UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

14/238.,643 02/12/2014 David Ofer TIA-10102/57 179925

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 12/08/2022 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

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

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

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: /Weston Gould/
Name: Weston Gould
Registration Number: 59142

POSCO Future Mv. TIAX LLC
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

14/238.,643 02/12/2014 David Ofer TIA-10102/57 179927

Acknowledgement of Loss of Entitlement to Entity Status Discount
The entity status change request below filed through Private PAIR on 12/08/2022 has been accepted.

CERTIFICATIONS:
Change of Entity Status:

X Applicant changing to regular undiscounted fee status.

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

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: /Weston Gould/
Name: Weston Gould
Registration Number: 59142

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

14/238,643 02/12/2014 David Ofer TIA-10102/57 87402

Acknowledgement of Loss of Entitlement to Entity Status Discount
The entity status change request below filed through Private PAIR on 05/08/2019 has been accepted.

CERTIFICATIONS:
Change of Entity Status:

X Applicant changing to regular undiscounted fee status.

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

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: /Weston R. Gould/
Name: 'Weston R. Gould
Registration Number: 59142

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/238,643 12/08/2015 9209455 TIA-10102/57 1064
25006 7590 11/18/2015
DINSMORE & SHOHL LLP
PO BOX 7021

TROY, MI 48007-7021

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 117 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

David Ofer, Needham, MA;
Adrian W. Pullen, Boston, MA;
Suresh Sriamulu, Arlington, MA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

POSCO Future Mv. TIAX LLC
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

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

Note: A certificate of mailing can only be used for domestic mailings of the

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

2D’/IgIIS¥ORg & SHO,HL LL,P Certificate of Mailing or Transmission
P roy Center Drive, Suite 330 I hereby certify that this Fee(s) Transmittal is being deposited with the United
TOSt Office Box 7021 States Postal Service with sufficient postage for first class mail in an envelope
roy, Michigan 48007-7021 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (§7 1)273-2885, ,mqate indicated below.
/ iAnn And;(fsijk / . il) } (Depositor’s name)
Z/),(x\. (A_MW (Signature)
i November 3, 2015 (Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATIONNO. |
14/238,643 02/12/2014 David Ofer TIA-10102/57 1064
TITLE OF INVENTION: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES COMPRISING THE
SAME
|_APPLN. TYPE_| ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV.PAID ISSUE FEE | TOTAL FEES)DUE |  DATEDUE
nonprovisional SMALL $480.00 $480.00 11/13/2015
| EXAMINER | ARTUNIT | CLASS-SUBCLASS |
P. F. Godenschwager 1767 252-182.100
I. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address" (37 CFR 1.363). (1) The names of upto3 registered patent attorneys 1 Dinsmore & Shohl LLP
Change of correspondence address (or Change of | or agents OR, alternatively,
Correspondence Address form PTO/SB/122) attached. (2) The name of a single fim (having as amembera 2 _ Weston R. Gould, Ph.D.

I:] "Fee Address" indication (or "Fee Address” Indication form | registered attomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a | 2 registered patent attomeys or agents. If no name is 3
Customer Number is required. listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
TIAX LLC Lexington, Massachusetts
Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual Corporation or other private group entity El Govemment
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [:] A check is enclosed.
[:l Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.
I:I Advance Order - # of Copies D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number  04-1133  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
D Applicant certifying micro entity status. See 37 CFR 1.29 ~ NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.
D Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken to
be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

D Applicant changing to regular undiscounted fee status. 4 £
entity status, as applicable.

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

Authorized Signature /Weston R. Gould, Ph. D./ Date  November 3, 2015

Typed or printed name Weston R. Gould, Ph. D. Registration No. 59,142

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

14238643

Filing Date:

12-Feb-2014

Title of Invention:

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF,

AND ARTICLES COMPRISING THE SAME

First Named Inventor/Applicant Name:

David Ofer

Filer:

Weston Gould/Ann Andrusiak

Attorney Docket Number:

TIA-10102/57

Filed as Small Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in

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

Utility Appl Issue Fee 2501 1 480 480

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 480

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
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Electronic Acknowledgement Receipt

EFSID: 23968565
Application Number: 14238643
International Application Number:
Confirmation Number: 1064

Title of Invention:

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF,

AND ARTICLES COMPRISING THE SAME

First Named Inventor/Applicant Name:

David Ofer

Customer Number:

25006

Filer:

Weston Gould/Ann Andrusiak

Filer Authorized By:

Weston Gould

Attorney Docket Number:

TIA-10102/57

Receipt Date: 03-NOV-2015
Filing Date: 12-FEB-2014
Time Stamp: 10:30:40

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $480

RAM confirmation Number 9125

Deposit Account

Authorized User

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

POSCO Future Mv. TIAX LLC

POSCO Future M EXT005
Page 8




File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
doc00386620151103102816 128965
1 Issue Fee Payment (PTO-85B) o¢ df ’ no 1
p fec7b9a170bccdebd44a8604014c04¢2130}
63ba
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

30772
2 Fee Worksheet (SB06) fee-info.pdf no 2
«d715038d226abc583¢2e0f735072d99625
f6e2
Warnings:
Information:
Total Files Size (in bytes); 159737

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

25006 7590 08/13/2015 | EXAMINER |
GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P.C GODENSCHWAGER, PETER F
PO BOX 7021
TROY, MI 48007-7021 | ART UNIT PAPER NUMBER |
1767
DATE MAILED: 08/13/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/238,643 02/12/2014 David Ofer TIA-10102/57 1064

TITLE OF INVENTION: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES COMPRISING THE
SAME

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

nonprovisional SMALL $480 $0 $0 $480 11/13/2015

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

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

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

malntenance fee notifications.

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

25006 7590 08/13/2015

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United

GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P States Postal Service with sufficient postage for first class mail in an envelope

PO BOX 7021
TROY, MI 48007-7021

addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/238,643 02/12/2014 David Ofer TIA-10102/57 1064
TITLE OF INVENTION: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES COMPRISING THE
SAME
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 30 $0 $480 11/13/2015
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GODENSCHWAGER, PETER F 1767 252-182100

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

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

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE

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

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

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

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

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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

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

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

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

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3 POSCO Future M v. TIAX LLC
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/238,643 02/12/2014 David Ofer TIA-10102/57 1064
25006 7590 08/13/2015 | EXAMINER |
GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P.C GODENSCHWAGER, PETER F
PO BOX 7021
TROY, MI 48007-7021 | ART UNIT PAPER NUMBER |

1767

DATE MAILED: 08/13/2015

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

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

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

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

Page 3 of
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

The information provided by you in this form will be subject to the following routine uses:

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential V1013E8g C(,)(g l_alm Per“ﬁe\gqlﬁ&o& c
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Application No. Applicant(s)
14/238,643 OFER ET AL.

. oy [ i AlA (First Inventor to
Notice of Allowability E)I?I'ITE]Q eFr GODENSCHWAGER ?;:sl; " File) Status
No

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

1. X This communication is responsive to the claim amendments filed October 13, 2014.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-13 and 15. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitp://www Lsplc.govipatents/inil_events/gph/index.jsg or send an inquiry to PPHisedback@ysplo.aoy .

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

a)[dJ Al b)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. { Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 2/12/2014

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/PETER F GODENSCHWAGER/
Primary Examiner, Art Unit 1767

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150806
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Application/Control Number: 14/238,643 Page 2
Art Unit: 1767

The present application is being examined under the pre-AlA first to invent provisions.
ALLOWANCE

Claims 1-13 and 15 are allowed.

The following is an examiner’s statement of reasons for allowance: The closest prior art,
Shizuka et al. (US Pub. No. 2009/0104530), teaches a powder (particles) comprising a first
composition having a lithium transition metal oxide including nickel that is layered and has an a-
NaFeO, type structure (abstract, [0356]-[0361]). However, Shizuka et al. does not teach the
particles wherein the grain boundary between crystallites comprises a second composition
having a concentration of cobalt greater than the first composition. A search of the prior art did
not reveal any teaching or suggestion to modify the particles of Shizuka et al. such that the grain
boundary between crystallites comprises a second composition having a concentration of cobalt
greater than the first composition.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Correspondence
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to PETER F. GODENSCHWAGER whose telephone number is

(571)270-3302. The examiner can normally be reached on Monday-Friday 7:30-4:00 EST.
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Application/Control Number: 14/238,643 Page 3
Art Unit: 1767

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Mark Eashoo can be reached on (571) 272-1197. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

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

/PETER F GODENSCHWAGER/
Primary Examiner, Art Unit 1767
August 6, 2015
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14238643 OFER ET AL.
PETER F GODENSCHWAGER 1767
CPC- SEARCHED
Symbol Date Examiner
HO1M 4/364, 3/366, 4/525 8/5/2015 PFG
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
inventor name search (eDAN) 8/5/2015 PFG
EAST search (see attached) 8/6/2015 PFG
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
HO1M 4/364, 3/366, 4/525 8/6/2015 PFG
/P.F.G./

Primary Examiner.Art Unit 1767
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;055645 OFER ET AL
H““H““ “W““ ““H“““ “‘“ m “‘ o o

PETER F GODENSCHWAGER 1767
CcPC
Symbol Type Version
HO1M 4 F 2013-01-01
CO1G 51 | 2013-01-01
CO1G 51 | 2013-01-01
CO1G 53 | 2013-01-01
HO1M 4 A 2013-01-01
HO1M 4 | 2013-01-01
HO1M 10 | 2013-01-01
Co1P 2002 A 2013-01-01
Co1P 2002 A 2013-01-01
Co1P 2004 A 2013-01-01
Co1P 2004 A 2013-01-01
YO2E 60 A 2013-01-01
Co1D 15 | 2013-01-01
HO1M 2004 A 2013-01-01
CPC Combination Sets

Symbol Type Set Ranking Version

NONE

Total Claims Allowed:

14
(Assistant Examiner) (Date)
/PETER F GODENSCHWAGER/
Primary Examiner.Art Unit 1767 08/06/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20150806
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14238643 OFER ET AL.
Examiner Art Unit
PETER F GODENSCHWAGER 1767

US ORIGINAL CLASSIFICATION

INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS CLAIMED NON-CLAIMED
H| o] 1 4/52 (2010.01.01)
H| o] 1 4/525 (2010.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE

Total Claims Allowed:

14
(Assistant Examiner) (Date)
/PETER F GODENSCHWAGER/
Primary Examiner.Art Unit 1767 08/06/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20150806

POSCO Future Mv. TIAX LLC

POSCO Future M EX1005
Page 19




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

Issue Classification | ;055645 OFER ET AL

H“m m“ ‘““ H“‘ “m m“ “ “‘“ m “‘ o o

PETER F GODENSCHWAGER 1767
O Claims renumbered in the same order as presented by applicant O CPA O T.n. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 17

2 2 18

3 3 19

4 4 20

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

14
14 15
16
NONE
Total Claims Allowed:
14

(Assistant Examiner) (Date)
/PETER F GODENSCHWAGER/
Primary Examiner.Art Unit 1767 08/06/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1

U.S. Patent and Trademark Office

Part of Paper No. 20150806
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 1064

SERIAL NUMBER FILINE):‘uAgl_rE 371(c) CLASS GROUP ART UNIT ATTORN'\IJE(\)( DOCKET
14/238,643 02/12/2014 252 1767 TIA-101 b2/57
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Verfied and GODENSCHWAGERY MA 9 19 3
Acknowledged Examiner's Signature Initials
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Raceipt date: 02/12/2014 14238643 - GAU: 1787

PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

Substitute for form 1449/PTO Complete if Known
Application Number Not Yet Assigned
INFORMATION DISCLOSURE Filing Date Concurrently Herewith
STATEMENT BY APPLICANT  [Frsthames ivenor | David Ofer
Art Unit N/A
{Use as many sheets as necess ary) Examiner Name Not Yet Assigne d
Sheet 1 of 2 Attorney Docket Number | TIA-10102/57
U.S. PATENT DOCUMENTS
Document Number i Pages, Columns, Lines, Where

Exami Cit - Publication Date Name of Patentee or
In)i(t?ar{:fer Nf’ Number-Kind Code? (K77 | MM-DD-YYYY Applicant of Cited Document Relevan;gi?;:%%sng:{elevant

AA*  [US-2005/0181280 08-18-2005 |Ceder et al.

AB*  {US-2009/0104530 04-23-2009 |Shizuka et al.

FOREIGN PATENT DOCUMENTS
p Publicati i

Examiner Cite Foreign Patent Document u%l;a{emn l\_lame of Ea(entee oF Wiaegi:s Rgg:;:? za‘:::;es T
Inttials” No.' | CountryCode®-NumberKind Code® (F known) | MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear

BA JP-2008234872-A 10-02-2008 |Sony Corp +

BB KR-1020100099668 09-13-2010 |Sony Corp. _\/_
Examiner Date
Signature /PETER GODENSCHWAGER/ Considered 08/06/2015

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. * CITE NO.: Those application(s} which are marked with an single asterisk (*) next
to the Cite No. are not supplied (under 37 CFR 1.98(a){2){iil)} because that application was filed after June 30, 2003 or is available in the IFW. 'Applicant's
unique citation designation number (optional). ? See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued
the document, by the two-letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. % Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if
possible. sAppiicant is to place a check mark here if English language Translation is attached.

POSCO Future Mv. TIAX LLC

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /pg/ ' O°CO F”t“re'\"lf;geogi



Raceipt date: 02/12/2014

14238643 - GAU: 1767

PTO/SB/08b (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB controt number.

Substitute for form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Complete if Known

Application Number

Not Yet Assigned

Filing Date

Concurrently Herewith

First Named Inventor

David Ofer

Art Unit

N/A

Examiner Name

Not Yet Assigned

Sheet

2

of

2

Attorney Docket Number

TIA-10102/57

NON PATENT LITERATURE DOCUMENTS

Examiner
Initials

Cite
No.!

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

TZ

Examiner
Signature

/PETER GODENSCHWAGER/

Date 08/06/2015

Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through citation if not in conformance and not

considered. Include copy of this form with next communication to applicant.

"Applicant’s unique citation designation number (optional). “Applicant is to place a check mark here if English language Translation is attached.
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

d United States Patent and Trademark Office

s P.0. Box 1450
Alexandria, VA 22313-1450

M A [I ﬂ__' E @ www.usplo.gov

GIFFORD, KRASS, SPRINKLE, JUL. 28 2015
ANDERSON & CITKOWSKI, P.C. o
PO BOX 7021 :
TROY MI 48007-7021 OFFICE OF PETITIONS

: DECISION ON REQUEST TO
In re Application of : PARTICIPATE IN THE PATENT
OFER, et al : PROSECUTION HIGHWAY
Application No.: 14/238,643 : PROGRAM AND PETITION
Filed: February 12, 2014 : TO MAKE SPECIAL UNDER
Attorney Docket No.: TIA-10102/57 : 37 CFR 1.102(a)

For: POLYCRYSTALLINE METAL
OXIDE, METHODS OF MANUFACTURE
THEREOF, AND ARTICLES...

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program and the
petition under 37 CFR 1.102(a), filed October 13, 2014, renewed June 10, 2015 and June 29, 2015, to
make the above-identified application special.

The request and petition are GRANTED.
DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5 PPH pilot program is requested:must
have the same earliest date, whether this is the priority date or filing date, as that of a corresponding
national or regional application filed with another Global/IP5 PPH participating office or a
corresponding PCT international application for which one of the Global/IP5 PPH participating
offices was the International Searching Authority (ISA) or the International Preliminary Examining
Authority (IPEA).

2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be amended
to sufficiently correspond to the allowable/patentable claim(s) in the corresponding Office of
Earlier Examination (OEE) application and
b. Submit a claims correspondence table in English;
Examination of the U.S. application has not begun;
4. Applicant must submit:
_a. Documentation of prior office action:
i. acopy of the office action(s) just prior to the “Decision to Grant a Patent” from
each of the Global/IP5 PPH participating office application(s) containing the
allowable/patentable claim(s) or
ii. ifthe allowable/patentable claims(s) are from a *“Notification of Reasons  for
Refusal” then the Notification of Reasons for Refusal or

w
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Application No. 14/238,643 Page 2

iii.  1f the Global/IP5 PPH participating office application is a first action allowance

then no office action from the Global/IP5 PPH participating office is necessary

should be indicated on the request/petition form or

iv. the latest work product in the international phase of the OEE PCT application;
b. An English language translation of the Global/IP5S PPH participating office action or
work product from (4)(a)(i)-(ii) or (iv) above;

5. Applicant must submit:
a. An IDS listing the documents cited by the Global/IP5 PPH participating office examiner
in the Global/IP5 PPH participating office action or work product (unless already submitted
in this application)
b. Copies of the documents except U.S. patents or U.S. patent application publications
(unless already submitted in this application);

»r

The request to participate in the PPH pilot program and petition comply with the above requ1rements
Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-6735.

All other inquiries concerning the examination or status of the application is accessible in the PAIR
system at hitp://www.uspto.gov/ebc.index.html.

This application is being referred to the examiner for action on the merits commensurate with this
decision.

/Diane Goodwyn/
Diane Goodwyn
Paralegal Specialist
Office of Petitions
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Docket No.: TIA-10102/57
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:

David Ofer et al.

Application No.: 14/238,643 Confirmation No.: 1064
Filed: February 12, 2014 Art Unit: 1761

For: POLYCRYSTALLINE METAL OXIDE, Examiner: Not Yet Assigned

METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

APPLICANT’S SUPPLEMENTAL RESPONSE TO DECISION ON APPLICANT’S
REQUEST TO PARTICIPATE IN THE PATENT PROSECUTION HIGHWAY
PROGRAM AND PETITION TO MAKE SPECIAL UNDER 37 CFR 1.102(a)

MS Office of Petitions
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Madam:
In response to the Decision mailed May 19, 2015, Applicant respectfully submits the

following:

The Written Opinion for PCT/US2012/048602 stated that claims 4-12 and 14 do not
comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for
any other multiple dependent claims. The multiple dependent claims were later amended in the
First Preliminary Amendment made of record February 14, 2014 to remove all instances of

multiple dependencies. On October 13, 2014, Applicant filed a Second Preliminary Amendment
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Application No. 14/238,643 2 Docket No.: TIA-10102/57

wherein the claims were amended to sufficiently correspond. As such, it is submitted that all

claims are in patentable form and allowable at least as dependent from an allowable base claim.

In addition, only claims 1-13 and 15 were included in Applicant’s Claims Correspondence
Table submitted as part of Applicant’s Request for Participation in the PPH Pilot Program. Claim
14 was inadvertently excluded. Attached is an updated Claims Correspondence Table including

all claims, 1-15.

Applicant respectfully requests that the decision to dismiss Applicant’s petition be
reconsidered and overturned. If a telephone conference would aid in clarifying Applicant’s
position, their undersigned representative may be reached at the telephone and/or facsimile

numbers provided below.

Dated: June 29, 2015 Respectfully submitted,

Electronic signature: /Weston R. Gould, Ph. D./

Weston R. Gould, Ph. D.
Registration No.: 59,142

GIFFORD, KRASS, SPRINKLE, ANDERSON
& CITKOWSKI, P.C.

2701 Troy Center Drive, Suite 330

Post Office Box 7021

Troy, Michigan 48007-7021

(248) 647-6000

(248) 647-5210 (Fax)

Attorney for Applicant

POSCO Future Mv. TIAX LLC
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Doc Code: PPH.PET.652 PTO/SBI20GLBL (01-14)
Document Description: Petition to make special under Patent Pros Hwy Approved for use through 01/31/2015. OMB 0651-0058

U.8. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a colfection of information unless it displays a valid OMB control number.

REQUEST FOR PARTICIPATION IN THE GLOBAL/IPS
PATENT PROSECUTION HIGHWAY (PPH) PiLoT PROGRAM IN THE USPTO

Application No.: 14/238,643-Conf. #1064 First Named Inventor: David Ofer

Filing Date: February 12, 2014 Attorney Docket No.: TIA-10102/57

Title of the POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND
Invention: ARTICLES COMPRISING THE SAME

THIS REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE REQUIRED DOCUMENTS MUST BE
SUBMITTED VIA EFS-WEB. INFORMATION REGARDING EFS-WEB IS AVAILABLE AT
HTTP:/MVWW.USPTO.GOV/PATENTS/PROCESS/FILE/IEFSI.

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM
AND PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM,

Office of earlier examination (OEE): PCT

OEE application number: PCT/US2012/048602

Both the OEE application and the above-identified U.S. application have
the following earliest date (filing or priority date): _ July 27, 2012

Type of OEE work product relied upon:  International Search Report and Written Opinion
Mailing date of OEE work product: _February 26, 2013

. Required Documents:

a. A copy of the most recent office action prior to the decision to grant a patent or the most recent PCT
work product (along with an English translation, if not in the English language):

is attached.

D is already present in the U.S. application.

D is not attached because it is available to the USPTO via the Dossier Access System or WIPO's
PATENTSCOPE system.

D is not attached because the decision o grant a patent was the first office action.
b. (1) An information disclosure statement listing the documents cited in the OEE work product:
D is attached.
has already been filed in the U.S. application.
D is not attached because no references were cited in the document in section a. above.
{2) Copies of all cited documents (except for U.S. patents or U.S. patent application publications)
D are attached.
have already been filed in the U.S. application.

D are not attached because no references were cited in the document in section a. above.

[Page 1 of 2]
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PTO/SB/20GLBL (01-14)
Approved for use through 01/31/2015. OMB 0651-0058
U.8. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

REQUEST FOR PARTICIPATION IN THE GLOBAL/IP5 PPH PILOT PROGRAM IN THE USPTO

(continued)

14/238,643-Conf.

