRLTATARZ T, BORT VT (AL O ) PERL T CPIRIEE2 pm, TR
E50) 24400g AV = LASM T, SEHEHI 1 OWCRKEL (2— A) LRIFRIZLT, Kk
KRR (2—B) ZFRBIUT=, WORAL Y (2 —B) LR HF1 1T L7z ieif sk (1
—A) &% BT A EICT AE2 82 e Aa—F—%EF T, E#H18
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p mOPETRNRARREAR (26 LB B O I FIRFIC B 3524 T BIBAT
HLHPEEZ EWRLETHHELIE L —FgL, 747 —THOIBIRT VI T IRBL T2 KL
TOHE2EANV—ZELE /T O ILERES, Bl —FERBIUE2'N
L —ZE DRI, TN ENEBLE10 t mThHoTz,

[0128] PE®DHEAE1L. Og /cm’, 7A3IFDHEE4. Og/ cm’ L TEILEE2E L
— & @ OBAIRT VI T PRI - OHEFEEH RIL, 58% TH D,

[0129] BUEHIITERL-AMmE, B AUERE, BEF2TERLZIEMREE, B
ZHEBEOE 2 L —F BB AN E/2D I ICERE D, #ERICEERIL
CEEIEMBRELAERIL T, ZOBBIEMARAKE V2 LMT, EZHEf)1ERkIZLTY
FULZIREMEERILTZ,

[0130]  (S2hEH13)

747 —EUTHRIRN—~ A~ CPEIRIRL p m, 7 A7k 10) 1000g% 7K 1000

g, BT AU F —E L TSBRIT 7 2120g%MZ TH—ITHEEET

IR (2 — C) R BU 7=, WML (2— C) FIZE 5315 p mDOPPHRIA
NNT e — A (B FUBEEA) 2L, 51& BIF B Ic Lo (2—C) %
WALt BeE D82k, R DZERNIZT 4T — (BRIR_—~ AN 2 E&H

L. ZOBKAN—< A 2R T2 L —F @ LR 52 FUE B (B4 20 1 m)
B3, COBFERE . FHEFI1 TR LR (1—A) Pzl ., 5l k
TEBEAGICROIRAL R (1 — A) ZBAA L7tk T 228128y, FH2e v —%
J& DFRET HIZHAEA ThHOPEMBL 72 ERET2H 1B L —Z g2 FH 5% 1L
B E T,

[0131] SBRODEZEO. 97g,/ cm’, N—< A DHEES. Ogcm’ L THILEZE 2
L —F g T ORRRAS—~ A DOEFEEHRIL, 87% TH 5D,

[0132]  EFEZALEBEE AW LIAMT, FEEFI2EFRICL TUVF UL R EMEERIL 72

o TRE | ARFESEFHI DT L —FIZOUNT, BT, 150 CETMEL TEIRETHA
L7z #IC, oWk % EEHE T- M CBISR L =25, B L —FXOKEIZ, F
1/ —2JE OPEMCRL T ORI KOS NI RS TEEL COD T a2 fead L
7=
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[0133]  (S&fEfHi4)

FEFI 3 THRBIL 7B (2—C) 12, BIZZEEPMMA CEERIR0. 4 um
+B =0. 5. B =4, Tg:105°C) DR i (F# 57 LR A0E £ %) 233022
B — 125 BE S TR (2—D) &Lz,

[0134] KA (2—C) DRDVITHARMEM (2—D) Z AV LM T, FHFISEF
FRIZL T RIRAN—~ A EHRELEITHIEB THOLRBPMMAL G H T 552k
N —ZFOFREMEIZ, BIEATHOPEMB T2 XT3 H 1L —Z)Egsn
BT 52 VBERES T, ZOZAVBERE WL, Ef2E Rk TIFY
LR EMAERILTZ,

[0135] SBR®OESO. 97g, cm’, X—<ArDHES3. 0g, cm’, ZHEPMMAD I
FEx1. 2g/ cm’ELCE LIS 2 L —2 & T OMR S —~ A "D R & A R
X, 68% TH2D,

[0136]  (S2hEHI5)

HIEBCTHLAMEPMMARRL T- CFKIEO. 1um, B =1. 0. B =5, Tg:85
C) DA ([EE57 R4 B %) 1000812, /A F—L U TEIEFI3THW
72bDERIESBRT T v 7 A100g% M A B —IZ72 D X2 WS TR e (1
—B)¢L7z,