Application No.: #1064

First Named Inventor:

David Ofer

li. Claims Correspondence Table:

Patentable Claims

Claims in US Application in OEE Application

Explanation regarding the correspondence

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
1 11
12 12
13 13
14 14
15 15

Sufficiently correspond
Sufficiently correspond
Sufficiently correspond

See attached

See attached

See attached

See attached

See attached

See attached

See attached

See attached
Sufficiently correspond

See attached
Sufficiently correspond

1. All the claims in the US application sufficiently correspond to the patentable/allowable claims in the

OEE application.

MWeston R. Gould, Ph. D/

June 29, 2015

Signature Date
Name
(Print/Typed) Weston R. GOUId’ Ph. D. Registration Number 59,142

{Page 2 of 2]
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ADDENDUM TO
il. CLAIMS CORRESPONDENCE TABLE:

Patentable Claims
in OEE Application

Claims in US Application

Explanation regarding the
correspondence

4 4
5 5
6 6
7 7

Claim 4 was not reviewed at the international

stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the first preliminary amendment
filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 4 now
properly depends from an allowable base claim —
claim 1.

Claim 5 was not reviewed at the international

stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 5 now
properly depends from an allowable base claim —
claim 1.

Claim 6 was not reviewed at the international

stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 6 now
properly depends from an allowable base claim -
claim 1.

Claim 7 was not reviewed at the international
stage due to not being drafted in accordance
with the second and third sentences of Rule
6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

POSCO Future Mv. TIAX LLC
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dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 7 now
properly depends from an allowable base claim ~
claim 1.

Claim 8 was not reviewed at the international

stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 8 now
properly depends from an allowable base claim ~
claim 1.

Claim 9 was not reviewed at the international

stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4{a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 9 now
properly depends from an allowable base claim —
claim 1.

Claim 10 was not reviewed at the international
stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 10 now
properly depends from an allowable base claim -
claim 1.

Claim 11 was not reviewed at the international
stage due to not being drafted in accordance
with the second and third sentences of Rule
6.4{a) due to being a multiple dependent claim
being dependent from a prior multiple
dependent claim. The multiple dependency

POSCO Future Mv. TIAX LLC
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12

14

12

14

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 11 now
properly depends from an allowable base claim -
claim 1.

Claim 12 was not reviewed at the international
stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 12 now
properly depends from an allowable base claim -
claim 1.

Claim 14 was not reviewed at the international
stage due to not being drafted in accordance

with the second and third sentences of Rule

6.4(a) due to being a multiple dependent claim
being dependent from a prior multiple

dependent claim. The multiple dependency

was corrected in the preliminary amendment

filed 02/14/2014. A second preliminary amendment
filed 10/13/2014 wherein the claims were amended
to sufficiently correspond. As such, claim 14 now
properly depends from an allowable base claim —
claim 1.
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PCT/US2012/048602
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
TIAO012PCT ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/yvear)
PCT/US2012/048602 27 JULY 2012 (27.07.2012) 16 AUGUST 2011 (16.08.2011)
Applicant
TIAX LLC et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.

[:] 1t is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

the international application in the language in which it was filed

a translation of the international application into , which is the language of a
transiation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.
2. }1‘ Certain claims were found unsearchable (See Box No. II)
3. D Unity of invention is lacking (See Box No. III)

4. With regard to the title,
E] the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5.  Withregard to the abstract,
the text is approved as submitted by the applicant.
[:l the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV, The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
l:] as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention. POSCO Future M v. TIAX LLC

b. [’_‘] none of the figure is to be published with the abstract. POSCO Future M EX1005
Page 35




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/048602

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-12, 14

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest bupghsapntiseblemeianx LLC
fee was not paid within the time limit specified in the invitation. POSCO Future M EX1005
71 Na nrotest accomnanied the navment of additional search fees Page 36




International application No.

NAL SEARCH REPORT
INTERNATIONA PCT/US2012/048602

A, CLASSIFICATION OF SUBJECT MATTER

CO01G 49/00(2006.01)i, CO1G 51/00(2006.01)i, CO1D 1/00(2006.01)i, HOIM 10/05(2010.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO1G 49/00, HOIM 4/48; HOIM 10/0525; HOIM 4/36; HOIM 4/52; HO1M 4/485

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eK OMPASS(KIPO internal) & Keywords: polyerystalline metal oxide, LiNiCoO, concentration of cobalt

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2008-234872 A (SONY CORP.) 02 October 2008 1-3,13,15
See abstract: paragraph [0014~0068]; claims 1-4

A US 2005-0181280 A1l (GERBRAND CEDER et al.) 18 August 2005 1-3,13,15
See abstract; paragraph [0031~0045]; claims 1, 4

A US 2009-0104530 A1 (SHIZUKA KENJI et al.) 23 April 2009 1-3,13,15
See abstract: paragraph [0481-0486]

A KR 10-2010-0099668 A (LG CHEM. LTD.) 13 September 2010 1-3,13,15

See abstract; paragraph [0011-0026]

D Further documents are listed in the continuation of Box C.

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 after the international
filing date

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

"0"  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 after 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 other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ngn

Date of the actual completion of the international search

25 FEBRUARY 2013 (25.02.2013)

Date of mailing of the international search report

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
Citv. 302-701. Renublic of Korea

26 FEBRUARY 2013 (26.02.2013)

Authorized officer

POSCO Future

LEE, Jin Hong POSCO Futiirg




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2012/048602

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2008-234872 A 02.10.2008 None

US 2005-0181280 A1l 18.08.2005 US 2002-0048706 Al 25.04.2002
US 2005-0175529 Al 11.08.2005
US 2008-0089734 A1 01.05.2008
US 7026071 B2 11.04.2006

US 2009-0104530 Al 23.04.2009 CN 101379637 A 04.03.2009
CN 102044672 A 04.05.2011
CN 102044673 A 04.05.2011
EP 2008937 A2 24.12.2008
EP 2006937 AS 08.07.2009
JP 04-5381716 B2 24.09.2010
JP 04-591717 B2 24.09.2010
JP 04-613943 B2 29.10.2010
JP 2008-103308 A 01.05.2008
JP 2008-108692 A 08.05.2008
JP 2008-305777 A 18.12.2008
JP 2010-278015 A 09.12.2010
JP 2011-003551 A 06.01.2011
JP 4581716 B2 01.12.2010
JP 4591717 B2 01.12.2010
JP 4613943 B2 19.01.2011
KR 10-2008-0108222 A 12.12.2008
WO 2007-116971 A1 18.10.2007

KR 10-2010-0099668 A 13.09.2010 EP 2405511 A2 11.01.2012
US 2012-0225343 Al 06.09.2012
W0 2010-101396 A2 10.09.2010
WO 2010-101396 A3 10.09.2010
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POSCO Future M EX1005
Page 38




PCT/US2012/048602

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
EHRLICH GRANT M. P C T

CANTOR COLBURN LLP 20 CHURCH STREET 22ND WRITTEN OPINION OF THE
FLOOR HARTFORD CT 06103 USA INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(day/montl/year) 26 FEBRUARY 2013 (26.02.2013)

Applicant's or agent's file reference FOR FURTHER ACTION

TIAO012PCT See paragraph 2 below
International application No. International filing date (dav/month/year) Priority date(day/monthiyear)
PCT/US2012/048602 27 JULY 2012 (27.07.2012) 16 AUGUST 2011 (16.08.2011)

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

COIG 49/00(2006.01)i, COIG 51/00(2006.01)i, CO1D 1/60(2006.61)i, HOIM 10/05(2010.01)i

Applicant
TIAX LLC et al

1. This opinion contains indications relating to the following items:
% Box No. 1 Basis of the opinion

BoxNo.II  Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No.IV  Lack of unity of invention

citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VII  Certain defects in the international application

XU XX

Box No. VIII Certain observations on the international application

[

FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered {o be a writlen opinion of the

other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority dale, whichever expires later.

For further options, see Form PCT/ISA/220.

BoxNo.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;

International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an A uthority

N'tmc and mailing address of the ISA/KR Date of completion of this opinion jAuthorized officer
Korean Intellectual Property Office
ﬁ&gg‘;}"“‘fﬁ“a‘t’v Sco-gu. Dacjeon |5 FEBRUARY 2013 (25.02.2013) | LEE, Jin Hong
o Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No.82-42-481-8649

Form PCT/ISA/237 (cover sheet) (July 2011y
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) International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of
E} the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

[

With regard to any nucleotide and/or amino acid sequence disclosed inthe international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
D on paper

D in electronic form

b. time of filing or furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.
[:] furnished subsequently to this Authority for the purposes of scarch.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or docs
not go beyond the application as {iled, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

D the entire international application
@ claims Nos.  4-12, 14

because:

D the said international application, or the said claims Nos.
relate to the following subject matter which does not require an international search (specifi):

the description, claims or drawings (indicate particular elements below) or said claims Nos.
are so unclear that no meaningful opinion could be formed (specify):

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specifi):

no international search report has been established for said claims Nos. 4-12. 14

El a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the preseribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Scarching Authority in a form and manner acceptable
to it.
D furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
toit.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1(a) or (b).

D See Supplemental Box for further details.

Form PCT/ASA/237 (Box No. IIT) (July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims  1-3.13,15 YES
Claims  NONE NO

Inventive step (IS) Claims 1-3,13,15 YES
Claims ~NONE NO

Industrial applicability JA)  Claims  1-3,13.15 YES
Claims ~ NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: JP 2008-234872 A (SONY CORP.) 02 October 2008

D2: US 2005-0181280 A1 (GERBRAND CEDER et al.) 18 August 2005
D3: US 2009-0104530 At (SHIZUKA KENJI et al.) 23 Aprit 2009

D4: KR 10-2010~-0099668 A (LG CHEM. LTD.) 13 September 2010

1. Novelty and Inventive step

1.1. independent Claims 1, 13 and 15

The subject matters of claims 1, 18 and 15 differ from those of the prior art documents in that a
concentration of cobalt in the grain boundary is greater than that in the crystallites. And they are not
obvious to a person skilled in the art by the documents, taken alone or in combination. Therefore, claims 1,
13 and 15 meet the requirements of PCT Article 33(2) and (3) with respect to noveity and inventive step.

1.2. Dependent Claims 2-3
Claims 2-3 are dependent on claim 1, and therefore meet the requirements of PCT Article 33(2) and (3).

2. Industrial Applicability
Claims 1-3, 13 and 15 are industrially applicable under PCT Article 33(4).

Form PCT/ISA/237 (Box No. V) (July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. VII  Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 4-12 and 14 do not comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for any
other multiple dependent claim.

Form PCT/ISA/237 (Box No. VII) (July 201 1)
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: TIA-10102/57

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Utility Application of:
David Ofer et al.
Application No.: 14/238,643 Confirmation No.: 1064
Filed: February 12, 2014 Art Unit: 1761
For: POLYCRYSTALLINE METAL OXIDE, Examiner: Not Yet Assigned

METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

APPLICANT’S RESPONSE TO DECISION ON APPLICANT’S REQUEST TO
PARTICIPATE IN THE PATENT PROSECUTION HIGHWAY PROGRAM
AND PETITION TO MAKE SPECIAL UNDER 37 CFR 1.102(a)

MS Office of Petitions
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Madam:
In response to the Decision mailed May 19, 2015, Applicant respectfully submits the

following:

The Written Opinion for PCT/US2012/048602 stated that claims 4-12 and 14 do not
comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for
any other multiple dependent claims. The multiple dependent claims were incorrectly submitted

and were later amended to remove all instances of multiple dependencies.
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Application No. 14/238,643 2 Docket No.: TIA-10102/57

In addition, only claims 1-13 and 15 were included in Applicant’s Claims Correspondence
Table submitted as part of Applicant’s Request for Participation in the PPH Pilot Program. Claim
14 was inadvertently excluded. Attached is an updated Claims Correspondence Table including

all claims, 1-15.

Applicant respectfully requests that the decision to dismiss Applicant’s petition be
reconsidered and overturned. If a telephone conference would aid in clarifying Applicant’s
position, their undersigned representative may be reached at the telephone and/or facsimile

numbers provided below.

Dated: June 10, 2015 Respectfully submitted,

Electronic signature: /Weston R. Gould, Ph. D./

Weston R. Gould, Ph. D.
Registration No.: 59,142

GIFFORD, KRASS, SPRINKLE, ANDERSON
& CITKOWSKI, P.C.

2701 Troy Center Drive, Suite 330

Post Office Box 7021

Troy, Michigan 48007-7021

(248) 647-6000

(248) 647-5210 (Fax)

Attorney for Applicant
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Electronic Acknowledgement Receipt

EFSID: 22586598
Application Number: 14238643
International Application Number:
Confirmation Number: 1064

Title of Invention:

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

First Named Inventor/Applicant Name:

David Ofer

Customer Number:

25006

Filer:

Weston Gould/Ann Andrusiak

Filer Authorized By:

Weston Gould

Attorney Docket Number:

TIA-10102/57

Receipt Date: 10-JUN-2015
Filing Date: 12-FEB-2014
Time Stamp: 12:08:54

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no

File Listing:
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes); 83324

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

! '"'sed.Statgs Patent and Trademark Office
P.O. Box 1450
i Alexandria, VA 22313-1450
www.yspto.gov
GIFFORD, KRASS, SPRINKLE, : ITW AY 192 mj
ANDERSON & CITKOWSKI, P.C.
PO BOX 7021
TROY MI 48007-7021 OFFICE OF PETITIONS
In re Application of
OFER, et al , : DECISION ON REQUEST TO
Application No.: 14/238,643 : PARTICIPATE IN THE PATENT
Filed: February 12,2014 - ' PROSECUTION HIGHWAY
Attorney Docket No.: TIA-10102/57 : PROGRAM AND PETITION
For: POLYCRYSTALLINE METAL : TO MAKE SPECIAL UNDER
OXIDE, METHODS OF MANUFACTURE : 37 CFR 1.102(a)

THEREOF, AND ARTICLES...

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program and the
petition under 37 CFR 1.102(a), filed October 13, 2014, to make the above-identified application special.

The request and petition are DISMISSED.
DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5 PPH pilot program is requested must
have the same earliest date, whether this is the priority date or filing date, as that of a corresponding
national or regional application filed with another Global/IP5 PPH participating office or a
corresponding PCT international application for which one of the Global/IP5 PPH participating
offices was the International Searching Authority (ISA) or the International Preliminary Examining
Authority (IPEA).

2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be amended
to sufficiently correspond to the allowable/patentable claim(s) in the corresponding Office of
Earlier Examination (OEE) application and
b. Submit a claims correspondence table in English;
Examination of the U.S. application has not begun;
4. Applicant must submit:
a. Documentation of prior office action:
i. acopy of the office action(s) just prior to the “Decision to Grant a Patent” from
each of the Global/IP5 PPH participating office application(s) containing the
. allowable/patentable claim(s) or
ii. ifthe allowable/patentable claims(s) are from a “Notification of Reasons  for
Refusal” then the Notification of Reasons for Refusal or
iii. if the Global/IP5 PPH participating office application is a first action allowance
then no office action from the Global/IP5 PPH participating office is necessary
should be indicated on the request/petition form or
iv. the latest work product in the international phase of the OEE PCT application;
b. An English language translation of the Global/IP5 PPH participating office action or
work product from (4)(a)(i)-(ii) or (iv) above;

w
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Application No. 14/238,643 Page 2

5. Applicant must submit:
a. An IDS listing the documents cited by the Global/IP5 PPH participating office examiner
in the Global/IP5 PPH participating office action or work product (unless already submitted
in- this application)
b. Copies of the documents except U.S. patents or U.S. patent application publlcatlons
(unless already submitted in this application);

Conditions (1) and (3-5) above are considered to have been met. However, the request to participate in
the PPH pilot program and petition fails to comply with the conditions, (2).

Regarding the requirement of condition (2), applicant has not ensured that all claims in the U.S.
application for which participation in the PPH program is requested sufficiently correspond to the
patentable/allowable claims in the OEE application. In this regard, the Claims Correspondence Table filed
October 13, 2014, indicates the claims in the US application sufficiently correspond to claims, which
were consider to not contain an opinion in the OEE application as it relates to novelty, inventive step and
industrial applicability. Please see the Written Opinion (ISA/237). Clarification is needed.

Applicant is given ONE opportunity within a time period of ONE MONTH or THIRTY DAYS,
whichever is longer, from the mailing date of this decision to correct the deficiencies. NO EXTENSION
OF TIME UNDER 37 CFR 1.136 IS PERMITTED. If the deficiencies are not corrected with the time
period given, the application will await action in its regular turn.

Response must be filed via the Electronic Filing System (EFS) using the document description: Petition to
make special under Patent Pros Hwy. Any preliminary amendments and IDS submitted with the PPH
documents must be separately indexed as a preliminary amendment and IDS, respectively.

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-6735.

All other inquiries concerning the examination or status of the application is accessible in the PAIR
system at http://www.uspto.gov/ebc.index.html.

/Diane Goodwyn/
Diane Goodwyn
Paralegal Specialist
Office of Petitions
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Doc Code: PPH.PET.652 PTO/SB/20GLBL (01-14)
Document Description: Petition to make special under Patent Pros Hwy Approved for use through 01/31/2015. OMB 0651-0058

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 coflection of information unless it displays a valid OMB control number,

REQUEST FOR PARTICIPATION IN THE GLOBAL/IPS
PATENT PROSECUTION HIGHWAY (PPH) PiLOoT PROGRAM IN THE USPTO

Application No.: 14/238,643-Conf. #1064 First Named Inventor: David Ofer

Filing Date: February 12, 2014 Attorney Docket No.: TIA-10102/57

Title of the POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND
Invention: ARTICLES COMPRISING THE SAME

THIS REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE REQUIRED DOCUMENTS MUST BE
SUBMITTED VIA EFS-WEB. INFORMATION REGARDING EFS-WEB IS AVAILABLE AT
HTTP:/IWWW.USPTO.GOV/IPATENTS/PROCESS/FILE/EFS/.

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM
AND PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM.

Office of earlier examination (OEE): PCT

OEE application number: PCT/US2012/048602

Both the OEE application and the above-identified U.S. application have
the following earliest date (filing or priority date):  July 27, 2012

Type of OEE work product relied upon:  International Search Report and Written Opinion
Mailing date of OEE work product: February 26, 2013

. Required Documents:

a. A copy of the most recent office action prior to the decision to grant a patent or the most recent PCT
work product (along with an English translation, if not in the English language):

is attached.

D is already present in the U.S. application.

D is not attached because it is available to the USPTO via the Dossier Access System or WIPO'’s
PATENTSCOPE system.

D is not attached because the decision to grant a patent was the first office action.

b. (1) Aninformation disclosure statement listing the documents cited in the OEE work product:
D is attached.

has already been filed in the U.S. application.

D is not attached because no references were cited in the document in section a. above.

(2) Copies of all cited documents (except for U.S. patents or U.S. patent application publications)
D are attached.
have already been filed in the U.S. application.

D are not attached because no references were cited in the document in section a. above.

[Page 1 of 2]
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PTO/SB/20GLBL (01-14)

Approved for use through 01/31/2015. OMB 0651-0058
U.8. 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.

REQUEST FOR PARTICIPATION IN THE GLOBAL/IP5 PPH PILOT PROGRAM IN THE USPTO

(continued)

Application No.:

14/238,643-Conf.
#1064

First Named Inventor:

David Ofer

ll. Claims Correspondence Table:

Claims in US Application

Patentable Claims
in OEE Application

Explanation regarding the correspondence

O~ O WH —

WO~ WN -

Sufficiently correspond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond
Sufficiently corrrespond

lil. Al the claims in the US application sufficiently correspond to the patentable/allowable claims in the
OEE application.

MWeston R. Gould, Ph. D./

October 13, 2014

Signature Date
Name
(Print/Typed) Weston R. GOUId’ Ph.D. Registration Number 59,142

[Page 2 of 2]
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(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intelicctual Property iy
Organization /

International Bureau

=

I 00 O 0 0 0
(10) International Publication Number

WO 2013/025328 A3

21 February 2013 (21.02.2013) WIPO | PCT

(51) International Patent Classification: (74) Agent: EHRLICH, Grant M.; Cantor Colburn LLP, 20
C01G 49/00 (2006.01) COID 1/00 (2006.01) Church Street, 22nd Floor, Hartford, Connecticut 06103

C01G 51/00 (2006.01) HOI1M 10/05 (2010.01) (uUs).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2012/048602 kind of national protection available): AE, AG, AL, AM,
22) Int tional Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: , 15 (9 5 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
27 July 2012 (27.07.2012) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Fﬂing Languagc: Eng]jsh HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
61/575,115 16 August 2011 (16.08.2011) Us SC, 8D, SE, 8G, SK, SL, 5M, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(71) Applicant (for all designated States except US): TIAX ZW,

(72)
(75)

LLC [US/US} 35 Hartwell Avenue, Lexington, Mas-
sachusetts 02421 (US).

Inventors; and

Inventors/Applicants (for US only): OFER, David
[US/US]; 37 Booth Street, Needham, Massachusetts 02494
(US). PULLEN, Adrian W, [US/US]; 65 Boylston St., #3,
Boston, Massachusetts 02130 (US). SRIRAMULU,
Suresh [US/US]; 23 Virginia Road, Arlington, Massachu-
setts 02476 (US).

(84)

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, 8D, 8L, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, 81, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREQF, AND ARTICLES COMPRIS-
ING THE SAME

(57) Abstract: A particle, including: a plurality of
crystallites including a first composition having a
layered o-NaFeO.-type structure and including lithium
in an amount of about 0.1 to about 1.3 moles, per mole
of the first composition, nickel in an amount of about
0.1 to about 0.79 mole, per mole of the first composi-
tion, cobalt in an amount of 0 to about 0.5 mole, per
mole of the first composition, and oxygen in an
amount of about 1.7 1o about 2.3 moles, per mole of
the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and
including a second composition having the layered ¢-
NaFe0,-type structure, a cubic structure, or a combina-
tion thereof, wherein a concentration of cobalt in the
grain boundary is greater than a concentration of co-
balt in the crystallites.
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Declarations under Rule 4.17: Published:

— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))

170
a patent (Rule 4.17(1) (88) Date of publication of the international search report:
— as to the applicant’s entitlement to claim the priority of 4 July 2013

the earlier application (Rule 4.17(iii))
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/048602

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the preseribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-12, 14
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

L. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3.

D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remurk on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2012/048602

A. CLASSIFICATION OF SUBJECT MATTER

COI1G 49/00(2006.01)i, CO1G 51/00(2006.01)i, COID 1/00(2006.01)i, HOIM 10/05(2010.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO1G 49/00; HOIM 4/48; HOIM 10/0525; HO1M 4/36; HOIM 4/52, HO1M 4/485

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: polycrystalline metal oxide, LiNiCoO, concentration of cobalt

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2008-234872 A (SONY CORP.) 02 October 2008 1-3,13,15
See abstract; paragraph [0014-0068]; claims 1-4

A US 2005-0181280 Al (GERBRAND CEDER et al.) 18 August 2005 1-3,13,15
See abstract: paragraph [0031-00451; claims 1, 4

A US 2009-0104530 Al (SHIZUKA KENJI et al.) 23 April 2009 1-3,13,15
See abstract: paragraph [0481-0486]

A KR 10-2010~0099668 A (LG CHEM. LTD.) 13 September 2010 1-3,13,15

See abstract; paragraph [0011-0026]

D Further documents are listed in the continuation of Box C.

N See patent family annex.
2as P

* 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 afier the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of citation or other

special reason (as specified)

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

"o

"T' later document published after 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 other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

wyn

"y

ngn

Date of the actual completion of the international search

25 FEBRUARY 2013 (25.02.2013)

Date of mailing of the international search report

26 FEBRUARY 2013 (26.02.2013)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dacjeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer g

LEE, Jin Hong

Telephone No.  82-42-481-8649

Form PCT/ISA/210 (sceond sheet) (July 2009y
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2012/048602

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2008-234872 A 02.10.2008 None

US 2005-0181280 A1 18.08.2005 US 2002-0048706 A1l 25.04.2002
US 2005-0175529 A1 11.08.2005
US 2008-0099734 A1l 01.05.2008
Us 7026071 B2 11.04.2006

US 2009-0104530 A1 23.04,2009 CN 101379637 A 04.03.2009
CN 102044672 A 04.05.2011
CN 102044673 A 04.05.2011
EP 2006937 A2 24.12.2008
EP 2008937 A9 08.07.2009
JP 04-591716 B2 24.09.2010
JP 04-591717 B2 24.09.2010
JP 04-613943 B2 29.10.2010
JP 2008-103308 A 01.05.2008
JP 2008-108692 A 08.05.2008
JP 2008-305777 A 18. 12,2008
JP 2010-278015 A 09.12.2010
JP 2011-003551 A 06.01.2011
JP 4591716 B2 01.12.2010
JP 4581717 B2 01.12.2010
JP 4613943 B2 19.01.2011
KR 10-2008-0108222 A 12.12.2008
WO 2007-116971 At 18. 10.2007

KR 10-2010-0098668 A 13.08.2010 EP 2405511 A2 11.01.2012
US 2012-0225343 A1 06.09.2012
WO 2010-101396 A2 10.09.2010
WO 2010-101396 A3 10.09.2010

Form PCT/ISA/210 (patent family annex) (July 2009y
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PCT/US2012/048602
PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:

EHRLICH GRANT M. P C T

CANTOR COLBURN LLP 20 CHURCH STREET 22ND WRITTEN OPINION OF THE
FLOOR HARTFORD CT 06103 USA INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(day/month/year) 26 FEBRUARY 2013 (26.02.2013)

Applicant's or agent's file reference FOR FURTHER ACTION

TIAQ012PCT Sce paragraph 2 below
International application No. International filing date (day/month/year) Priority date(day/month/vear)
PCT/US2012/048602 27 JULY 2012 (27.07.2012) 16 AUGUST 2011 (16.08.2011)

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

COIG 49/0002606.01)i, COIG 51/00(2006.01)i, COID 1/06¢2006.01)i, HOIM 10/05(2010.01)i

Apphcant
TIAX LLC et al

1. This opinion contains indications relating to the following items:

Box No. I Basis of the opinion

BoxNo. 1T Priority

BoxNo.Ill  Non-establishment of opinion with regard fo novelty, inventive step and industrial applicability

Box No.1V  Lack of unity of invention

BoxNo.V  Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

BoxNo. VI Certain documents cited
Box No. VII  Certain defects in the international application

Box No. VIII Certain observations on the international application

LKL XXX

o

FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further opfions, see Form PCT/ISA/220.

Name and mailing address of the ISA/KR Date of completion of this opinion |Authorized officer
s Korean Inteliectual Property Office

189 Cheongsa-ro, Seo-gu, Daejeon g < T
Metropolitan City, 302-701, 25 FEBRUARY 2013 (25.02.2013) | LEE, Jin Hong
Republic of Korea

Facsumle No. 82-42-472-7140 Telephone No.82-42-481-8649

Form PCT/ISA/237 (cover sheet) (July 2011)
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
@ the international application in the language in which it was filed

[ a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been cstablished taking into account the rectification of an ebvious mistake authorized by or notified

to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed inthe international application, this opinion has been
established on the basis of®

a. a sequence listing filed or furnished
D on paper

D in electronic form

b. time of filing or furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioant copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were fumished.

5. Additional comments:

Form PCT/ISA/237 (Box No. T)( July 2011)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. 1l Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (1o be non obvious), or to be
industrially applicable have not been cxamined in respect of:

D the entire international application

m claims Nos.  4-12, 14

because:

D the said international application, or the said claims Nos.
relate to the following subject matter which does not require an international search (specify):

D the description, claims or drawings (indicate particular elements below) or said claims Nos.
are so unclear that no meaningful opinion could be formed (specify):

D the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

)I{ no international search report has been established for said claims Nos. 412, 14

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Scarching Authority in a form and manner acceptable
toit.

D furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Istructions, and such listing was not available to the International Searching Authority in a form and manner acceptable
to it.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1¢a) or (b).

D See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. HT) (July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/048602

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-3,13,15 YES
Claims  NONE NO

Inventive step (IS) Claims 1-3,13,15 YES
Claims NONE NO

Industrial applicability JA)  Claims  1-3,13,15 YES
Claims ~ NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: JP 2008-234872 A {SONY CORP.) 02 October 2008

D2: US 2005-0181280 A1 (GERBRAND CEDER et al.) 18 August 2005
D3: US 2009-0104530 A1 (SHIZUKA KENJI et al.) 23 April 2009

D4: KR 10-2010-0099668 A (LG CHEM. LTD.) 13 September 2010

1. Novelty and inventive step

1.1. Independent Claims 1, 13 and 15

The subject matters of claims 1, 13 and 15 differ from those of the prior art documents in that a
concentration of cobalt in the grain boundary is greater than that in the crystallites. And they are not
obvious to a person skilled in the art by the documents, taken alone or in combination. Therefore, claims 1,
13 and 15 meet the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive step.

1.2. Dependent Claims 2-3
Claims 2-3 are dependent on claim 1, and therefore meet the requirements of PCT Article 33(2) and (3).

2. Industrial Applicability
Claims 1-3, 13 and 15 are industrially applicable under PCT Article 33(4).

Form PCT/ISA/237 (Box No. V) (July 2011y
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WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No.

PCT/US2012/048602

Box No. VI Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 4-12 and 14 do not comply with PCT Rule 6.4(a) because multiple dependent claims should not serve as a basis for any

other multiple dependent claim.

Form PCT/ISA/237 (Box No. VIT) (July 201 1)
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Docket No.: TIA-10102/57
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:

David Ofer et al.

Application No.: 14/238,643 Confirmation No.: 1064
Filed: February 12, 2014 Art Unit: N/A

For: POLYCRYSTALLING METAL OXIDE, Examiner: Not Yet Assigned

METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

SECOND PRELIMINARY AMENDMENT UNDER 37 C.F.R. 1.115

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Madam:;

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:
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Application No. National Stage of PCT/US2012/048602 2 Docket No.: TIA-10102/57
First Preliminary Amendment

AMENDMENTS TO THE CLAIMS

1. (Currently Amended) A particle, comprising:

a plurality of crystallites comprising a first composition having a layered ai-NaFeO,-type
structure and comprising

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the first composition,

nickel in an amount of about 0.1 to about 0.79 mole. per mole of the first composition,

cobalt in an amount of 0 to about 0.5 mole, per mole of the first composition, and

oxygen; and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having the layered a-NaFeO»-type structure, a cubic structure,
or a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

2. (Original) The particle of claim 1, wherein the grain boundary is substantially

rectilinear in cross-section.

3. (Previously Presented) The particle of claim 1, wherein a direction of a surface of
the grain boundary is different than a direction of a tangent of a nearest outer surface of the

particle.

4. (Previously Presented) The particle of claim 1, wherein the particle comprises a
first grain boundary and a second grain boundary, wherein the first grain boundary and the
second grain boundary are each directly on a same crystallite of the plurality of crystallites, and
wherein the first grain boundary and second grain boundary intersect at an angle determined by a

crystal structure of the first composition.
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Application No. National Stage of PCT/US2012/048602 3 Docket No.: TIA-10102/57
First Preliminary Amendment

5. (Previously Presented) The particle of claim 1,

having an average grain boundary length of about 50 to about 1000 nanometers,

having an average grain boundary thickness of about 1 to about 200 nanometers,

wherein the grain boundary has a length of about 50 to about 1000 nanometers, wherein
the length is parallel to a surface of an adjacent crystallite, and

wherein the grain boundary has a thickness of about 1 to about 200 nanometers, wherein

the thickness is perpendicular to the crystallite surface.

6. (Previously Presented) The particle of claim 1, wherein

the second composition comprises

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the second
composition,

nickel in an amount of about 0.1 to about 0.95 mole, per mole of the second composition,

cobalt in an amount of about 0.02 to about 0.99 mole, per mole of the second
composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the second

composition.

7. (Previously Presented) The particle of claim 1, wherein

the first composition may further comprise an additional metal, wherein the additional
metal of the first composition is present in an amount of about 0.01 to about 0.9 mole, per mole
of the first composition;

the second composition further comprises an additional metal, wherein the additional
metal of the second composition is present in an amount of about 0.01 to about 0.9 mole, per
mole of the second composition; and

the additional metal of the first and second compositions each independently comprise

Mg, Sr, Ca, Cu, Zn, Mn, Al, V, Ba, Zr, Ti, Cr, Fe, Mo, B, or a combination thereof.

8. (Previously Presented) The particle of claim 1, wherein
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Application No. National Stage of PCT/US2012/048602 4 Docket No.: TIA-10102/57
First Preliminary Amendment

the first composition comprises Mn, and the Mn is present in the first composition in an
amount of about 0.01 to about 0.6 mole, per mole of the first composition, and
the second composition comprises Mn, and the Mn is present in the second composition

in an amount of about 0.01 to about 0.6 mole, per mole of the second composition.

9. (Previously Presented) The particle of claim 1, wherein

the first and second compositions each independently comprise a composition of
Formula 1:

Li.Q : yQZZMlOZ M

wherein Q' is Mg, Sr, Ca, Cu, Zn, or a combination thereof, Q* is Mn, Al, Mg, Ca, Sr,
Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga, or B, or a combination thereof, M' is Ni and Co,
0.1<a<1.2, 0<y<0.2, and 0<z<0.6; or

the first and second compositions each independently comprise a composition of
Formula 2

LiaNi(1x-y)CoxM2,Op 2)

wherein M? is Al, V, Ti, B, Zr, Mn, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.2, and 1.7<b<2.3; or

the first and second compositions each independently comprise a composition of
Formula 3:

LiaNi(xy-2CoxM3Mn0p  (3)

wherein M? is Al, V, Ti, B, Zr, or a combination thereof, 0.1<a<l1.3, 0.01=x<0.5,
0<y<0.1, 0.152<0.6, and 1.7<b<2.3; or

the first and second compositions each independently comprise a composition of
Formula 4:

LiaNi(1-x)CoxO2 4)

wherein 0.1<a<1.3 and 0<x<0.2 or 0.2<x<0.5.

10. (Previously Presented) The particle of claim 1,
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Application No. National Stage of PCT/US2012/048602 5 Docket No.: TIA-10102/57
First Preliminary Amendment

wherein the first composition comprises a composition of Formula 4 wherein 0<x<0.2,

and the second composition comprises a composition of Formula 4 wherein 0.2<x<0.5.

11.  (Previously Presented) The particle of claim 1, wherein
a concentration of cobalt in the crystallites is about 0.25 to about 17 atomic percent, and
a concentration of cobalt in the grain boundary is about 0.5 to about 32 atomic percent,

each based on a total atomic composition of the particle.

12. (Previously Presented) The particle of claim 1, further comprising a layer on a
surface of the particle, wherein the layer comprises an oxide, a phosphate, a pyrophosphate, a
fluorophosphate, a carbonate, a fluoride, an oxyfluoride, or a combination thereof, of Zr, A1, Ti,

Al, B, or Si, or a combination thereof.

13, (Currently Amended) A particle, comprising:

a plurality of crystallites comprising a first composition having a layered a-NaFeQ,-type
structure and comprising

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the first composition,

nickel in an amount of abewt-B8-1te-abeut-8:79-er about 0.91 to about 0.99 mole, per mole

of the first composition,

cobalt in an amount of 0 to about 0.5 mole, per mole of the first composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the first composition;

and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having a layered a-NaFeOa-type structure, a cubic structure, or
a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

14. (Canceled)
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Application No. National Stage of PCT/US2012/048602 6 Docket No.: TIA-10102/57
First Preliminary Amendment

15. (Currently Amended) A method of manufacturing a particle, the method
comprising:

combining a lithium compound, a cobalt compound, and a nickel compound to form a
mixture;

heat treating the mixture at about 30 to about 200°C to form a dried mixture;

heat treating the dried mixture at about 200 to about 500°C for about 0.1 to about 5 hours;
then

heat treating at 600 to about 900°C for about 0.1 to about 10 hours to manufacture the
particle, wherein the particle comprises a plurality of crystallites comprising a first composition
having a layered a-NaFeO»-type structure and comprising Li, Ni, Co. and O, wherein

the Li is present in an amount of about 0.1 to about 1.3 moles, per mole of the first

composition,

nickel is present in an amount of about 0.1 to about 0.79 mole or about 0.91 to

about 0.99 mole, per mole of the first composition.

cobalt is present in an amount of 0 to about 0.5 mole, per mole of the first

composition, and

oxygen is present in an amount of about 1.7 to about 2.3 moles, per mole of the

first composition; and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having a layered a-NaFeQO»-type structure, a cubic structure, or
a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

16-20. (Canceled)
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Application No. National Stage of PCT/US2012/048602 7 Docket No.: TIA-10102/57
First Preliminary Amendment

REMARKS

In view of the above amendments and remarks, Applicants believe the pending

application is in condition for allowance.

Dated: October 13,2014 Respectfully submitted,

Electronic signature: /Weston R. Gould, Ph. D./

Weston R. Gould, Ph. D.

Registration No.: 59,142

GIFFORD, KRASS, SPRINKLE, ANDERSON
& CITKOWSKI, P.C.

2701 Troy Center Drive, Suite 330

Post Office Box 7021

Troy, Michigan 48007-7021

(248) 647-6000

(248) 647-5210 (Fax)

Attorney for Applicant
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Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/238,643 02/12/2014 | [ 7o be Mailed
ENTITY: []LArRGE [X] smALL [] MICRO

AMENDMENT

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
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If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
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' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
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,_ 10/13/2014 | ,rcr PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
S | /o8 e7or - 14 Minus | = 20 -0 x 340 - 0
3 .
Independ .
Z ok |3 Minus | -3 -0 x 5210- 0
<§t [] Application Size Fee (37 GFR 1.16(s))
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* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD'L FEE
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/238,643 02/12/2014 David Ofer TIA-10102/57
CONFIRMATION NO. 1064
25006 PUBLICATION NOTICE
GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P.C
PO BOX 7021 IR L0 AR
000000069655345

TROY, MI 48007-7021

Title:POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES
COMPRISING THE SAME

Publication No.US-2014-0197357-A1
Publication Date:07/17/2014

NOTICE OF PUBLICATION OF APPLICATION

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

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

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO.
14/238,643 David Ofer TIA-10102/57

25006 | INTERNATIONAL APPLICATION NO. |

GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P.C PCT/US2012/048602

PO BOX 7021 LA. FILING DATE PRIORITY DATE

TROY, MI 48007-7021 07/27/2012 08/16/2011

CONFIRMATION NO. 1064
371 ACCEPTANCE LETTER

R

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

Date Mailed: 04/08/2014

The United States Application Number assigned to the application is shown above and the relevant dates are:

02/12/2014 02/16/2014
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(¢)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C.
371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN
ABOVE. The filing date of the above identified application is the international filing date of the international
application (Article 11(3) and 35 U.S.C. 363).

The following items have been received:

+ Indication of Small Entity Status

+ Copy of the International Application filed on 02/12/2014

+ Copy of the International Search Report filed on 02/12/2014
* Preliminary Amendments filed on 02/12/2014

« Information Disclosure Statements filed on 02/12/2014

+ Inventor's Oath or Declaration filed on 02/12/2014

+ U.S. Basic National Fees filed on 02/12/2014

+ Priority Documents filed on 02/12/2014

« Power of Attorney filed on 02/12/2014

+ Application Data Sheet (37 CFR 1.76) filed on 02/12/2014
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

INDIA L EVANS

Telephone: (571) 272-9085
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/238,643 02/12/2014 740 TIA-10102/57 19 3
CONFIRMATION NO. 1064
25006 FILING RECEIPT
GIFFORD, KRASS, SPRINKLE,ANDERSON & CITKOWSKI, P.C
PO BOX 7021 R0 TR
000000067466089

TROY, MI 48007-7021
Date Mailed: 04/08/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
David Ofer, Needham, MA;
Adrian W. Pullen, Boston, MA;
Suresh Sriamulu, Arlington, MA;
Applicant(s)
David Ofer, Needham, MA;
Adrian W. Pullen, Boston, MA;
Suresh Sriamulu, Arlington, MA;
Assignment For Published Patent Application
TIAX LLC, Lexington, MA

Power of Attorney: The patent practitioners associated with Customer Number 25006

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US2012/048602 07/27/2012
which claims benefit of 61/575,115 08/16/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 03/29/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/238,643

Projected Publication Date: 07/17/2014
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES
COMPRISING THE SAME

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/238,643
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
o) (o or () N/A N/A N/A 140 N/A
SEARCH FEE
e o N/A N/A N/A 240 N/A
EXAMINATION FEE
it ey N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 19 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 740 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total . i = =
> a7 CF% ?.16(i)) Minus = OR X
% Independent * Minus | *** = _ OR M
] (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x
% Independent * Minus | *** = = OR |x
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

14238643

Filing Date

Applicant(s) David Ofer

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 1 51
2 1 1 52
3 2 1 53
4 (1) 1 54
5 (1) 1 55
6 (1) 1 56
7 (1) 1 57
8 (1) 1 58
9 (1) 1 59
10 (1) 1 60
11 (1) 1 61
12 (1) 1 62
13 1 1 63
14 (1) 64
15 1 1 65
16 1 66
17 1 67
18 1 68
19 1 69
20 1 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100
Total Indep 3 3 0
- e ‘J 6 ‘J o ‘J
Depend
N N N
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PTO/SB/S6 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: TIAX LLC

Application No./Patent No.: 14/238,643 Filed/lssue Date: February 12, 2014

Titled: POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND
ARTICLES COMPRISING THE SAME

TIAX LLC ,a Limited Liability Company

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, elc.)

states that it is:

1. the assignee of the entire right, title, and interest in;

2. D an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D an assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)
the patent application/patent identified above by virtue of either:

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was
recorded in the United States Patent and Trademark Office at Reel

Frame , or for which a copy thereof is aftached.
OR
B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: David Ofer To: TIAXLLC
The document was recorded in the United States Patent and Trademark Office at
Reel 032206 , Frame 0860 , or for which a copy thereof is attached.
2. From: Adrian W. Pullen To: TIAXLLC
The document was recorded in the United States Patent and Trademark Office at
Reel 032206 , Frame 0960 , or for which a copy thereof is attached.
3. From: Suresh Sriramulu To: TIAXLLC
The document was recorded in the United States Patent and Trademark Office at
Reel 032206 , Frame 0960 , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned {(whose title is supplied below) is authorized to act on behalf of the assignee.