[0137] WKL (1 —A) DRDVIZHIRFHE (1 —B) Z W2 LIS, EhaFI3L R
BRIZLU T RIR AN —~ A 2 R ET2F 28— g OREMEIZ, HIEBTH
HIEREPMMAMCE: 7% k355 1L — X @5 T 52 JLUEEE B, =
ZHEREE FAVWZEIAM, FhEFl 2L kL TIVF 7 A R EMEERL -,

[0138] SBRODILEZO. 97g cm’, ZAEPMMADES1. 2g/ cm’ L CHRINLZH
1L —F @ T OZUGEGPMMARKL T OERFE S A X, 89% TH 5,

[0139]  (ZEhEHI6)

T4 —¢L T, EMFI3THW =L DERITHRIKR A —~AhE, BRI DR —
<A CFEIRIAR0. 8 um, TANZR50) &%, B EHET4: LIKRALZRAYE
FAWTZ LIS, RG] SOWRRAL LY (2—C) LRARICL THRRHLEE Y (2—E) %
AR, ZOWRARKEEA (2—E) 1, A EERERDEZH315 u mOPETH
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WARREATZBL, 51& LT BAICIVBIRKER (2—E) 2B L%, 82
ZEITEY R DZERNIC T 4T — BRIRN—~< AN ZEF L. ZOBRRAN—~A
MM EERETHE2 L —FEERDZ VAR (420 um) 21572,

[0140] SBRMDILEZO. 97g/ cm’, N—<A D EE3. Og cm’ L THIHLZSE2E
N —Z G R ORRA—~ A DO EHFIL, 87% ThH D,

[0141] 7=, HEhEFI1ERBRICL T, BEHI 1 TERIL 7= AMBO M ISR (1— A
YEBAAL., HoRL T MIEA THOPEMKL 72 RS T D518 L —ZgE TR
L7,

[0142]  LEdAMEBLEFI2 TR IEMEE RS FUERE L CERADLE, 5
RICEERIL CREIEBARZ/ERIL 72, ZORBEIEMAE AV ZLIAME, Fhafi1s
FERICL CUF UL R EMEERIL 7,

[0143]  (S&HEH17)

747 —EU T, Ehaf1 THWZLOERIC S UAPRL T-1000g% AV, ZitgKl
000g FITABE BT, BT, A F—L LT, EHFISTHWZLDEFITUSBRS
T I A%120gMz B—IZHEEE TR (2 —F) & LT, 2O
(2—F)ITEHA15 p mOPPELUL N o— Rk (L FUE EK) 2\l ., 31& ki
AR LA (2—F) 28A L7 % i 2R (1—A) 24
AT —Z—ZAWTEAL., ©RL T, BIEATHLIPEMBL 72 FEHRETDHE1IE S
L—&gl, 745 —THLHVIIRL T BRIRDb D& G Te) KL T DHE 2L
—F @l L EE(EA23 um) 2157,

[0144] SBRODEZO0. 97g, cm’, YUADHEL2. 2g cm’ L THEIL-E2E L
—Z G OV ITERL T OB HRIL, 90% ThHD,

[0145]  _EFeZAUEREEFWZLSML, EHEFI2EFBRICL TUF 7L R EMATERL 72

[0146]  (S2hEfI8)
AL E —THDHEVA (BFEE =/ H R OEIEHAT A 341 %) 100g., BEUh
N 6kg B BAFICAIL W—ITBMF T2 E TRIRICTTHA L, B, #iEALL
T. PE#&CKL T CEY¥RIAR5 1 m, @A 105°C) 1kgZ M Z., F 4 A2 $— T, 2800rpm
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DEAFETLRFRBR L TOBE ST, FTIZ, TAIF kI T CEH¥RIER0. 4 um) %1
kgl Z., L TR (1 —C) AR 7=, BeRAHLEM (1 —C) & a1
ERRICELER 1T THERIL 72 BB O M i ZEBAA L, #2858 L T EAH 2310 v mod, A
JEATHLOPEZ EERELBICTNAITIRL 72 a8 A T5E 1 v —Zgaffe
IR L7,

[0147] PE®DHEA1. Og cm’, EVADESO. 94gcm’, 7AIF D EE4. 0g,/
cm’ L TE LA E 1 5L — 28 T OPEKL T OEE & A RIT, 74% Th D,

[0148] Wiz, BIEFI2TERIL /2 IEMO M E 12 RS (2—C) 271 —Fa—&—
VT, BRRIREDE L3100 p miZRDIITBARL , #iEL T, 745 —ThHDHIK
PR —< A 2 E KT BE 2L —ZEE2 TFRRE FICER L,