/Weston R. Gould, Ph. D./ February 14, 2014
Signature Date
Weston R. Gould, Ph. D. Attorney for Assignee
Printed or Typed Name Title
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Electronic Acknowledgement Receipt

EFSID: 18206316
Application Number: 14238643
International Application Number:
Confirmation Number: 1064

Title of Invention:

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

First Named Inventor/Applicant Name:

David Ofer

Customer Number:

25006

Filer:

Weston Gould/Ann Andrusiak

Filer Authorized By:

Weston Gould

Attorney Docket Number: 57TIA-10102
Receipt Date: 14-FEB-2014
Filing Date:
Time Stamp: 13:35:49

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)(tes)/ Multl- -Pages
Number Message Digest | Part/.zip| (ifappl.)
Assi howi f hi 37 73368
1 ssignee showing of ownership per SCAN_A2_024807.pdf no 1
CFR 3.73.
2a3d3313th70479fe41b7c6d74e6539a7e0f
Ob4d

Warnings:
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Total Files Size (in bytes); 73368

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO-1390 (05-13)

Approved for use through 6/30/2013. 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.

TRANSMITTAL LETTER TO THE UNITED STATES  |Attorney Docket No.

DESIGNATED/ELECTED OFFICE (DO/EO/US) ——TIA-10102/57
CONGCERNING A SUBMISSION UNDER 35 U.S.C. 371 | > /Pplication No. (fknown, see 37 CFR 1.9)
International Application No. International Filing Date Priority Date Claimed
PCT/US2012/048602 27 July 2012 16 August 2011
Title of Invention POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES
COMPRISING THE SAME

First Named Inventor
David Ofer et al.

Applicant herewith submits to the United States Designated/Elected Office (DO/EQ/US) the following items and other information.

1. This is an express request {o begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic
national fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of
the inventor(s) have been received.

2. A copy of the International Application (35 U.8.C. 371(c)(2)) is attached hereto (not required if the International Application
was previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)).

3. An English language transiation of the International Application (35 U.S.C. 371(c)2)).
a. D is attached hereto.

b. D has been previously submitted under 35 U.S.C. 154(d)(4).
4. An oath or declaration of the inventor(s) (35 U.S.C. 371(c){4)).

a. is attached.

b. D was previously filed in the international phase under PCT Rule 4.17(iv).

Items 5 to 8 below concern amendments made in the international phase.
PCT Article 19 and 34 amendments

5, D Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau)
(35 U.S.C. 371{c)3)).

6. D English transiation of the PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)).

7. D English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments made in the international phase

8a. D Do not enter the amendment made in the international phase under PCT Article 19.

8b. D Do not enter the amendment made in the international phase under PCT Article 34.

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

The following items 9 to 17 concern a document(s) or information included.

9. D An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. A preliminary amendment.

11. An Application Data Sheet under 37 CFR 1.76.

12. D A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. A power of attorney and/or change of address letter.

14. D A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1.821-1.825.

15. D Assignment papers (cover sheet and document(s)). Name of Assignee:

16. D 37 CFR 3.73(c) Statement (when there is an Assignee).
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PTO-1390 (05-13)

Approved for use through 6/30/2013. 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.8. APPLN. No. (if known - see 37 CFR 1.5) INTERNATIONAL APPLICATION No.

PCT/US2012/048602

ATTORNEY DOCKET No.
TIA-10102/57

17. D Other items or information:

The following fees have been submitted.
18.] x | Basic national fee (37 CFR 1.492(2))....occccrrrrrscmrssrsconccsrsnsisrins $280

CALCULATIONS PTO USE ONLY

$ 280.00

19.[x | 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 AICIE B3{1)(4). ettt ettt et $0
All ofther SHUBHONS ... st $720

$ 720.00

20.] x| Search fee (37 CFR 1.492(b))

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 ACIE 33(1)(4) oottt bttt $0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to

the USPTO as an International Searching Authority.........ccocveiiciciivniscnen $120
international Search Report prepared by an ISA other than the US and provided to

the Office or previously communicated to the US by the 1B ..o $480
Al Other SIUBHONS ...ttt rai st oseer s ecaaens $600

$ 480.00

TOTAL OF 18,19, and 20 =

$ 1,480.00

D 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} in an
electronic medium or computer program listing in an electronic medium) (37 CFR
1.492(})).
Fee for each additional 50 sheets of paper or fraction thereof ...........cc..cccvvvrveverrciveconenn, $400

Number of each addition 50 or fraction RATE

Total Sheets Exira Sheets thereof (round up o a whole number)

-100= 150 = x $400

Surcharge of $140.00 for furnishing 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)).

E<5

CLAIMS NUMBER FILED NUMBER EXTRA RATE

Total claims 20-20= 4] X $80

Independent claims 3.3= 0 X $420

MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $780

Processing fee of $140.00 for furnishing the English translation later than 30 months from the
earliest claimed priority date (37 CFR 1.492(i)). +

TOTAL OF ABOVE CALCULATIONS =

$
$
$
3
$

1,480.00

D Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by %.

Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15A or B or equivalent.

TOTAL NATIONAL FEE =

1,480.00

Fee for recording the enclosed assignment (37 CFR 1.21{h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property. +

TOTAL FEES ENCLOSED =

$
$
$
$

1,480.00

Amount to be $
refunded:

Amount to be $
charged:
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PTO-1390 (05-13)

Approved for use through 6/30/2013. OMB 0651-0021

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

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

a. D A check in the amount of $ to cover the above fees is enclosed.
b. D Please charge my Deposit Account No. 07-1180 in the amount of $ to cover the above fees.
C. The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit
Account No. 07-1180 as follows:
i any required fee.
i any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim
fee required under 37 CFR 1.492(f).

d. Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not

be included on this form. Provide credit card information and authorization on PTO-2038. The PT0O-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PT0O-2038 may NOT be faxed to the USPTO.

ADVISORY: [f 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 to pay 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.

Correspondence Address

The address associated with Customer Number: 25006 OR D Correspondence address below
Name
Address
City | state | | Zip Coe |
Country Telephone ‘
Email
Signature MWeston R. Gould, Ph. D./ Date February 12, 2014
Name Registration No.
ErntTType) Weston R. Gould, Ph. D. (AtiomeyiAgart 59,142
[Page 3 of 3]

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 87




PTO/SB/T (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Complete if known

F E E TRAN S M |TTAL Application Number Not Yet Assigned

Filing Date

First Named Inventor David Ofer
D Applicant asserts small entity status. See 37 CFR 1.27 Examiner Name Not Yet Assigned
l:l Applicant certifies micro entity status. See 37 CFR 1.29. | ArtUnit N/A

Form PTO/SB/15A or B or equivalent must either be enclosed
or have been submitted previously

TOTAL AMOUNT OF PAYMENT [ ($) 1,480.00

METHOD OF PAYMENT (check all that apply)

D Check Credit Card D Money Order D None D Other (please identify):

Practitioner Docket No. TIA-10102/57

Deposit Account Deposit Account Number: 07-1180 Deposit Account Name:_Gifford, Krass, Sprinkle, Anderson & Citkowski, P.C.
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
D Charge fee(s) indicated below I:] Charge fee(s) indicated below, except for the filing fee
Charge any additional fee(s) or underpayment of Credit any overpayment of fee(s)

fee(s) under 37 CFR 1.16 and 1.17
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PTO-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)
FILING FEES SEARCH FEES EXAMINATION FEES
Application Type U ($) 8% M ($) u (s S(3) M {$) uis S M (5 Fees Paid ($)
Utility 280 140* 70 600 300 150 720 360 180
Design 180 90 45 120 60 30 460 230 115
Plant 180 90 45 380 190 95 580 290 145
Reissue 280 140 70 600 300 150 2,160 1,080 540
Provisional 260 130 65 0 0 0 0 0 0

* The $140 small entity status filing fee for a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web.

2. EXCESS CLAIM FEES

Fee Description Undiscounted Fee ($} Small Entity Fee ($) Micro Entity Fee ($)
Each claim over 20 (including Reissues) 80 40 20
Each independent claim over 3 (including Reissues) 420 210 105
Muitiple dependent claims 780 390 195

Total Claims Extra Claims Fee ($) Fee Paid ($) Multipie Dependent Claims

20 -200rHP = 0 X = Fee (3} Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid (3}
3 -3orHP = 0 x =

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SIZE FEE
If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)), the application size
fee due is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee {3} Fee Paid {$)
-100 = /50 = (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)

Non-English specification, $130 fee (no small or micro entity discount)
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity)

Other (e.g., late filing surcharge): 1631 Basic National Stage fee 280.00
1633 National Stage Examination Fee - all other ... 720.00

| 1642 National Stage Search Fee - search report ... 480.00

[SUBMITTED BY T T T — - -

Signature MWeston R. Gould, Ph. D./ e eny 59,142 | Telephone  (248) 647-6000

Name (PrintType)| Weston R. Gould, Ph. D. Date February 12, 2014
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Attorney Docket Number | TIA-10102/57

Application Data Sheet 37 CFR 1.76

Application Number

POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES

Title of Invention | oy oRISING THE SAME

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

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

Applicant Information:

i 1
222::2::: Authority @Inventor | (Olegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix] Given Name Middle Name Family Name Suffix
Mr. David Ofer
Residence Information (Select One) (¢) USResidency (O NonUSResidency () Active US Military Service
City | Needham State/Province | MA Country of Residencéd | US

Citizenship under 37 CFR 1.41(b} us
Mailing Address of Applicant:

Address 1 37 Booth Street

Address 2

City Needham State/Province MA
Postal Code 02494 Countr&r us

Applicant 2
Applicant Authority (®lInventor | (OLegal Representative under 35 U.S.C. 117 (OpParty of Interest under 35 U.S.C. 118

Prefix{ Given Name Middle Name Family Name Suffix
Mr. Adrian W. Pullen

Residence Information (Select One) (o) US Residency () NonUSResidency () Active US Military Service

City | Boston State/Province | MA Country of Residencé | US

Citizenship under 37 CFR 1.41(bj us
Mailing Address of Applicant:

Address 1 35 Boylston Street, #3

Address 2

City Boston State/Province MA

Postal Code 02130 Countrgl us

Applicant 3

Applicant Authority ®Inventor | (Olegal Representative under 35U.8.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix; Given Name Middle Name Family Name Suffix
Mr. Suresh Sriramulu

Residence Information (Select One) (¢) US Residency (O NonUS Residency () Active US Military Service

City | Arington State/Province | MA Country of Residemﬁéﬁcﬁaﬁ El’iﬁ{eLM v. TIAXLLC
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Attorney Docket Number | TIA-10102/57

Application Data Sheet 37 CFR 1.76

Application Number

POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES

Title of Invention | -ouBRISING THE SAME

Citizenship under 37 CFR 1.41 (bj us
Mailing Address of Applicant:

Address 1 23 Virginia Road

Address 2

City Arlington State/Province MA
Postal Code 02476 Country | US

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

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

Customer Number 25006
Email Address | AddEmail |  |Remove Email

Application Information:

Title of the Invention cp;gkAYPCRngE\jE%’Hggp“j\ngL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES
Attorney Docket Number| TIA-10102/57 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center (if any) N/A

Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication (if any)

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

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.

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

Representative Information:

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

Enter either Customer Number or complete the Representative Name section below. [f both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number (O US Patent Practitioner | (O  LinR@30ReEogretidn (JTABERCI 1.9)
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TIA-10102/57

L. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES

Title of Invention | \pRISING THE SAME

Customer Number ' 25006

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 U.8.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status

Application Number

Continuity Type

Prior Application Number

Filing Date (YYYY-MM-DD)

a 371 of international

PCTUS2012048602

2012-07-27

Prior Application Status

Application Number

Continuity Type

Prior Application Number

Filing Date (YYYY-MM-DD)

61575115

2011-08-16

PCTUS2012048602 non provisional of

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

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

] Remove i

Priority Claimed

O Yes (O No

Application Number Country' Parent Filing Date (YYYY-MM-DD)

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

Assignee Information:

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

Assignee 1

if the Assignee is an Organization check here. X

Organization Name TIAX LLC

Mailing Address Information:

Address 1 35 Hartwell Avenue

Address 2

City Lexington State/Province MA
Country | US Postal Code 02421
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add

button. POSCO Future M v. TIAX LLC
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Attorney Docket Number | TIA-10102/57

Application Data Sheet 37 CFR 1.76

Application Number

POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES
COMPRISING THE SAME

Title of Invention

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature |/Weston R. Gould, Ph. D./ Date (YYYY-MM-DD)| 2014-02-12

First Name | Weston Last Name | Gould, Ph. D. Registration Number | 59142

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Attorney Docket No.: TIA-10102/57

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
DECLARATION FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

[ believe I am an original, first and joint inventor of the subject matter which is claimed and
for which a patent is sought on the invention entitled:

POLYCRYSTALLING METAL OXIDE, METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

the specification of which was filed on July 27, 2012 as Application No.
PCT/US2012/048602.

I hereby state that I have reviewed and understand the contents of the above identified
specification, including the claims, as amended by an amendment, if any, specifically referred
to herein.

I acknowledge the duty to disclose all information known to me that is material to
patentability as defined in 37 C.F.R. § 1.56.

FOREIGN PRIORITY CLAIM

I hereby claim foreign priority benefits under Title 35, United States Code § 119(a)-(d) of any
foreign application(s) for patent or inventor’s certificate listed below and have also identified
below any foreign application for patent or inventor’s certificate having a filing date before
that of the application on which priority is claimed:

no such foreign applications have been filed

D such foreign applications have been filed as follows:

Page 1 of 4
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Attorney Docket No.: TIA-10102/570Client's Reference:

EARLIEST FOREIGN APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION

Priority Claimed

Date of Filing Under 35 USC 119

Application Number Country

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION

Application Number Country Date of Filing

CLAIM FOR BENEFIT OF EARLIER U.S. PROVISIONAL APPLICATIONS

I hereby claim priority benefits under Title 35, United States Code § 119(e), of any United
States provisional patent application(s) listed below:

D no such U.S. provisional applications have been filed.

such U.S. provisional applications have been filed as follows:

Application Number Date of Filing Ul;r(;(;?% ([Sjlggnfclig
61/575,115 August 16, 2011 X Yes No

CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S)

I hereby claim the benefit under Title 35, United States Code, § 120 of the United States
application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose
all information that is material to patentability as defined in 37 C.F.R. § 1.56 which became
available to me between the filing date of the prior application and the national or PCT
international filing date of this application:

Page 2 of 4
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Attorney Docket No.: TIA-10102/570Client's Reference:

@ no such U.S./PCT applications have been filed.

D such U.S./PCT applications have been filed as follows:

Application Number Relationship Parent Application Date of Filing

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Please direct all correspondence to Weston R. Gould at the address associated with Customer
Number 25006.

Full name of sole or first inventor

David Ofer

Sole or first inventor’s signature Date
RN 1’0‘(\”@ o

Residence

Needham, MA

Citizenship us
Mailing Address

37 Booth Street
Needham, MA 02494

Full name of second inventor, if any

Adrian W, Pullen _—

Second mventor's Signame Date
W //25/1Y

Residence
Boston, MA
Citizenship us

Mailing Address

65 Boylston St., #3
Boston, MA 02130
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Attorney Docket No.: TIA-10102/570Client's Reference:

Full name of third inventor, if any
Suresh Sriramulu

Third inventor’s signature Date

/62 (9//29//,0/9

Residence

Arlington, MA

Citizenship us

Mailing Address

23 Virginia Road
Arlington, MA 02476

Page 4 of 4
POSCO Future Mv. TIAX LLC

POSCO Future M EX1005
Page 96



PTO/SB/80 (11-08)

Approved for use through 11/30/2011. OMB 0651-0035

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, na persons are required o respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached statement under

37 CFR 3.73(b).

| hereby appoint:

Practitioners associated with the Customer Number:

OR

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

25006

Name

Registration
Number

Name

Registration
Number

as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents

attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

D The address associated with Customer Number:

OR
Firm or
individuat Name
Address
City State Zip
Country Telephone Email

Assignee Name and Address:

TIAX LLC

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,

and must identify the application in which this Power of Attorniey is to be filed.

The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

SIGNATURE of Assignee of Record

Signature \/) L z/ 2« 4; . W / Date 74y, LY, LOIS
Name Joséph M’ Centéfanti Telephone ?&7- &7 7 - /2 &5
Title General Counsel, TIAX, LLC
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Docket No.: TIA-10102/57

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Utility Application of:
David Ofer et al.
Application No.: National Stage of Confirmation No.: N/A
PCT/US2012/048602
Filed: Concurrently Herewith Art Unit: N/A
For: POLYCRYSTALLING METAL OXIDE, Examiner: Not Yet Assigned

METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

FIRST PRELIMINARY AMENDMENT UNDER 37 C.F.R. 1.115

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Madam:

INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:
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Application No. National Stage of PCT/US2012/048602 2 Docket No.: TIA-10102/57
First Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

Please insert the following paragraph on page 1, following the title:
This application is the U.S. national phase of PCT/US2012/048602, filed July 27, 2012,
which claims priority from U.S. provisional patent application Serial No. 61/575,115, filed

August 16, 2011, the contents of each of which are incorporated herein in their entirety.
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Application No. National Stage of PCT/US2012/048602 3 Docket No.: TIA-10102/57
First Preliminary Amendment

AMENDMENTS TO THE CLAIMS

1. (Currently Amended) A particle, comprising:
a plurality of crystallites comprising a first composition having a layered o-NaFeO,-type
structure and comprising

lithium 3

nickel i

oxygen; and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having the layered o-NaFeO,-type structure, a cubic structure,
or a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

2. (Original) The particle of claim 1, wherein the grain boundary is substantially

rectilinear in cross-section.

3. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 2]], wherein a
direction of a surface of the grain boundary is different than a direction of a tangent of a nearest

outer surface of the particle.

4, (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 3]], wherein the
particle comprises a first grain boundary and a second grain boundary, wherein the first grain
boundary and the second grain boundary are each directly on a same crystallite of the plurality of
crystallites, and wherein the first grain boundary and second grain boundary intersect at an angle

determined by a crystal structure of the first composition.

5. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 4]],

having an average grain boundary length of about 50 to about 1000 nanometers,

POSCO Future Mv. TIAX LLC
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Application No. National Stage of PCT/US2012/048602 4 Docket No.: TIA-10102/57
First Preliminary Amendment

having an average grain boundary thickness of about 1 to about 200 nanometers,

wherein the grain boundary has a length of about 50 to about 1000 nanometers, wherein
the length is parallel to a surface of an adjacent crystallite, and

wherein the grain boundary has a thickness of about 1 to about 200 nanometers, wherein

the thickness is perpendicular to the crystallite surface.

6. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 5]], wherein

the second composition comprises

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the second
composition,

nickel in an amount of about 0.1 to about 0.95 mole, per mole of the second composition,

cobalt in an amount of about 0.02 to about 0.99 mole, per mole of the second
composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the second

composition.

7. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 6]], wherein

the first composition may further comprise an additional metal, wherein the additional
metal of the first composition is present in an amount of about 0.01 to about 0.9 mole, per mole
of the first composition;

the second composition further comprises an additional metal, wherein the additional
metal of the second composition is present in an amount of about 0.01 to about 0.9 mole, per
mole of the second composition; and

the additional metal of the first and second compositions each independently comprise

Mg, Sr, Ca, Cu, Zn, Mn, Al, V, Ba, Zr, Ti, Cr, Fe, Mo, B, or a combination thereof.

8. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 7]], wherein
the first composition comprises Mn, and the Mn is present in the first composition in an

amount of about 0.01 to about 0.6 mole, per mole of the first composition, and
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Application No. National Stage of PCT/US2012/048602 5 Docket No.: TIA-10102/57
First Preliminary Amendment

the second composition comprises Mn, and the Mn is present in the second composition

in an amount of about 0.01 to about 0.6 mole, per mole of the second composition.

9. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 8]], wherein

the first and second compositions each independently comprise a composition of
Formula 1:

Li,Q',Q/M'0, (1) ,

wherein Q] is Mg, Sr, Ca, Cu, Zn, or a combination thereof, Q2 is Mn, Al, Mg, Ca, Sr,
Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga, or B, or a combination thereof, M' is Ni and Co,
0.1<a<1.2, 0<y<0.2, and 0<z<0.6; or

the first and second compositions each independently comprise a composition of
Formula 2

LiNi(1x5CoxM2,0p (2)

wherein M? is Al, V, Ti, B, Zr, Mn, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.2, and 1.7<b<2.3; or

the first and second compositions each independently comprise a composition of
Formula 3:

LizNi() xy»CoM’Mn,0p  (3)

wherein M is Al, V, Ti, B, Zr, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.1, 0.15z<0.6, and 1.7<b<2.3; or

the first and second compositions each independently comprise a composition of
Formula 4:

LiaNi¢1-C0402 @)

wherein 0.1<a<1.3 and 0<x<0.2 or 0.2<x<0.5.

10. (Currently Amended) The particle of any-of claim[[s]] 1 [[to 9]],
wherein the first composition comprises a composition of Formula 4 wherein 0<x<0.2,

and the second composition comprises a composition of Formula 4 wherein 0.2<x<0.5.
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Application No. National Stage of PCT/US2012/048602 6 Docket No.: TIA-10102/57
First Preliminary Amendment

11. (Currently Amended) The particle of any-of claim[[s]] 1 [[to 10]], wherein
a concentration of cobalt in the crystallites is about 0.25 to about 17 atomic percent, and
a concentration of cobalt in the grain boundary is about 0.5 to about 32 atomic percent,

each based on a total atomic composition of the particle.

12. (Currently Amended) The particle of any-ef claim[[s]] 1 [[to 11]], further
comprising a layer on a surface of the particle, wherein the layer comprises an oxide, a
phosphate, a pyrophosphate, a fluorophosphate, a carbonate, a fluoride, an oxyfluoride, or a

combination thereof, of Zr, A1, Ti, Al, B, or Si, or a combination thereof.

13. (Currently Amended) A particle, comprising:
a plurality of crystallites comprising a first composition having a layered o-NaFeO,-type

structure and comprising

lithium -4

nickel in an amount of about 0.1 to about 0.79 or about 0.91 to about 0.99 mole, per mole

of the first composition,

and

a grain boundary between adjacent crystallites of the plurality of crystallites and

comprising a second composition having a layered o-NaFeO,-type structure, a cubic structure, or
a combination thereof,
wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

14.  (Canceled)

15. (Currently Amended) A method of manufacturing a particle, the method

comprising:
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combining a lithium compound, a cobalt compound, and a nickel compound to form a
mixture;

heat treating the mixture at about 30 to about 200°C to form a dried mixture;

heat treating the dried mixture at about 200 to about S00°C for about 0.1 to about 5 hours;
then

heat treating at 600 to about 900°C for about 0.1 to about 10 hours to manufacture the

particle, wherein the particle comprises a plurality of crystallites comprising a first composition

having a layered a-NaFeO,-type structure and comprising Li, Ni, [[Co,]] and O, wherein

first-eompeositions-and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having a layered a-NaFeO,-type structure, a cubic structure, or
a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration of

cobalt in the crystallites.

16.  (New) The particle of claim 1 wherein said first composition comprises cobalt in

an amount of 0.01 to about 0.5 mole, per mole of the first composition.

17. (New) The particle of claim 1 wherein
said lithium in said first composition is in an amount of about 0.1 to about 1.3 moles, per

mole of the first composition,
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said nickel in said first composition is in an amount of about 0.1 to about 0.79 mole, per
mole of the first composition, and
said oxygen in said first composition is in an amount of about 1.7 to about 2.3 moles, per

mole of the first composition.

18.  (New) The particle of claim 13 wherein said first composition comprises cobalt in

an amount of 0.01 to about 0.5 mole, per mole of the first composition.

19. (New) The particle of claim 13 wherein

said lithium in said first composition is in an amount of about 0.1 to about 1.3 moles, per
mole of the first composition,

said nickel in said first composition is in an amount of about 0.1 to about 0.79 mole, per
mole of the first composition, and

said oxygen in said first composition is in an amount of about 1.7 to about 2.3 moles, per

mole of the first composition.

20. (New) The method of claim 15 wherein

said lithium in said first composition is in an amount of about 0.1 to about 1.3 moles, per
mole of the first composition,

said nickel in said first composition is in an amount of about 0.1 to about 0.79 mole, per
mole of the first composition,

cobalt in said first composition is in an amount of 0 to about 0.5 mole, per mole of the
first composition, and

said oxygen in said first composition is in an amount of about 1.7 to about 2.3 moles, per

mole of the first composition.
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REMARKS

In view of the above amendments and remarks, Applicants believe the pending

application is in condition for allowance.

Dated: February 12,2014 Respectfully submitted,

Electronic signature: /Weston R. Gould, Ph. D./

Weston R. Gould, Ph. D.

Registration No.: 59,142

GIFFORD, KRASS, SPRINKLE, ANDERSON
& CITKOWSK]I, P.C.

2701 Troy Center Drive, Suite 330

Post Office Box 7021

Troy, Michigan 48007-7021

(248) 647-6000

(248) 647-5210 (Fax)

Attorney for Applicant
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(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Utility Application of:
David Ofer et al.
Application No.: National Stage of Confirmation No.: N/A
PCT/US2012/048602
Filed: Concurrently Herewith Art Unit: N/A
For: POLYCRYSTALLING METAL OXIDE, Examiner: Not Yet Assigned

METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

INFORMATION DISCLOSURE STATEMENT (IDS)

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

Pursuant to 37 C.F.R. § 1.56, 1.97 and 1.98, the attention of the Patent and Trademark
Office is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully
requested that the information be expressly considered during the prosecution of this application,

and that the references be made of record therein and appear among the “References Cited” on

any patent to issue therefrom.

This Information Disclosure Statement accompanies the new patent application submitted

herewith.
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Application No.: National Stage of PCT/US2012/048602 2 Docket No.: TIA-10102/57

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S.
patents and U.S. patent applications. Applicant submits herewith copies of foreign patents and

non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure
Statement shall not be construed to mean that a search has been made or that no other material
information as defined in 37 C.F.R. § 1.56(a) exists. In accordance with 37 C.F.R. § 1.97(h), the
filing of this Information Disclosure Statement shall not be construed to be an admission that any
patent, publication or other information referred to therein is “prior art” for this invention unless

specifically designated as such.

It 1s submitted that the Information Disclosure Statement is in compliance with 37 C.F.R.

§ 1.98 and the Examiner is respectfully requested to consider the listed references.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be
filed or which should have been filed herewith to our Deposit Account No. 07-1180, under Order

No. TIA-10102/57.

Dated: February 12, 2014 Respectfully submitted,

Electronic signature: /Weston R. Gould, Ph. D./

Weston R. Gould, Ph. D.
Registration No.: 59,142

GIFFORD, KRASS, SPRINKLE, ANDERSON
& CITKOWSKI, P.C.

2701 Troy Center Drive, Suite 330

Post Office Box 7021

Troy, Michigan 48007-7021

(248) 647-6000

(248) 647-5210 (Fax)

Attorney for Applicant
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HL1iZBWT, A2 7RI h (Mg) . TAIZIA (A L) D30
1ETHS, ald0=sa=0. 10THs, p. a. rii. 0. 05sp=<1. 15,0
L ASq+r=0. 70, 0. 055r=0. 40TH5B., )

[0010]

B2 DFEHIL .

EBBIUEEL EFEE . 2BALERTH- T,

&L, BLOEBEWE L . B20EEEWEL%. 95: 5~70: 300&EEH
(381 OERRENE : B20IEEEWE) TRALCEAME D AT EEWEZHEL .
B 1 OEEEE.

DF77h (Li), 20k (Co) | BI1TEBIUHE2TERZELYFI7A0L
MEERUE | B 1AIRA TTHEB LU 28RS TEL .
EFEHTHLOTHY.

IR, TVIZVL (AL) 20L (Cr) (NFEIL (V)Y 20y (
Mn) BLUE (Fe) 6% NI bR L 1ETHY.

W2TTHRIE. v/ FIA (Mg) BXUALI L (Ca) o dBEDd b
<ELIHETHY.

BIBEATRE. 79 (Ti) PNamms(Zr) BXUNT7ZYA (HT)
PoOLBHDI bV L L 1IFTHYD .

2B TTRIZ. 74 FE (Si) . #INe2TA (Ge) BEUAZ (Sn) bl
BHD I LD L L 1TETHY.

ansibh (Co) &L BLIHRE. B2FL0THIEZ. 20k (Co) Dk %
a, BILROMRE D, FE2REOHRE cLTHE. FNPFN0. 95a<]l, 0.
001=b=0. 05, 0. 001=c=0. O50@B/THY.

Bl OB ICENEERIZ. 220V (Co) [CHTAHE&T. 0. O1lmo 1 %L
E10mo 1 BLTORHEATHY .
B2DRIRATTROEERIT. 279V (Co) IZHTAHA&T. 0. O1lmo 1 %L
F10mo 1 %PITFo&sEMTRD
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52 OSSR

L1 TRENBVFTLERSEEARITHI L
FREETAENTH S,

(k1)

Li,Nig.q;Co,Mn,A,0O,

ELIZBWT AR AL (Mg) . TASZTAL(AL) 3B L
1®BTHS. ati0=sas0. 10THA, p. a. rit. 0. 05€p=1. 15,0
. ASqg+r=0. 70, 0. 05=r=0. 40TH5H, )

[0011) '

COFRWTIE., B1LOEEENEICB W, Bl TEBIVE 2 TELEREGLY F
VAN MEEBINEEE TS LI, B1ERSTEB I UB 2RI TTELE
BEETHICLT, SN EEER X VMLI LI LN TES, o7,
BCHVWEEIC, BEFFES SRR EEmM EI A2 LT 2 0. FilEk
BUIS9A7VEELMLESEREI LN TESL, . B1OEEENEL B201H
HE L FIEOHIGTRET A3 Lo, etz b TS EBillicHW 1SS
. RIEFEBS L UERIEBITA YA 7 NVEBE2 S LICMESY AT LHTES,

[ S SE )

[0012]

IOFMICIIE. FREMEOFTELEZMEI L EHTE . BilllcAVWIBA
. ENIRER B L UERICB AT A 2 NVEERS A LA TE S,

[FEA% 52T B 72D R OTGRE)

[0013]

LITF . CORBAOEBREICOWTHE 2SR LAY ST 2., 8. UTOEHY
Bo2BzBWTE, B—Z 72030653 2 Bz f—ofs 2443,

[0014]

Z DFEHO—EHIPREIC L 2 EREEIL. 81 OEBEWE L | B20FBEnE -
ZRE LLREEMEDR2L0THS,

[0015)

1 DEEFEWEIE. BTFRTHD . VF 74 (Li) Lk, a2k (Co) i
JF 7 L9 MEARMUMEET S, 2720 VF L (L1) BXUaUbk (Co)
RIMZT, 362, TAIZTL(AL) . 70ah (Cr)  NFETIA (V) | wvd
Y AMn) BLUS (Fe) oL bB 03500 7%< L 1BOB1ITEL, 274
VA (Mg) BEUALLTL (Ca) PoLLbHDI oSy 1TBOE2TEL
EEATWS, B1TREBELOBEIAINE-PREVDOT, BITEZEDI LR
DU I AHPEIREORERASE R BEICRET A LTE . 2. B2NER S
DL VEFEEEEMEI LI LWTCEZNLTHS,

[0016]

ZOYFTILN MEARRICBITA R (Co) . BI1TEY . B2nE
EDENHIZ. a2V ok E a. B1THROMREZ D . B2 TEOMHKREZcLTH L
LERFEROD. 95a<1,. 0. 001=b=0. 05. 0. 001=<c=0. O50O#
BATHAEZLHFE LW, UL E (Co) DEFENZL b L IFINEIEIET L
gV, S L LFEREERPETLCLE S, B1TEOSEENE 25 LEERN
TDVFI LA F DB ESNTLEW, P%<LLr L UFh (L) Bkt
REDESRFHEZ BEICRETAHEVELS Lo TLE Y. B2REDEFEIZ< LS
ERESREDHBAES T L E v $7% <% b L{EEHm EOBRMELS A>T L &
T
[0017]

. COEBEWEIL. 5. F72(Ti) ¥Nanvs (Zr) BEXUNY
ZOA(HT) o%bB0 0075 L 1BOB 1 BIRSTTEE . ¥ 4% (Si)
FR22 A (Ge) BYTFZZ (S 1) mad 28OS Hoyvi7e-< 1, 1 Koy 2 B
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AR 2 EATWS,

[0018]

1 BN TR < L L8, WIZIBEESE (O) 2&8F 3244, i3k
(O) BEUYF YL (Li) 2&HTAAMLLE LT, VI8 MEATERE
MOFREFRRIRICTFEL TW5, PIZTEBREWEFE LERSTHREL LTI anya (
Zr) 2EUHEII. BLERSTERETHE N AL (Zr) oS L b—8lE
L BIZEEBE SN A A IV VB F A EOE L LT . UG AN
IV NESBUIOBERIRICIELTWS, JAI LYY F Y A0 MESTR IO
EEE L D EEIS BRI EDTEL L SITH->T WS, 7B, 81 8RS TED—E
BYF7 A0 MEABEMICEE L TWTL k<L g, VR AL R EAEML
MORFORBICHFEEL TWTH W,

[0019)

E1BRATEOEFERIL. VF AN NESBIOa Vs (Co) 23 2
& (BLERSTTE VR T, 0. 0lmo 1 %L E1 Omo | BLITOEEMN
THHZEDFE LV, 81 BRI TCREOEFES VLV HDRREL I LS TE
TLBWEEEBPETLTLE IS THS,

{0020]

F7o. BREIRNTTHROI L L L—Hld. PIZITEEE (0) 28HT2eMm. 72
BEER (O) BIUYFIA (L) 28FTEWELE LT, VF2 A0 E
ARAIOFRERERFUCHFEL T\, PIZ IETREWESSE 28RN THEEL LTAX (S
n) FEUHEICE. B8RS TTETHEAX (Sn) OV L—EiE, #2158
ACAXEIAIATEE) F 7 L% Yofbain: LT, VA0 MESTE USSR
RICEELTWS, JhUZE DU F2 A0 MESEUIIOR SES X Disels ¢
BIEWTERL I 2TWA, BB, B2EEHTHEO—HIL) F7 L0 N ES
B EICEE L TWT L X<, /. VP Aa L MEARLIIOR T ORTICHEIEL
TWTh W,

[0021)

B2ERNSTHREOEERIZ. VI LN N EABILBO AL (Co) 232
#E (B28WATHE /270 F) T, 0. 01lmo 1 %LIE1 Omo | BLIToEHM
THHIEFE LW, B2 TROEFEN DLV E TR EBL LN TE
FTEBWERERPETLTLESI RS THS,

[0022]

Y Fr2 LV MEAEBIEIO G, BT TRENS,

(k1)

Li,Co,M1,M2.0,

(b TicBWT, M1 1T, M2I3B2tE2RL . x, a. bBXUclizh?
nO. 9=sx=1.1.0. 95a<1.0. 001=b=0. 05.0. 001=c=
0. 05, a+b+c=10HBNOETHS. )

[0023]

B OEmEWER. FIAE. BRI/, VN roa s Meae . 8BRS TS
FEULAME | B2RIRN TR L ETLAME 2 BRES Y BIARI . BEkEF -
U L7 EDTAA VEBRZEMZ T, RE229V M X0 Meat L 228 1 Bl
NTHERBLUE 2REN TR EHASEDE. ORIV M EDa L Mué
LoRER)FI AR EDY T MLEE | 1 TERELATE . B2 TER ST
EWEERAEL. BRI ECINBAZLYTES,

[0024]

B2 OIEEWEIL. RITTREIND U F 7 LABESESAHIMTH A,

(4k11)

Li,Nig 4. Co,Mn,A,O,
(k20737 A2 AL A (Me) TILEZWA (A TY O3BV P 4
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1BThb, ald0sa=0. 10TH5. p. . rit. 0. 05=p=1. 15.0
L A40=q+r=0. 70, 0. 05=r=0. 40TH2s, )

[0025]

B2OIEEWES. KIHZBWT, 0. 40=2q+r=0. 60THLLONINITF
LV, INSEENBLNRLDLTHS,

[0026]

1 DERREMESE | B2OEMEMEL DREAERHIZ. 95:5~70:30TH
5. W2OEEWEDORE* FEEH LD . P0<$hL . B20FEREWEELNL S
L BHEP NSRS THS, 2. BR2OFEEDEOSE: FERHELY . 2
95L&, THEEFETTEPL5THS,

{0027]

55 1 DIEBEMEORRIE, FHORZE TS um~25 umdPFE L\, FHREZEN25
pmZEEZL5E . AWBEESELET$TA2LTHY . 3. 25 umEEL 500l
BGELHEWWPLTH S, B2OIEMEMENNERIL . HRET L um~1 5 umbiF
L, PHRES 1 5 umE B2 5L . BiESELETTA2LTHY . $/2. 2
SumZBLALOIFEELEVILTHS,

[0028]

E2. Bl OEBEWEDOTEREL | 52 DIEREWED TR ORZRE ( T3
1 DIEBEWEDTHIRIE /B2 OTEBEWEDOPIE ) ) . (B1oEEEwED
FERIRE B 2DOTEBEMEOFERE) > 1. 6FE L. 15> (B 1OTEEY
BOPHRE B 20OEREEDTRE) 21. 6 7THAZLBEINFZLL. 5
2 (55 1 DIEAREWEOTRE B2 DEEEWED SRR 21. 6 7TThHBI L
PRICEE L, B10OEREDE Y | B20FRENE L ORBENNSTELYL . %
BEEPMETL, g B1OFWEENEL | B20ERENE L DRRENIKETETL
. TCEESETL . BHICHWSEEIZ. EBPETLTILE S »STHS,

[0029]

ZDFEHO—EEIEREC X 5 EEWE Tld. 8 1 OEEEWECBWT . 81 TEB
JUB2TREZIEREEST Y F 72000 MESEUIE&F T2 iz, 81 3RST
FBIVE 2RI TREIERSET 2L 20T, ERlEoseEtz L hmtE
SEBILNTESL, LT, BHUCHWISEIC . BIEES L OEERER m L34
HIEWTED LI BRIZBTZTA 7V EBELMESELILHTE S, 370 8
1 DEGEMEL | B20IEHEWE L 2PIROSETREAT S L3 Li-oT, FEit
EEbETE BHICHWEHE KREBFEB L UESEICBIT B4 2R S S0
k3¢ rhcas,

[0030]

RIZ . ZOFBAD—EHIGREC L 5 IERREIE 2 W T3REBHOE 1 oflicoWT
B195.

[0031]

R1id. ZORHO—EHIBREC L 5 EBEWE 2 e I EOE 1 DFlo—#k
Plem s TH 5. ZOREMI. B2, IRERE-XEHBTHD . 2/2@ 2
. UFTLALF KRB THS ., ZOZRBMTIE. —HOTEBRE LUEBY:HYD
SEEFBREICBAHEREESFIZIT4. 20VERIZA. 20VERZ TREIh
5. 4. 20VEMITHRESNLHBBEEOEMIL. F2iE4. 25VEE4. 60
VETFZ034. 25VEE6. OOVETTHS,

[0032]

ZOREME . WHORAMER L WHARALOTH D IR PEMEROERET 1
DAERIC . TRDIEE2 1 LW ROBE2 2752/8L—2 2 32N L CEE S BEE
BE20ZFLTWAS, BillfE1 13, PIZE=y ol (N1) O EWP SR8k (F
e) I DERINTEY | — I FSES B BRINTWS, EilEl 1 oM
Lt CREERAK D O 2 e b 3 ir R B 7B —SOMEET 1 2 1 38
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FhEIEES N TWS,
[0033]

Eilish 1 1 OFEERcIE, BillEE1 4L . CoOTHE 1 40MEICERT ShRe R
i1 5B LRI (P TC : Positive Temperature Coefficient) ¥ 1645, 4
27y P1TEALTHPLOLNAZ LIZI VDT SATE D Bilis 1 1 OPEHE
FHENTWS, "f&%l 413, IR, Bllim 1 1 L RAROMEICE DERETWS

o HEREEL ST, URIEHET 162N L CEHE 1 4 L ERMICERSATED .
V‘Jiﬁ'f"%%%;’ WiEsh ﬁﬁb‘%@ﬂ{]&&&kl DEMDOWIES—FELL & eI E&IZT 4 2
ZR1ISAPRIEL TEME 1 4 L BEEHEK2 0 L OEREHELINT S L5 10k -
TWb, BUEKHRT 1 613, BES LR T LIEREDERIC L DEFREZHIBL . K8
T L AREFELRBENLT2L0OTH L, ATy 1 7iE. BIZIE, #EEEic LD
MRINTHBY ., KEREBT A7 7V EPEHSATWS,

[0034]

BEEMBE2 013, B2, v d—Er 2452 hSEEISNTWA, BEEHE 2
ONER2 LIZIZTIVEZTL (AL) XLV ATERY— R 25PN TED .
B2 2232yl (N1) X040 58BY — K2 68530 WaA, FiEY—
R251I3ZeMER 1 SIOBERINAZ LICENEHE L 4 L EENICESRINTEY .,
iR —F 2 613ElE 1 L ICBEBESNERMICERIN TNV,

[0035]

H2ik. FSRLGEEIERE2 O 0—8% AL TRIWERTH S, SEERHE

2003, B2 1 L BBR22L 2N —2 232 AL CRBL . BEL-LOTHA,
[0036]

EE2 13, fI2iE, EREER21 AL, COTFEEER2 1 AOWEIICEIT SR
EREWEEB2 1 BEEHLTWA, EBEEEKR2 1A, FIZE. TAIZ0LERE
DEBFHICE VBRI TWS,

[0037]

EHREERE 2 1 Bld. 551 OEHIBREIC L 5 EREWE L | SBIIEL TREMEL
EDFEBHIBIUKRY 7 v b€ FrHAWIRY F I d0nFL o EDiEs
Fle2EATWS, JIUCE D IO REN T, EREEWEORESHEEF L OEEL .
BB LK EZM L35 2 L TE B L. SIRICBITA T4 2SR
MLESEBEZENTERLL I >TWA, 2B, L LITGRLZYF 7 A0k x i, #
AILTH;, T bLEERERDLOTHS.