[0149] BRI L —FEERBRLIZAmEE 2 L — 22 B LT EARL 2 EH
B WMERICERIL TREIEARKRLZERL 72, ZO&BBIEEREE T2 LISME
 EhEF 1 ERRRIZL T F U AR EBIAERL T,

[0150]  (S2HEH19)

WAL (1 — A) 1kgiZ |, BITT A FTPORL 7 CEEPRIEEO. 4 1 m) 2400gM%

B BEEE TR (1 — D) AR L 7=,

(01511  #EPSHEY (2—D) HiT, JEA 315 u mDOPETHENE X AREAT (B FLUEIR) 28
L. 51& BT BAAICLOBRIRALERY) (2— D) 28AA U721 . #3502, BITHIR
M (1 —D) X A2 —F—% AW TEAL CTHEL ., BIEATHDPEHKL 7%
FEHRELEBIZTAITERL T2 H T5F 1L —F ) B LUK —v A =
HRLLHEIZHIEB THLRMBMPMMALZ GH 35528 L —2@a2H 5L fLEE
(B#H20 pm) 287z,

[0152] PE®DHEE1. Og cm’. 7AIFTDHER4. Og,/ cm’ L TENLEE 1B L
— & J& h OPEFRL T- DR A R, 80% TH D,

[0153]  EREZAVEEEZ FAWZLISME, EEFI2EFRICL TUVF UL R EMEERIL 72

[0154]  (S£5Ef]10)
TR T CEEPRIAR0. 3 1 m) 1kgx /K 1kg Tz EE TATY—2 AL
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7oo ZDATV—IT, BIZNAH —L L TH BT 27UV IR~ ar (Ef
S HeRASH 5 %) 2 100gM 2 THHEL . #IRH ) (2 —G) i RLL 7=,

[0155]  BLEHI1 TERL-AROM EIZ, B (2—G) 27 L —Ra—Z—iZdY
WAL CHABRL , JEAD5 u mITARBE N, 74T —THIT AIT R T2 ke
TEHE2E L —FEE LT,

[0156] AV HF—DERL. 2g/ cm’, TAIF Dl EE4g cm’ L CEMLEE2E
NL—F @R OT NIF PR T- OEEE A FIL, 87% ThHD,

[0157] 7=, WM (1 — A) 1kgls, BICEEFISTHW LD LR RA—~<1h
1kgZMZ ., B—ITHBEE TR (1 —E) 28U 7=, oKL (1
—E) FIZEAD15 p mOPPELALVE 7 a— R iAm (S FUE ER) Z@L ., 51& ki
BATIZEOHRCIH Y (1 —E) Z8AA L7t Bef 5281280, TRk D2 N
(ZHHIEA (PETRRL T-) BIOBRIREL T BRIRN—~ A1) 25 H L. PETRRL 72 FEK
LT DE1IE L —FG LD L UB I (£ 420 um) 215372,

[01568] PE®D&E%E1. 0g/ cm’, N—<ArDHEX3. 0gcm’ L THILEH1E/<
L — &)@ T OPEKL T DS A R1255% T, IR —< A hOERE S A Rita
5% THD,

[0159]  LkidAmRLBLEFI2CIERIL = EMEE EEd 2 FUERREEZ /L CERADE, 5
WITEBEIL CREIEBAZMERIL 72, ZO&RBEIEMAZ A2 LISME, EiEF1e
BRI TUF 7L REME BRI,

[0160]  (S2hEHI11)

WORARL R (2 — C) TITIEA15 p mOPETRIE A ARREAT (ZFLE EAMK) 2@l
Fl& B BAICEOBIRMRY (2—C) 2BA L7215 Bl 22812k, Rk
DZERRNZT 4T — (BRIRS—< AP ZEH L RSN —~ A R ET 5521
L— 2 gL 5% FUBE MR ((EH20 pm) 21572,

[0161]  HHEBTHLRMPMMA CFIRAEE0. 1 pm, B =1. 0. B =5, Tg:85%C) DK
Syl (B4 e 3RA0E B %) 1kgil, /\4/5'~—2:L*<;i§15@{ﬂ3<ﬂ§mf$®kﬂ
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