[0038]

EEEWERE2 1 BOBREFEIZ2. Og/ /cmllk4. 0g cmilTORENT
BB EPFE LV, IERENNS WL BERE Y DOFEREINI LT LN,
REWEEFRROZBEESETL . BFHEB L CEREEFEPETLCLE I 05 TH S

[0039]

ﬁm?zﬁ PIZIE, FR2 1 LRRkC, BEEER22A | CORBEER22A
DWEIZERITLNCEEENEE 2 2BLRHLTWA, BBRESER2 2A. M.
SAZ FOSBEEIC L DR INT WA,

(0040

BfEEE 2 2Bl 2. BEEWEL LT, V7L REEB L URET 3 2
EDVMRE BB EOWTIDP 1S 2B 2 A TR INATE Y . KB

TEEHBIPEBHEEATVWTL LN,

{0041]

V7 L2 WEB LRI T2 2 L AR BBMEN: LTid, M0, B, sE
LIRS 5 WIS BBESLIR R L Y OREMEDBT 6 s, EMEIZIL. wihel
BERMTHWCL L, 2EDEFRAELTHAWCL EL . 34, PR TFROEL S
DFED FAEAT THWT L Fuy
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[0042]

UF LZWEB LR T2 2 AR BEME L LCd, 24, YFIaLES
IRTTR S BTRE LI SBTR I HRITE L LTEUMENET LR S, BikRY
iZid. V7L L G EZBRTRLEBREORK, 44 HorWHLa®m. 713V 5
7L EGEEBRTR-SEICROBE, A8, HAWNMLAW. i hen 1/
HEWE2BL EOBEIL L L—HICHETAHMEDET S S,

[0043]

ZDEILEBTRDAWIFESETFEL L TUL. 2. 2X (Sn) . # (Pb)
CTNEZTIL AVYYA(In) PAE(S1) B (Zn) .  TUFEY (S
b)), EX72(Bi) . ARIVL(Cd) .  R7FLTAh, FTIE(B) . HUTA
(Ga) PN h (Ge) . tFE(As)  H(Ag) Vazma 4y krY
A (Y) N7 A (HE) BEFohs, fTh . REAPENECSITS 1
ARDEBTHED HWIEEETLENTZ L FIXFE LV DT A EH B2 0NIAXT
Hb, TABBIPZAZIY F7 L2 EEB L URET NP RELS . BT/ F¥—
BEZRBLIEDNTELPLTHS,

[0044]

TAF(SL) DASLELTUI. BIZIE. 74E (Si) DitossoliaiEs LT
CAXA(Sn) . Zwd(NL) ($H(Cu) gk (Fe) aNbh (Co) .,  Tr
Ay (Mn) H#hi(Zn)  Ar¥746{(In) #M(Ag) . F2(Ti) . 7N
RZ7AL(Ge) | EATZX(B1) ., 7YFEY (Sh) BLUZ7as (Cr) bk
BHDILOVLKEL 1BEEULONETOLNA, AX (Sn) DE&EL LU, #I
ZIE. AX (Sn) LHOSE20RITREL LT, 74F (Si) . 2wy (Ni) |
fHl(Cu) . #k(Fe)., arnr(Co) . 2l (Mn) W (Zn). 4>¥
A (In) B(Ag) . F22(Ti) .  FAo2Ah (Ge) . EZX2X (Bi)
CTrFEY (Sh) BIUZOL (Cr) PoLbBENI b0l 1H2E01
DPBEFSNG,

[0045]

4% (Si) DLEWHE2WIAX (Sn) Dfbame LTiE, Bz, BE (0)
HEWIRER (C) 28LLOHPBTLI, 74F (S1) FABAX (Sn) &7
. ERLZE20BRITREEEATVWTL LN,

(0046 ]

LRV —% 2313, EEWICEETH 5 LI, EHREWE. SREDER 5 WG
IR LTINS RETH D . POoBEREESEZH L OV ED L S Loz v
Th I, Bl ERTFOTEE. Z2TUE7 4 Vb HIABBENIELT I v 2 AD
HEERHCRIZLZCLDZHWA ZLHTE . ZhHFEEREBLTUIVWTL LW, B2, 2
FLEBRYAL 74 Y74 VLEHWLZEPFZELL. ThERIA IR, HI52H5H0N
13T 3 v 7 A0 E X D AWEEOMEI L BES WL oEANWTL Ln,
[0047]

BRI, BRERL . COBWERZBRTIBEL R EATWS, EREEL LT
3. . Licl1Oo,. LiPFg, LiBF, . LiN(SO,CF,;),. LiN (S
0,CyF5) 3. HBWIL 1 As Fep KDY F 7 MERET Wb, BRFEIEICIIWT
p 1 EEZEWTL vy, 2EDERZRELTHWTL LW,

[0048]

B LT PIZE. r—79as2ry, yr—2LbaIo2hy, §-1RL057 k
YHBWIe —ATOI I WL EDT I N RER., BREBELTL Y REEOEL Y
BERT L2 REEE DL V| BV A I BRIV AT BB WIREES TN 7%
EDFRERIATIVRER. 1, 2-VA MRy, 1-ZhF2—2-AbFLL¥
o1, 2-VIbMRLEE Y FRILFQTIUBLVE2-AFAT I RO
G EDTI—TNREE. T P UNEEDI N YNRIEE. 2V 7 x5 RIEHE

WVESE ) VERT ZFLVERE F /00 R VA VP OFEREIE AT A A TR
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I, Wihup 1 EZBCHWTL <. 2B ERESLTHWTL LW,

[0049])

K. TOTRBUDEEF RO ONWTEHIAT S, THE2 11k, DTkl
TR 2, 9 IEPEEMEE . BRI | EERE 2R TR IRL . &
DEBEHZ N —XF)— 2 -0V R EOBEFICHBS S TCEREFIATY—LF
. RWT, COFEBERIA T —%IFBEER2 1 AICERL | B2 SB35k,
U= 7L 2 Sl X DR E L CIEREEE 2 1 BRERL . E&2 1 %1585,
[0050]

BE2203, UTOX 3 UCEET S, 9. BEEmEL | #sH 2EALTE
BAFIEZHEL | COBBAKIEN-AFIL—2-0) Ry EOBRIIC NS¢ TE
BEFAIATY—L T35, ROT, ZOBBEFIAT Y —2BEEEKR2 2 ACEHRLER
ZRIRSEOL, -V AL I L DR L CEBREWEE 2 2BRBRL
CEm22%455,

[0051]

R, EREEREIR 2 1 AICIERY — R 252 B0 S VDT 2 L i, als
BERZ22AICERY - R26 2BBL LI OWMOMTS. Fotk, EHR2 1L 8&2 2
EELNL—F23%A L CEEL . EHY— K 2 Sls 2 e ntisl 1 5 csEd
iz, BEY—R26DAHMEPEMEL LICIFEL T, BELATE2 1 BIUE
B2 2201 2. 1 3 THA, BiliE 1 1 OWHIZIHT 2, EE2 18I0
B2 22 ElE 1 1 OMEcEILzob | ERELEIE L 1ORERICEAL, €23
L—% 2312835, 20k, Bl 1 ORIEHIICENE1 4. ZeREE1 5
BIUEKRETFI6Z. A2y M1 T72ALTHLOAZLIZEVEET S, DL
XD RUSRLAZREHSERI NS,

[0052]

Z DR ERICREIC L B ERENE % W ZREWORE 1 OfTld. TERTS
&L PBIRZIE. EE2 125 ) F L4400, BREEENLTCER2 212 S
Nb, —hH. WEZTIE. FIZIZ. B2 255 VF 7 LA T 0 PRER . Bz
MLTCE®R2 1 ICWESh5,

[0053])

KT, COFRBO—EIBREC L 5 EREWE X VW X EHORE 2 fliconTE
Hi9% . R332, ZORHAD—EHBEEIC L 2 EEFEWEE HWe ZREROE 2 0F0
—RALRIRERTH S . ZoOTRERL. THRY-F3 1 BIUVERY—RK3 28
WO SN BHET 3 02 7 s LLAKROIEESS 4 1 OMNERICIEh L /A2 FL T
W3, ZOTREWMTIE, —HOEREE LUEHEY: Y OELTERECE T AHERE
EBFIZIEA. 20VERIZ4. 20VEBITEREINS, 4. 20VEMZ THER
NAHBEMEFOREL. FIZIF4. 25VEE4. 60VEITE234. 25VLIEG
. OOVUETFTHA.

[0054]

ERY—-F31B8LU0EBY—F3 213 2RZFAPLITEIRNTH D . HNESH4 1
DPER P IR WELZ IEF— R 22t Shtnwa, iU — K3 1.
PIZIETIN I 2 L EDEBMENC L DRI TE Y. ARy —-F3 21, flziF=
v (N1) Y OSBEMEIC L DRIV A,

[0055]

SMEEEA A 13, B, EE. @BREBIURIER ZoRICREEL 7 35—
T LRI DIED EbUELHEERHE L TWA, JHESM4 113, FIZIE. B OE A
e LT, BINEEHIRED B WSS L VEWWSEE IR WA,

{0056

Mg, M2 NI sLy . Kyrarry Ry Ly SRy o
EL Y HEWIZNHOHBEEEL ORI AL 7 4 VEIRIC L DR INTWA, Koy
PRI T2 7 L AT SEMCEN T WAMATRA . SEEIE SHERA N
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WIRDTIZZG L AF VA, 2y S hBH WIS EIc L VBRI TWS, B
B3, PIZIGERE L ABOBB L VERIATHWTL LWL, FM v i lickhik
EINTATL L, BhRREFILEICHT BERE<TEI LN TEILLTH S
o MMEEMA 113, #BE. $EEBIUEBINBLISIOMBOBEMZTWT L LW,

[0057]

SMEEHM A 1 L IEBRY— R 3 1BIUERY K3 2L 0flicid. FEY—F318k
VHEBY—R3 28 JMHEEEM 4 1 0oRBlL st 2m L3 AROBAZHETS
TRODFET 4 VLA 2HASNTNWE, BET7 4 NVL4 213, FRY—E31BLY
B —F3 200 L TESEZETIHEICI BRI, M. FRY—K3138
JUERY — R 3 20 L 28BN L DR S A8&cE. RUTFL Y K
7atly BERYIFL VB EWEZEER) ' a L o EOR I AL 7 4 g
LOHERINLZENFE LW,

[0058]

Blald. RIBIZRLABHETFI0ON I V— I VEICH - HERTH L, BihEF3
Om\Eﬁ3Dtﬁﬁ34t%LAV F35BLUEBFREI6EMLTHEL. AEL
2oDTHY | EIMNERIIRET— "3 TICL DREEIN TS,

[0059]) o

EE3 3. FIAE, FTBEEHRI AL ZOFBRESERS 3AOEEIICETSN:
EREWER33BEEHFLTWS, BE3413. 2. ABESEK34AL . Z0H
RS H3 4 ADWEICRT SWCBmENEE34BLE2HL TS, FHEESHK3 3
Al EEEWEE 3 3B, BBESEER34A. BEREWEE34BBLUwISL—435
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Ly {Ni(sub)i-a-b{/sub)Mn(sub)a{/sub)Co(sub)b{/sub}) YO 5 (2)

, which is at least one kind selected to be the anode material

{oxide powder {a}]

foliowing equation (1) which is the oxide powder (b)) is 530: 50 through 90: 10 from group comprising D is the
t, zr, hf, V, nb, ta: Cr, and the mo, W, mn, tc, re, fe, ru, os, co, th, ir, ni, pd, pt, au, au, ag, zn, ¢d, hy, B, &
aa, In, T, C, si, ge, sn, pb, N, P, as, sb i is at least one kind selected from the Ca and bl and is expressed as

Toxide powder (b1)]

following equation {2} in the above formula. Oxide powder satisfying the condition of the following equation 3
and 4 0.05<a<0.4, 0.1sb<0.4, 0.4<1-a-b<0.7, 0.955x<1.05, 1.95x+y<$2.3, and [oxide powder (b2)]

Ni, and the mixing transition metal of the Co and Mn are included: the m (Ni} / m (Mn) in
1.1003c# m (N / o (Mn) 003¢#1.5 (3)
0.4003c# m (Nisup)Z-+{/sup)) / m (Mn{sup)d-+(/sup)) 003c#1 (4}

3

the eguation may be the m {(Ni(sup)2-+{/sup)} / m (Mn{sup}4-+{/sup}) is the mole ratio of the Mn A
comparison Ni ¢ T itis the mole ratio of the manganese comparison nickel.

[

The anode material of claim 1, wherein the mixing ratio of oxide powders is 50: 50 through 70 30.

3 The anode material of claim 1, wherein the oxide powder (a) is the LiCoO , powder.

As for claim 1, the anode material wherein the oxide powder (b1) interconnects MO layers the part Nijon is

inserted that originate from the lithium ion among mixing transition metal oxide layer (‘MO layer ') is the MO

laver in the occulusion of the occulusion and lithium lon and emission layer (* reversible lithium layer ) it is
mitted.

As for claim 4, the anode material in which the Ni 2%+ and Ni 3 coexist in the MO layer and the part Ni 2
reversibles which is inserted into the lithium layer among that.

[y

The anode material of claim 5, wherein the molar fraction of the Ni 2 * reversibling is inserted into the lithium
6 layer in the oxide powder (b1) and is combined are the standard which is the whole transition metal of the
oxide powder (b1} 0.03 ~ 0.07.

S The anode material of claim 1, wherein the m (ND) / m (Mn) in the oxide powder (b2) is 1.2< m (N / m (Mn)
' <14,

As for claim 1, the anode material wherein the average oxidation number of the whole transition metal except
5

for the lithium in the oxide powder (b2) is 3.0 excess to 3.5 or less.

As for claim 1, the anode material consisting of the nickel (2) of the content wherein the nickel in the oxide

POSCO Future Mv. TIAXLLC
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powder (b2} corresponds to the nickel (1), of the manganese content comparison overshoot and manganese

content.
10 The anode material having the average oxidation number of claim 1, wherein the nickel in the oxide powder
o {b2) is above the +2 edge.
1] The anode material of claim 9, wherein the nickel (1) of the per content overshoot between above net is the
L L
NE- T
. As for claim 9, the anode material wherein the total average oxidation number of the nickel (2} of the content
B corresponding to manganese and manganese content are 3.0 excess to 3.5 or less.
3 As for claim 9, the anode material wherein the nickel (2) of the content corresponding to the manganese
it I S
content comprises the Ni 2t and Ni3 T
14 As for clalm 9, the anode material wherein the rate of the Mi 3 * among the nickel (2) of the content
) corresponding to the manganese content is 11 ~ 60%.
- The anode material of claim 1, wherein the rate of the site which the Ni (Ni(sup)2+(/sup}) occupies in the
15

oxide powder {b2) in the Li whole site is 5 mol% under,
The anode material of claim 1, wherein the oxide powder (g} is the particle in which it is the particle of the
16 single phase (monoiithic) structure ; and the oxide powder {b) comprises the aggregate of the minute

particies. Of the condensed phase (agglomerated) structure.

The anode material of claim 1, wherein the D50 of the oxide powder () is the D50 of the oxide powder (b) is

17 o

‘ 8 um or less it is 15 wn or greater.

8 The anode material of claim 17, wherein the D50 of the oxide powder (&) is the D50 of the oxide powder (b} is
’ 4 through 7 wm it is 20 through 30 wm.

19 As for claim 18, the anode material consisting of the aggregate of the minute particles wherein 90% or greater

of the oxide powder (b) has the size of 1 through 4 .
20 The lithium secondary battery including the anode material according to any one among claim n to daim n.
The lithium secondary battery which is the pouched type battery instailed at the pouch-type sheat case with

21 the state where the electrode assembly is sealed up of claim 20, wherein the lithium secondary battery
comprises the polymer resin layer and the metallic layer,

Designated States

Kind Country

 Empty &
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Cobalt Enrichment at Grain Boundaries of Polycrystalline Layered Metal Oxides
David Ofer and Adrian Pullen
TIAX LLC, 35 Hartwell Avenue, Lexington, MA 02421

Abstract:

This invention concerns polycrystalline layered-structure lithiated metal oxides of
composition Li;+xMO»., and articles formed therefrom, where -0.1<X<0.3, -0.3<Y<0.3,
M is about 25-97 % Ni, 3-50 % Co, 0-60 % Mn, and 0-10 % additional elements which
may comprise one or more of Al, Mg, Ca, Sr, Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga and B,
said polycrystalline layered-structure lithiated metal oxides having enrichment of Co in
the grain boundary regions between primary crystallites, i.e., concentration of Co is
higher in the grain boundary regions than in the bulk of the primary crystallite.

These compositions with Co-enriched grain boundaries between primary crystallites
exhibit dramatically enhanced electrochemical cyling stability as lithium is de-
intercalated from and re-intercalated into the crystal lattice.

Background/Prior Art

Layered structure lithium nickelate (LiNiO,)-based materials have been sought after for
Lithium-ion battery cathodes because they generally have lower cost, higher capacity and
higher rate capability than the historically predominant LiCoO; cathode material.
However, pure LiNiO; materials exhibit poor electrochemical stability and cycling
performance. It has been found that by substituting varying amounts of other metals for
some or much of the Ni in M of LiMO,-based compositions, some of the capacity and
cost benefits of LiNiO; materials can be obtained with much improved electrochemical
cycling stability, and accordingly a wide variety of Ni-containing layered-structure
Li;+xMOz+y.materials with various compositions of metals M have been developed. In
particular, Co incorporation is found to enhance electrochemical cycling stability, and is
readily achieved because of the favorable solid-state solution interaction of LiCoO; with
LiNiO,. However, Co is generally considerably more costly than Ni or Mn, the other
principal transition metals used in formulating LiMO;-based layered structure materials,
and Co incorporation in LiNiO; generally results in some diminution of the latter
material’s high capacity and rate capability. Therefore it is desirable to use only as much
Co as is required to confer the needed stability to a Ni-based LiMO, material.

Ni-based layered materials of the LiMOQO; type are dense polycrystalline agglomerates of
submicron-sized primary crystallites. It has been shown that in polycrystalline Ni-
containing LiMO,-based materials having 2D a-NaFeO,-type layered structure,
electrochemical cycling induces the 2D layers of transition metal atoms at the crystallite
grain boundaries (edges) to reorganize into a NiO-type rock salt structure and/or to be
reduced in oxidation state. These transformations are also associated with the appearance
of cracks between adjacent crystallites. The resulting NiO-type phases and cracks in
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grain boundaries between crystallites can be expected to significantly degrade the
electrochemical performance of these materials. This work has also shown that whereas
Ni atoms at the grain boundaries undergo reduction in oxidation state as part of these
transformations, Co atoms in the grain boundary regions do not, suggesting that it is
primarily the Ni atoms that are mobile and that drive the structural rearrangements in the
grain boundary regions.

The above observations indicate that Co substitution enhances electrochemical cycling by
stabilizing the grain boundaries of polycrystalline Ni-based layered LiMO-. Therefore
Co-substituted Ni-based LiMO, materials with Co preferentially concentrated in the
intercrystallite grain boundary regions can obtain enhanced cycling stability while having
lower Co levels in the bulk crystallites and minimal overall cobalt content compared to
Ni-base LiMO; materials with uniformly distributed Co. Materials with such Co-
enriched grain boundaries obtain the stabilizing benefits of Co substitution while
minimizing the detrimental impacts of Co substitution on capacity, rate capability and
cost. ‘

Co-enriched grain boundary materials are explicitly distinguished from “core/shell”
materials in which Ni-based LiMO; secondary particles are coated with a Co-based
material. In these structures, only the secondary particle is coated with Co-based LiMOa,
ostensibly to reduce the interaction between Ni and electrolyte. Such core/shell materials
do not have stabilizing intercrystallite Co enrichment within the bulk of the secondary
particle.

TIAX Invention

The object of this invention is to provide for enhanced discharge capacity and
electrochemical cycling stability in lithium-ion batteries of a polycrystalline Ni-
containing LiMO,-based material having 2D a-NaFeO,-type layered structure, where M
represents multiple elements. This objective is achieved by enriching the grain boundary
regions of such polycrystalline materials with Co. Selective enrichment of the grain
boundaries with Co minimizes the overall amount of Co that must be incorporated in
such materials in order to enhance their electrochemical cycling. The benefits of
minimizing a material’s overall Co content are reduced cost together with enhanced
capacity and rate capability. At the same time, such Co-enrich grain boundary materials
have more Co concentrated in the grain boundaries, with attendant benefits to cycling
stability, than do many materials having much higher overall Co content uniformly
distributed in the bulk.

The polycrystalline material of this present invention can have the composition
LixQyMO;, wherein,

X isin therange -0.1 <x <1.2

y is in the range -0.00 <y < 0.2
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Q represents one or more elements selected from the list: Mg, Sr, Ca, Cu, Zn, etc., and is
predominantly associated with the lithium-site of the crystal structure

M represents one or more elements selected from the list: Ni, Co, Mn, Al, Mg, Ca, Sr,
Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga and B. M can comprise 25-97 % Ni, 3-50 % Co, 0-
60 % Mn, and 0-10 % additional elements selected from the list Al, Mg, Ca, Sr, Ba, Zn,
Ti, Zr, Cr, Mo, Fe, V, Si, Ga and B.

The inter-crystallite region of this polycrystalline material has a higher concentration of
Cobalt than the bulk.

Example 1

A sample of polycrystalline 2D a-NaFeO;-type layered structure having overall
composition Lig 932Mgo.023N10.905C00.07201.955 with Co-enriched grain boundaries was
prepared, and thinly sectioned (100-150 nm thick) particles of the material were analyzed
by scanning transmission electron microscopy (STEM) with energy dispersive x-ray
analysis (EDX). Figure 1 shows a low resolution image of an approximately 11 micron
diameter secondary particle, and shows the secondary particle to be composed of densely
agglomerated primary particles or crystallites.
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Figure 1. Cross section of Lio,g32Mgo,023Nio_905000_07201,955 particle.

The white box in Figure 1 shows an area of the cross-sectioned particle that was analyzed
by high resolution STEM with EDX. Figure 2 shows the higher magnification STEM
image of the selected area, together with the overall EDX spectrum for the imaged area.

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 178



Sum Spectrum

2

Cu Pt
e
T T T T T N T T T T T T T T T T N T v T T
05 1 15 2 25 3 35 4 45 s 55 6 8.5 7 75 8 8s 9 95 10 105 11

Ful Scale 39649 cis Cursor: 0.00D

Figure 2. STEM image (inset photograph) _and overall EDX analysis of selected
area in Lip g32Mgo.023Nip.905C00.07201.955 particle cross-section.

The image in Figure 2 further reveals the polycrystalline nature of the material.
Integration of the EDX spectrum gives Co/Ni ratio of 0.079, in agreement with the
overall material composition. However, high resolution EDX mapping of the same area,
shown in Figure 3, reveals that, whereas Ni is uniformly distributed within the
crystallites, Co is concentrated at the grain boundaries of the crystallites.

Co Ka1

Figure 3. High resolution EDX mapping of Ni (left) and Co (right) for the cross-
section STEM image shown in Figure 2.
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Example 2

Two samples of polycrystalline 2D a-NaFeO,-type layered structure having overall
composition Li(o‘ggg)Mg(o_ozz)Ni(o.37)C0(0.105)0(1.39) were made, one with Co-enriched grain
boundaries and one with a uniform distribution of Cobalt. The materials were blended
with PVDF binder and conductive carbon in a slurry of NMP solvent and coated onto an
aluminum foil current collector. Cathode electrodes were then punched out of the foil and
combined with lithium foil anodes, glass fiber separators and carbonate based electrolytes
in a coin cell format for electrochemical testing. The cells were cycled through a series of
charge and discharge cycles at a range of current rates and the total electrochemical
discharge capacity at each rate recorded. The results of these tests are shown in the table
below. The material with grain boundary Co enrichment has higher overall capacity at all
rates than the uniform Co distribution material, and also has higher rate capability as
indicated by Ratio of 5C to C/5.

Table 1: Half Cell results for two types of 12% Co in LiNiO2 type of material

Discharge Capacity (mAh/g) .
Cathode Type C/20 C/5 5C Ratio 5C to C/5
Co Enriched grain boundaries 214 201 168 84%
Uniform Co distribution 207 196 144 73%
Claims:

1. A polycrystalline layered metal oxide with composition Li;+«MO».,, where -
0.1<X<0.3, -0.3<Y<0.3, and M stands for one or more elements. M can comprise
25-97 % Ni, 3-50 % Co, 0-60 % Mn, and 0-10 % additional elements selected
from the list Al, Mg, Ca, Sr, Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga and B. These
additional elements can reside either in the transition metal layer or in the lithium
layer of the polycrystalline material with the a-NaFeO,-type layered structure.

2. The polycrystalline material of Claim 1, having Cobalt enrichment in the regions
between two crystals, that is Cobalt enrichment in the grain boundary regions.
Cobalt enrichment at the primary particle grain boundaries can be measured by a
high resolution analytical technique.
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=5 "grain boundary" provisional
= Nadine Andon to: Elaine McLaughlin 08/15/2011 11:28 AM
Cc: Joe Centofanti
Elaine,

Please make the following minor edits to the attached document:

v( Page One: remove lines 1, 2, 3 and 4 (i.e., "confidential' ; the May date; "not to be disclosed,..."). The

firstline on the first page should be the title of the invention.
2. All pages: remove lines 1 and 2 (i.e., "confidential..." "not to be disclosed...")
7 Last page: remove the word, "draft", before the word, “"claims".

Please prepare the necessary paperwork to file this document as a provisional application for Joe's
signature. The inventors are:

1. David Ofer of Needham, MA
2. Adrian Pullen of Jamaica Plain, MA

The invention was not reduced to practice in any Government contract.
Please let me know the date this application is filed.

Thanks,
Nadine

Cobalt Enrichment Provisional Aug10_2010.doc

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 181



.
~

=
WIPO

WORLD
INTELLECTUAL PROPERTY
ORGANIZATION

DOCUMENT MADE AVAILABLE UNDER THE
PATENT COOPERATION TREATY (PCT)

International application number: PCT/US2012/048602
International filing date: 27 July 2012 (27.07.2012)
Document type: Certified copy of priority document
Document details: Country/Office: us

Number: 61/575,115

Filing date: 16 August 2011 (16.08.2011)
Date of receipt at the International Bureau: 16 August 2012 (16.08.2012)

Remark: Priority document submitted or transmitted to the International Bureau in compliance with Rule
17.1(a),(b) or (b-bis)

34, chemin des Colombettes
1211 Geneva 20, Switzerland

WWW.WIipo.int

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 182



TIACO12PCT

PCT REQUEST

1/6

Original (for SUBMISSION )

0 For receiving Office use only
0-1 International Application No. PCT/US12/46602
0-2 International Filing Date N
27 JULY 2012 (27/07/12)
0-3 Mame of recelving Office and "PCT PCT INTERNATIONAIL APPLICATION RO/US
International Application”
04 Form PCT/RO/101 PCT Request
0-4-1  |Prepared Using PCT-SAFE [EASY/EFS—-Web mode]
Version 3.51.055.231 MT/FOP
20120701/0.20.5.19
0-5 Petition
The undersighed requests that the
present international application be
processed according to the Patent
Cooperation Treaty
0-6 Recl?i"ing Office (specified by the  |ynjted States Patent and Trademark
applicant) Office (USPTO) (RO/US)
0-7 Applicant's or agent's file reference |PTAQQ12PCT
! Title of Invention POLYCRYSTALLINE METAL OXIDE, METHODS OF
MANUFACTURE THEREOF, AND ARTICLES
COMPRISING THE SAME
1] Applicant
11-1 This person is Applicant only
-2 Applicant for All designated States except US
II-4 Name TIAX LLC
II-5 Address 35 Hartwell Avenue
Lexington, Massachusetts 02421
United States of America
11-6 State of nationality us
11-7 State of residence us
-1 Applicant and/or inventor
I-1-1 | This person is Applicant and inventor
1-1-2 Applicant for us only
1-1-4 Name (LAST, First) OFER, David
IW-1-5 |Address 37 Booth Street
Needham, Massachusetts 02494
United States of America
11-1-6 State of nationality uUs
1-1-7 State of residence us

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 183



TIACO12PCT
2/6
PCT REQUEST
Original (for SUBMISSION )

-2 Applicant and/or inventor

Ill-2-1 | This person is Applicant and inventor

1-2-2 Applicant for us only

111-2-4  |Name (LAST, First) PULLEN, Adrian W.

l-2-5  |Address 65 Boylston St., #3
Boston, Massachusetts 02130
United States of America

111-2-6 State of nationality us

1-2-7 State of residence us

-3 Applicant and/or inventor

1I-3-1 | This person is Applicant and inventor

111-3-2 Applicant for us only

111-3-4 Name (LAST, First) SRIRAMULU, Suresh

1-3-5  |Address 23 vVirginia Road
Arlington, Massachusetts 02476
United States of America

111-3-6 State of nationality us

111-3-7 State of residence us

V-1 Agent or common representative; or

address for correspondence

The person identified below is hereby/ |Agent
has been appointed to act on behalf of g
the applicant(s) before the competent
International Authorities as:

1V-1-1 Name (LAST, First) EHRLICH, Grant M.

IV-1-2 |Address CANTOR COLBURN LLP

20 Church Street

22nd Floor

Hartford, Connecticut 06103
United States of America

IV-1-3  |Telephone No. 860—-286—-2929

IV-1-4  |Facsimile No. 860—-286-0115

IV-1-5  |e-mail global-ip@cantorcolburn.com

1V-1-5(a |E-mail authorization : : :

) The receiving Office, the International exclusively in electronic form (no paper

Searching Authority, the International notifications will be Sent)

Bureau and the International Preliminary
Examining Authority are authorized to
use this e-mail address, if the Office or
Authority so wishes, to send notifications
issued in respect of this international
application:

IV-1-6  |Agent's registration No. 56185

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 184



TIAC012PCT

PCT REQUEST

3/6

Original (for SUBMISSION )

DESIGNATIONS

The filing of this request constitutes
under Rule 4.9(a), the designation of
all Contracting States bound by the
PCT on the international filing date,
for the grant of every kind of
protection available and, where
applicable, for the grant of both
regional and national patents.

VI-1

VI-1-1
VI-1-2
VI-1-3

Priority claim of earlier national
application
Filing date

Number

Country

16 August 2011 (16.08.2011)

61/5
Us

75,115

Vi-2

Priority document request

The receiving Office is requested to
prepare and transmit to the International
Bureau a certified copy of the earlier
application(s) identified above as
item(s):

VI-1

VI-3

Incorporation by reference :

where an element of the international
application referred to in Article
11(1)(iii)(d) or (e) or a part of the
description, claims or drawings referred
to in Rule 20.5(a) is not otherwise
contained in this international application
but is completely contained in an earlier
application whose priority is claimed on
the date on which one or more elements
referred to in Article 11(1)(iii) were first
received by the receiving Office, that
element or part is, subject to confir-
mation under Rule 20.6, incorporated by
reference in this international application
for the purposes of Rule 20.6.

Vii-1

International Searching Authority
Chosen

Korean Intellectual Property Office
(ISA/KR)

Vil
VIII-1

VIIl-2

VIII-3

Viil-4

VIII-5

Declarations

Number of declarations

Declaration as to the identity of the
inventor

Declaration as to the applicant's
entitlement, as at the international filing
date, to apply for and be granted a
patent

Declaration as to the applicant's
entitlement, as at the international filing
date, to claim the priority of the earlier
application

Declaration of inventorship (only for the
purposes of the designation of the
United States of America)

Declaration as to non-prejudicial
disclosures or exceptions to lack of
novelty

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 185



TIAO012PCT

PCT REQUEST

6/6

Original (for SUBMISSION )

IX Check list Number of sheets Electronic file(s) attached
1X-1 Request (including declaration sheets) 6 w4
IX-2 Description 23 -
IX-3 Claims 4 -
IX-4 Abstract 1 v
I1X-5 Drawings 9 —
I1X-7 TOTAL 43

Accompanying Iltems Paper document(s) attached Electronic file(s) attached
1X-8 Fee calculation sheet v —
IX-20 Figure of the drawings which should |1

accompany the abstract
1X-21 Language of filing of the international English

application
X-1 Signature of applicant, agent or /Grant M. Ehrlich, Reg. No. 56, 185/

common representative
X-1-1 Name (LAST, First) EHRLICH, Grant M.
X-1-2 Name of signatory
X-1-3 Capacity (if such capacity is not obvious

from reading the request)

FOR RECEIVING OFFICE USE ONLY

10-1 Date of actual receipt of the

purported international application 27 TULY 2012 (27/07/12)
10-2 Drawings:
10-2-1  |Received
10-2-2  |Not received
10-3 Corrected date of actual receipt due

to later but timely received papers or

drawings completing the purported

international application
10-4 Date of timely receipt of the required

corrections under PCT Article 11(2)
10-5 International Searching Authority I SA/ KR
10-6 Transmittal of search copy delayed

until search fee is paid

FOR INTERNATIONAL BUREAU USE ONLY

11-1 Date of receipt of the record copy by

the International Bureau

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 186



PCT/US2012/048602

Viii-2-1

Declaration: Entitlement to apply for
and be granted a patent

Declaration as to the applicant's
entitlement, as at the international filing
date, to apply for and be granted a
patent (Rules 4.17(ii) and 51bis.1(a)(ii)),
in a case where the declaration under
Rule 4.17(iv) is not appropriate:

Name (LAST, First)

In relation to this international
application

TIAX LLC is entitled to apply for and be
granted a patent by wvirtue of the
following:

VII-2-1(i TIAX LLC is entitled as employer of the
) inventor, OFER, David

VIII-2-1i TIAX LLC is entitled as employer of the
) inventor, PULLEN, Adrian W.

VIlT-2-1(i

i)

TIAX LLC is entitled as employer of the
inventor, SRIRAMULU, Suresh

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 187



wo 2013/025328 A3 | [N N0 0 A O A A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

\

=

21 February 2013 (21.02.2013)

WIPO I PCT

(10) International Publication Number

WO 2013/025328 A3

(51

2n

(22)

(25)
(26)
(30)

71

(72)
(75)

International Patent Classification:
C01G 49/00 (2006.01) CO1D 1/00 (2006.01)
C01G 51/00 (2006.01) HOIM 10/05 (2010.01)

International Application Number:
PCT/US2012/048602

International Filing Date:
27 July 2012 (27.07.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/575,115 16 August 2011 (16.08.2011) us

Applicant (for all designated States except US): TIAX
LLC [US/US]; 35 Hartwell Avenue, Lexington, Mas-
sachusetts 02421 (US).

Inventors; and

Inventors/Applicants (for US ornly): OFER, David
[US/US]; 37 Booth Street, Needham, Massachusetts 02494
(US). PULLEN, Adrian W. |US/US|; 65 Boylston St., #3,
Boston, Massachusetts 02130 (US). SRIRAMULU,
Suresh [US/US]; 23 Virginia Road, Arlington, Massachu-
setts 02476 (US).

74)

@81

84)

Agent: EHRLICH, Grant M.; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Ilartford, Connecticut 06103
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), Ewropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES COMPRIS-
ING THE SAME

(57) Abstract: A particle, including: a plurality of
crystallites including a first composition having a
layered a-NaFeQO.-type structure and including lithium
in an amount of about 0.1 to about 1.3 moles, per mole
of the first composition, nickel in an amount of about
0.1 to about 0.79 mole, per mole of the first composi-
tion, cobalt in an amount of O to about 0.5 mole, per
mole of the first composition, and oxygen in an
amount of about 1.7 to about 2.3 moles, per mole of
the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and
including a second composition having the layered o-
NaFe0,-type structure, a cubic structure, or a combina-
tion thereof, wherein a concentration of cobalt in the
grain boundary is greater than a concentration of co-
balt in the crystallites.

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 188



WO 2013/025328 A3 |0 00000 OF 0 OO O

Declarations under Rule 4.17: Published:

— as to applicant's entitlement to apply for and be granted —  with international search report (Art. 21(3))

tent (Rule 4.17(ii
a patent (Rule () (88) Date of publication of the international search report:

— as to the applicant's entitlement to claim the priority of 4 July 2013
the earlier application (Rule 4.17(iii))

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 189



WO 2013/025328 A2 | [N N0 0 A O O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

\

=

21 February 2013 (21.02.2013)

WIPO I PCT

(10) International Publication Number

WO 2013/025328 A2

(51

2n

(22)

(25)
(26)
(30)

71

(72)
(75)

International Patent Classification:
C01G 49/00 (2006.01) CO1D 1/00 (2006.01)
C01G 51/00 (2006.01) HOIM 10/05 (2010.01)

International Application Number:
PCT/US2012/048602

International Filing Date:
27 July 2012 (27.07.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/575,115 16 August 2011 (16.08.2011) us

Applicant (for all designated States except US): TIAX
LLC [US/US]; 35 Hartwell Avenue, Lexington, Mas-
sachusetts 02421 (US).

Inventors; and

Inventors/Applicants (for US ornly): OFER, David
[US/US]; 37 Booth Street, Needham, Massachusetts 02494
(US). PULLEN, Adrian W. |US/US|; 65 Boylston St., #3,
Boston, Massachusetts 02130 (US). SRIRAMULU,
Suresh [US/US]; 23 Virginia Road, Arlington, Massachu-
setts 02476 (US).

74)

@81

84)

Agent: EHRLICH, Grant M.; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Ilartford, Connecticut 06103
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), Ewropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF, AND ARTICLES COMPRIS-
ING THE SAME

(57) Abstract: A particle, including: a plurality of
crystallites including a first composition having a
layered a-NaFeQO.-type structure and including lithium
in an amount of about 0.1 to about 1.3 moles, per mole
of the first composition, nickel in an amount of about
0.1 to about 0.79 mole, per mole of the first composi-
tion, cobalt in an amount of O to about 0.5 mole, per
mole of the first composition, and oxygen in an
amount of about 1.7 to about 2.3 moles, per mole of
the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and
including a second composition having the layered o-
NaFe0,-type structure, a cubic structure, or a combina-
tion thereof, wherein a concentration of cobalt in the
grain boundary is greater than a concentration of co-
balt in the crystallites.

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 190



WO 2013/025328 A2 |0 0000 0T OO A 0

Declarations under Rule 4.17: Published:
— as to applicant's entitlement to apply for and be granted —  without international search report and to be republished
a patent (Rule 4.17(11)) upon receipt of that report (Rule 48.2(g))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

POSCO Future Mv. TIAX LLC
POSCO Future M EX1005
Page 191



WO 2013/025328 PCT/US2012/048602

POLYCRYSTALLINE METAL OXIDE, METHODS OF MANUFACTURE THEREOF,
AND ARTICLES COMPRISING THE SAME

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Application No. 61/575,115, filed

on August 16, 2011, the content of which in its entirety is incorporated herein by reference.

BACKGROUND

(1) Field

[0001] Disclosed is a polycrystalline metal oxide, methods of manufacture thereof,
and articles comprising the same.

(2) Description of the Related Art

[0002] Lithium nickel oxide (LiNiO;) materials having a layered structure are
desirable as lithium battery cathode materials because they generally provide lower cost,
higher capacity, and higher rate capability than lithium cobalt oxide. However, pure LiNiO,
materials exhibit poor electrochemical stability and cycling performance. It has been found
that by substituting varying amounts of othcr mctals for some or much of the Ni in LiNiO»,
some of the capacity and cost benefits of LiNiO; can be obtained with improved
electrochemical cycling stability.

[0003] Accordingly, a wide variety of layered-structure lithium nickel oxides,
wherein a portion of the Ni has been substituted by another metal, have been developed. In
particular, cobalt (Co) incorporation is found to enhance electrochemical cycling stability,
and is readily achieved because of the favorable solid-state solution interaction of lithium
cobalt oxide (LiCoO;) with LiNiO,. However, Co is more costly than nickel (Ni), and Co
incorporation in LiNiO, generally results in some diminution of the high capacity and rate
capability provided by LiNiO,. Therefore it would be desirable to use only as much Co as is
required to confer sufficient stability to a LiNiO; to provide a lower cost material that
provides more of the desirable properties of LiNiO,. Thus there remains a need for a lower
cost lithium battery cathode material that provides the desirable properties of LiNiO- at lower

cost.

SUMMARY
[0004] A particle, including: a plurality of crystallites including a first composition

having a layered a-NaFeQ;-type structure and including lithium in an amount of about 0.1 to

1
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about 1.3 moles, per mole of the first composition, nickel in an amount of about 0.1 to about
0.79 mole, per mole of the first composition, cobalt in an amount of 0 to about 0.5 mole, per
mole of the first composition, and oxygen in an amount of about 1.7 to about 2.3 moles, per
molc of the first composition; and a grain boundary between adjacent crystallites of the
plurality of crystallitcs and including a sccond composition having the laycred a-NaFcO,-
type structure, a cubic structure, or a combination thercof, wherein a concentration of cobalt
in the grain boundary is greater than a concentration of cobalt in the crystallites.

[0005] Also disclosed is a particle, including: a plurality of crystallites including a
first composition having a layered a-NaFeO,-type structure and including lithium in an
amount of about 0.1 to about 1.3 moles, per mole of the first composition, nickel in an
amount of about 0.91 to about 0.99 mole, per mole of the first composition, cobalt in an
amount of 0 to about 0.5 mole, per mole of the first composition, and oxygen in an amount of
about 1.7 to about 2.3 moles, per mole of the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and including a second composition having
a layered a-NaFeO,-type structure, a cubic structure, or a combination thereof, wherein a
concentration of cobalt in the grain boundary is greater than a concentration of cobalt in the
crystallites.

[0006] Also disclosed is a lithium-ion battery including at least one of the foregoing
particles.

[0007] Also disclosed is a method of manufacturing a particle, the method including:
combining a lithium compound, a cobalt compound, and a nickel compound to form a
mixture; heat treating the mixture at about 30 to about 200°C to form a dried mixture; heat
treating the dried mixture at about 200 to about 500°C for about 0.1 to about 5 hours; then
heat treating at 600 to about 900°C for about 0.1 to about 10 hours to manufacture the
particle, wherein the particle includes a plurality of crystallites including a first composition
having a layered a-NaFeO,-type structure and including Li, Ni, Co, and O, wherein the Li is
present in an amount of about 0.1 to about 1.3 moles, per mole of the first composition,
nickel is present in an amount of about 0.1 to about 0.79 mole or about 0.91 to about 0.99
mole, per mole of the first composition, cobalt is present in an amount of O to about 0.5 mole,
per mole of the first composition, and oxygen is present in an amount of about 1.7 to about
2.3 moles, per mole of the first composition; and a grain boundary between adjacent
crystallites of the plurality of crystallites and including a second composition having a

layered a-NaFeQO,-type structure, a cubic structure, or a combination thereof, wherein a
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concentration of cobalt in the grain boundary is greater than a concentration of cobalt in the

crystallitcs.

BRIEF DESCIPTION OF THE DRAWINGS

[0008] The above and other aspects, advantages and features of this disclosure will
become more apparent by describing in further detail exemplary embodiments therecof with
reference to the accompanying drawings, in which:

[0009] FIG. 1 is a schematic perspective view of an embodiment of a cross-section of
a secondary particle;

[0010] FIG. 2 is a schematic illustration of an embodiment of a battery;

[0011] FIG. 3 is a scanning ¢lectron micrograph (SEM) of a thin cross-section of a
secondary particle prepared in Example 2;

[0012] FIG. 4 is an enlarged view of the secondary particle of FIG. 3 showing the
location of EDX spot analyses;

[0013] FIG. 5 is a further enlarged view of the secondary particle of FIG. 3 showing
the location of EDX spot analyses;

[0014] FIG. 6 is a graph of atomic pcreent of non-lithium atoms versus position
showing the concentration of O, Mg, Co, and Ni for cach of the EDX spot analyses indicated
in FIG. 5;

[0015] FIG. 7 is a graph of the concentration of cobalt (atomic percent) versus
position for each of the EDX spot analyses indicated in FIG. 5;

[0016] FIG. 8 is a graph of cathode specific capacity (milliampere hours per gram)
versus cycle number and shows cycling capacity results for lithium-ion cells assembled with
the cathode materials of Example 2 and Example 3;

[0017] FIG. 9 is a scanning transmission electron micrograph (STEM) of a thin cross-
section of a secondary particle prepared in Example 6;

[0018] FIG. 10 is an enlarged view of arca A indicated in FIG. 9;

[0019] Fig. 11 is a graph of intensity (counts) versus energy (kiloelectron volts, keV)
showing the results of energy dispersive X-ray (EDX) analysis of area A indicated in FIG. 9;

[0020] FIG. 12 is a Ni EDX map of areca A indicated in FIG. 9; and

[0021] FIG. 13 is a Co EDX map of arca A indicated in FIG. 9.
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DETAILED DESCRIPTION

[0022] The inventors have discovered that lithium nickel oxides having the laycered a-
NaFcO,-typc structurc and having cobalt cnriched grain boundarics arc surprisingly
stabilized. The lithium nickel oxide is in the form of a secondary particle comprising a
plurality of crystallites (i.e., primary particles), wherein the cobalt enriched grain boundaries
are between adjacent crystallites. Such materials may be readily manufactured by treating a
lithium nickel oxide with a cobalt compound and optionally a lithium compound. The
lithium nickel oxides having cobalt enriched grain boundaries have excellent electrochemical
properties, including improved cycling stability and improved capacity. Because cobalt is
preferentially provided in the grain boundaries, where it is understood to be most effective at
stabilizing the lithium nickel oxide, less cobalt is required to provide a lithium nickel oxide
having suitable stability than if cobalt is provided uniformly or at a location other than the
grain boundaries. Thus a lower cost material is now available that provides more of the
desirable properties of LiNiQO, with less cobalt.

[0023] The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which various embodiments are shown. This invention may,
howcver, bc cmbodicd in many different forms, and should not be construcd as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like elements throughout.

[0024] It will be understood that when an element is referred to as being “on” another
element, it can be directly on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0025] It will be understood that, although the terms “first,” “second,” “third” etc.
may be used herein to describe various elements, components, regions, layers, and/or
sections, these elements, components, regions, layers, and/or sections should not be limited
by these terms. These terms are only used to distinguish one element, component, region,

layer, or section from another element, component, region, layer, or section. Thus, “a first
Y y

27 46 2% ¢

element,” “component,” “region,” “layer,” or “section’ discussed below could be termed a
second element, component, region, layer, or section without departing from the teachings
herein.

[0026] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting. As used herein, the singular forms “a,”
4
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“an,” and “the” are intended to include the plural forms, including ‘“‘at least one,” unless the
content clearly indicates otherwise. “Or” mcans “‘and/or.”” As uscd hercin, the term “and/or”
includcs any and all combinations of onc or morc of the associated listed items. It will be
further understood that the terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the presence of stated features, regions,
integers, steps, operations, clements, and/or components, but do not preclude the presence or
addition of one or more other features, regions, integers, steps, operations, elements,
components, and/or groups thereof. The term “or a combination thereof” means a
combination including at least one of the foregoing elements.

LN

[0027] Spatially relative terms, such as “‘beneath,” “below,” “lower,” “above,”
“upper” and the like, may be used herein for ease of description to describe one element or
feature's relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented “above’ the other elements or
fcaturcs. Thus, the cxemplary term “below” can cncompass both an oricntation of above and
below. The device may be otherwise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein interpreted accordingly.

[0028] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and the present disclosure, and
will not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

[0029] Exemplary embodiments are described herein with reference to cross section
illustrations that are schematic illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of manufacturing techniques, are
to be expected. Thus, embodiments described herein should not be construed as limited to
the particular shapes of regions as illustrated herein but are to include deviations in shapes
that result, for example, from manufacturing. For example, a region illustrated or described
as flat may have rough and/or nonlinear features. Moreover, sharp angles that are illustrated

may be rounded. Thus, the regions illustrated in the figures are schematic in nature and their
5
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shapes are not intended to illustrate the precise shape of a region and are not intended to limit
the scopc of the present claims.

[0030] As shown in FIG. 1, discloscd is a particlc comprising a crystallitc 10
comprising a first composition, and grain boundary 20 comprising a second composition,
wherein a concentration of cobalt in the grain boundary is greater than a concentration of
cobalt in the crystallite. The particle comprises a plurality of crystallites, and is referred to as
a secondary particle. Optionally, a layer 30 may be disposed on an outer surface of the
secondary particle to provide a coated secondary particle.

[0031] The first composition of crystallite 10 has a layered a-NaFeO,-type structure.
In compositions having the layered a-NaFeO,-type structure, hexagonal metal oxide layers
are separated by planes of the alkali metal. The metal oxide layers form metal centered
oxygen octahedra which are separated by alkali metal ions, and the metal oxide layers are
laterally offset to provide a three-layer structure. In this structure, the alkali metal atoms
occupy the so called “3a” sites in the structure (x=0, y=0, and z=0), the metal atoms occupy
the “3b” sites (x=0, y=0, and z=0.5), and the oxygen atoms occupy the “6¢” sites (x=0, y=0,
and z=0.25). The coordinates of the atoms and the cell parameters can vary according to the
composition. Compositions having this structurc typc may havce ccll paramcters in which a is
about 2.75 to about 2.95 angstroms (A), and ¢ is about 13.9 to about 14.6 A.

[0032] In an embodiment, the first composition comprises lithium in an amount of
about 0.1 to about 1.3 moles, specifically about 0.2 to about 1.2 moles, more specifically
about 0.3 to about 1.1 moles, per mole of the first composition; nickel in an amount of about
0.1 to about 0.79 mole, specifically about 0.2 to about 0.7 mole, more specifically about 0.3
to about 0.6 mole, per mole of the first composition; cobalt in an amount of 0 to about 0.5
mole, specifically about 0.01 to about 0.5 mole, more specifically about 0.05 to about 0.4
mole, or about 0.1 to about 0.3 mole, per mole of the first composition; and oxygen in an
amount of about 1.7 to about 2.3 moles, specifically about 1.8 to about 2.2 moles, more
specifically about 1.9 to about 2.1 moles, per mole of the first composition. For example, the
first composition can comprise lithium in an amount of about 0.1 to about 1.3 mole, nickel in
an amount of about 0.5 to about 0.75 mole, cobalt in an amount of about 0.05 to about 0.1
mole, and oxygen in an amount of about 1.9 to about 2.1 moles, cach per mole of the first
composition. An embodiment in which cobalt is contained in an amount of about 0.01 to
about 0.1 mole, specifically 0.05 mole, per mole of the first composition, is specifically

mentioned.
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[0033] In another embodiment, the first composition comprises lithium in an amount
of about 0.1 to about 1.3 molcs, spccifically about 0.2 to about 1.2 molcs, morc spccifically
about 0.3 to about 1.1 moles, pcr molc of the first composition; nickel in an amount of about
0.91 to about 0.99 mole, specifically about 0.92 to about 0.98 mole, more specifically about
0.93 to about 0.97 mole, per mole of the first composition; cobalt in an amount of 0 to about
0.5 mole, specifically about 0.01 to about 0.5 mole, more specifically about 0.05 to about 0.4
mole, or about 0.1 to about 0.3 mole, per mole of the first composition; and oxygen in an
amount of about 1.7 to about 2.3 moles, specifically about 1.8 to about 2.2 moles, more
specifically about 1.9 to about 2.1 moles, per mole of the first composition. For example, the
first composition can comprise lithium in an amount of about 0.1 to about 1.3 mole, nickel in
an amount of about 0.91 to about 0.95 mole, cobalt in an amount of about 0.05 to about 0.1
mole, and oxygen in an amount of about 1.9 to about 2.1 moles, cach per mole of the first
composition. An embodiment in which cobalt is contained in an amount of about 0.01 to
about 0.1 mole, specifically 0.08 mole, per mole of the first composition, is specifically
mentioned.

[0034] In yet another embodiment, the secondary particle may comprise a first
crystallitc comprising lithium in an amount of about 0.1 to about 1.3 molcs, nickcl in an
amount of about 0.1 to about 0.79 mole, cobalt in an amount of about 0.01 to about 0.5 mole,
and oxygen in an amount of about 1.7 to about 2.3 moles, each per mole of the first
composition of the first crystallite; and a second crystallite wherein the first composition
comprises lithium in an amount of about 0.1 to about 1.3 moles, nickel in an amount of about
0.91 to about 0.99 mole, cobalt in an amount of about 0.01 to about 0.5 mole, and oxygen in
an amount of about 1.7 to about 2.3 moles, each per mole of the first composition of the
second crystallite.

[0035] The first composition may further comprise an additional metal, and the
additional metal of the first composition may be present in an amount of about 0.01 to about
0.9 mole, specifically about 0.05 to about 0.8 mole, more specifically about 0.1 to about 0.7
mole, per mole of the first composition. In an embodiment, the additional metal may be
present in an amount of about 0.01 to about 0.2 mole, specifically about 0.02 to about 0.18
mole, more specifically about 0.04 to about 0.16 mole, per mole of the first composition.

[0036] The additional metal may comprise Mg, Sr, Ca, Cu, Zn, Mn, Al, V, Ba, Zr, Ti,
Cr, Fe, Mo, B, or a combination thercof. In an embodiment, the additional metal comprises

Mg, Al, V, Ti, B, Zr, or Mn, or a combination thercof. In another embodiment, the additional
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metal consists of Mg, Al, V, Ti, B, Zr, or Mn. An embodiment in which the additional metal
is Mn or Mg is spccifically mentioned.

[0037] Each crystallitc may havc any suitablc shapc, which can be the samc or
different within each secondary particle. Further, the shape of each crystallite can be the
same or different in different secondary particles. Because of its crystalline nature, the
crystallite may be faceted, the crystallite may have a plurality of flat surfaces, and a shape of
the crystallite may approximate a geometric shape. The crystallite may have a rectilinear
shape, and when viewed in cross-section, a portion of or an entirety of the crystallite may be
rectilinear. The crystallite may be square, hexagonal, rectangular, triangular, or a
combination thercof. A length, a width, and a thickness of the crystallite may be selected
independently, and each of the length, width, and thickness of the crystallite may be about 5
to about 1000 nanometers (nm), specifically about 10 to about 900 nm, more specifically
about 20 to about 800 nm.

[0038] The grain boundary is between adjacent crystallites, is on a surface of the
crystallite, and comprises the second composition. The second composition has the layered
o-NaFeO;-type structure, a cubic structure, or a combination thercof. As noted above, a
concentration of cobalt in the grain boundarics is greater than a concentration of cobalt in the
crystallites. An embodiment in which the grain boundaries have the layered a-NaFeO,-type
structure is specifically mentioned.

[0039] The shape of the grain boundary is defined by the shape of the crystallite
adjacent the grain boundary. The shape of the grain boundary may approximate a geometric
shape. The grain boundary may have a rectilinear shape, and when viewed in cross-section
the grain boundary may be rectilinear. The grain boundary may be square, hexagonal,
rectangular, triangular, or a combination thereof.

[0040] A direction of a surface of the grain boundary corresponds to a direction of a
surface of the adjacent crystallite. Also, as shown in Fig. 1, the surface of the grain boundary
and the surface of the crystallite may have any of a variety of orientations relative to an outer
surface of the secondary particle. Thus the direction of the surface of the crystallite and the
direction of the surface of the grain boundary may be parallel and be different than a direction
of a nearest outer surface of the secondary particle. In an embodiment, a direction of a
tangent of the nearest outer surface of the particle is different than the direction of the surface
of the grain boundary and the direction of the surface of the adjacent particle.

[0041] As is also shown in Fig. 1, the grain boundaries may intersect to form an angle

therebetween. In an embodiment, disposed on adjacent faces of a crystallite 40 is a first grain
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boundary 41 and second grain boundary 42. The first grain boundary 41 and the second grain
boundary 42 intcrscct at an anglc E. The angle E may be defined by the shape of the
crystallitc on which the first grain boundary 41 and thc sccond grain boundary 42 arc
disposed. Generally, a shape of a crystallite is influenced by a crystal structure of the
crystallite. While not wanting to be bound by theory, it is understood that because the crystal
structure of the first composition governs the shape of the crystallite, the angle between the
first and second grain boundaries is influenced by the crystal structure of the first
composition. The first and second grain boundaries may intersect at any angle, specifically
an angle of about 10 to about 170 degrees, specifically about 20 to about 160 degrees, more
specifically about 30 to about 150 degrees, so long as the angle is consistent with the crystal
structure of the first composition, which has the layered a-NaFeO,-type structure.

[0042] The dimensions of the grain boundary are not particularly limited. A length
and a width of the grain boundary may each independently be about 50 to about 1000 nm,
specifically about 60 to about 900 nm, more specifically about 70 to about 800 nm. The
length and width of the grain boundaries are perpendicular to each other and are parallel to
the surface of the adjacent crystallite. A thickness of the grain boundary may be about 1 to
about 200 nm, spccifically about 5 to about 180 nm, morc spccifically about 10 to about 160
nm. The thickness of the grain boundary is perpendicular to the length and the width of the
grain boundary and may be perpendicular to the surface of the adjacent crystallite.

[0043] An average grain boundary length and an average grain boundary width of the
plurality of grain boundaries may each independently be about 50 to about 1000 nm,
specifically about 60 to about 900 nm, more specifically about 70 to about 800 nm. Also, an
average grain boundary thickness of the plurality of grain boundaries may be about 1 to about
200 nm, specifically about 5 to about 180 nm, more specifically about 10 to about 160 nm.

[0044] In an embodiment, the second composition of the grain boundaries comprises
lithium in an amount of about 0.1 to about 1.3 moles, specifically about 0.2 to about 1.2
moles, more specifically about 0.3 to about 1.1 moles, per mole of the second composition;
nickel in an amount of about 0.1 to about 0.95 mole, specifically about 0.2 to about 0.90
mole, more specifically about 0.3 to about 0.85 mole, per mole of the second composition;
cobalt in an amount of about 0.02 to about 0.99 mole, specifically about 0.04 to about 0.90
mole, more specifically about 0.06 to about 0.80 mole, per mole of the second composition;
and oxygen in an amount of about 1.7 to about 2.3 moles, specifically about 1.8 to about 2.2
moles, more specifically about 1.9 to about 2.1 moles per mole of the second composition.

An embodiment in which the second composition comprises nickel in an amount of about 0.1
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to about 0.79 mole, per mole of the second composition, and cobalt in an amount of about
0.02 to about 0.5 molc, pcr molc of the sccond composition, is spccifically mentioned.

[0045] The sccond composition may further comprisc an additional mctal, and the
additional metal of the second composition may be present in an amount of about 0.01 to
about 0.9 mole, specifically about 0.05 to about 0.8 mole, more specifically about 0.1 to
about 0.7 mole, per mole of the second composition. In an embodiment, the additional metal
of the second composition may be present in an amount of about 0.01 to about 0.2 mole,
specifically about 0.02 to about 0.18 mole, more specifically about 0.04 to about 0.16 mole,
per mole of the second composition.

[0046] The additional metal of the second composition may comprise Mg, Sr, Ca, Cu,
Zn, Mn, Al, V, Ba, Zr, Ti, Cr, Fe, Mo, B, or a combination thercof. In an embodiment, the
additional metal of the second composition comprises Mg, Al, V, Ti, B, Zr, or Mn, or a
combination thercof. In another embodiment, the additional metal of the second composition
congists of Mg, Al, V, Ti, B, Zr, or Mn. An embodiment in which the additional metal of the
second composition is Mn or Mg is specifically mentioned. In an embodiment, the additional
metal of the first composition and the additional metal of the second composition are each
Mg. An cmbodiment in which the first composition furthcr compriscs Mn, and thc Mn is
present in the first composition in an amount of about 0.01 to about 0.6 mole, specifically
about 0.02 to about 0.5 mole, per mole of the first composition, and the second composition
comprises Mn, and the Mn is present in the second composition in an amount of about 0.01 to
about 0.6 mole, specifically about 0.02 to about 0.5 mole, per mole of the second
composition, is also specifically mentioned.

[0047] In an embodiment, the first and second compositions may each independently
comprise a composition of Formula 1:

LiQ'yQ, M'0; e
wherein Q' is Mg, Sr, Ca, Cu, Zn, or a combination thercof, Q% is Mn, Al, Mg, Ca, Sr, Ba,
Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga, B, or a combination thereof, M' is Ni and Co, 0.1<a<1.2,
0<y<0.2, and 0<z<0.6, with the proviso that the concentration of cobalt in the second
composition is greater that the concentration of cobalt in the first composition. An
embodiment in which Q] consists of Mg, Sr, Ca, Cu, or Zn, and an embodiment wherein Q1 is
Mg, are each specifically mentioned. Also mentioned is an embodiment in which Q7
comprises Mn, Al, Mg, Ca, B, or a combination thercof. An embodiment in which Q2

consists of Mg, and another embodiment in which Q” consists of Mn, are each specifically
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mentioned. In Formula 1, a and y may be independently selected so long as Formula 1 is
satisfied, and, a may satisfy 0.2<a<1.1, specifically 0.3<a<1, and y of Formula 1 may satisfy
0.01<y<0.135, specifically 0.05<y<0.1.

[0048] In an embodiment, the first and second compositions may each independently
comprise a composition of Formula 2:

LiaNi(1 x5 CoxM*, O, (2)

whercin M? is Al V, Ti, B, Zr, Mn, or a combination thcrcof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.2, and 1.7<b<2.3, provided that x in the sccond composition is greater than x in the
first composition. In an embodiment M? is Al, V, Ti, B, Zr, or Mn. An embodiment in which
M? is Al or B is specifically mentioned. In Formula 2, a, x, and y may be independently
selected so long as Formula 2 is satisfied, and a of Formula 2 may satisfy 0.2<a<1.1,
specifically 0.3<a<1, x of Formula 2 may satisfy 0.02<x<0.4, specifically 0.04<x<0.3, and y
of Formula 2 may satisfy 0.01<y<0.15, specifically 0.05<y<0.1.

[0049] In an embodiment, the first and second compositions each independently
comprise a composition of Formula 3:

LizNi( yyCoMyMn, 0, (3)

wherein M? is Al, V, Ti, B, Zr, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5, 0<y<0.1,
0.1<2<0.6, and 1.7<b<2.3. In an embodiment, M" is Al, V, Ti, B, or Zr. An embodiment in
which M? is Al or B is specifically mentioned. In Formula 3, a, x, y, z, and b may be
independently selected so long as Formula 3 is satisfied, and a of Formula 3 may satisfy
0.2<a<l1.1, specifically 0.3<a<1, x of Formula 3 may satisfy 0.02<x<0.4, specifically
0.04<x<0.3, y of Formula 3 may satisfy 0.01<y<0.09, specifically 0.05<y<0.08, z of Formula
3 may satisfy 0.15<z<0.5, specifically 0.2<z<0.4, and b of Formula 3 may satisfy 1.8<b<2.2,
specifically 1.9<b<2.1.

[0050] In an embodiment, the first and second compositions may each independently
comprise a composition of Formula 4:

Li,Ni(1-xCoxO2 “

wherein 0.1<a<1.3 and 0<x<0.2. In an embodiment, a of Formula 4 may satisfy 0.2<a<l.1,
specifically 0.3<a<1, and x of Formula 4 may satisfy 0.02<x<0.18, specifically 0.04<x<0.16.
In another embodiment, the first composition, the second composition, or a combination
thereof, comprises a composition of Formula 4 wherein 0.1<a<1.3 and 0.2<x<0.5. In an

cmbodiment, x of Formula 4 may satisfy 0.25<x<0.45, spccifically 0.3<x<0.4.
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[0051] In an embodiment, the first composition comprises a composition of Formula
4 whercin 0<x<0.2 and thc sccond composition compriscs a composition of Formula 4
wherein 0.2<x<0.5.

[0052] As is further discussed above, in an embodiment a concentration of cobalt in
the grain boundary is greater than a concentration of cobalt in the crystallite. A concentration
of cobalt in the crystallite may be 0 to about 17 atomic percent, specifically about 0.25 to
about 17 atomic percent, more specifically about 1 to about 15 atomic percent, or about 2 to
about 13 atomic percent, based on a total atomic composition of the crystallite. Also, a
concentration of cobalt in the grain boundary may be about 0.5 to about 32 atomic percent,
specifically about 1 to about 30 atomic percent, more specifically about 2 to about 28 atomic
percent, based on a total atomic composition of the grain boundary. The concentration of
cobalt in the grain boundary may be about 0.01 to about 30 atomic percent, specifically about
0.1 to about 20 atomic percent, more specifically about 1 to about 15 atomic percent greater
that a concentration of cobalt in the crystallite, based on an average composition of the
secondary particle. The atomic concentration of cobalt in the grain boundary and in the
crystallite may be determined by energy dispersive X-ray (EDX) analysis of a center of a
grain boundary and a ccenter of an adjacent crystallitc for a thinly sliced (c.g., 100-150 nm
thick) section of the secondary particle prepared by a sectioning technique such as focused
ion beam milling, for example.

[0053] The secondary particle may be prepared by contacting a lithium compound, a
cobalt compound, and a nickel compound to form a mixture; heat treating the mixture at
about 30 to about 200°C to form a dried mixture; heat treating the dried mixture at about 200
to about 500°C for about 0.1 to about 5 hours; then heat treating at 600 to about 800°C for
about 0.1 to about 5 hours to manufacture the particle.

[0054] The lithium compound may comprise a lithium salt, such as lithium nitrate,
lithium carbonate, lithium hydroxide, or a combination thereof. The cobalt compound may
be a cobalt nitrate such as Co(NO3),-6H,0, a cobalt chloride such as CoCl,-6H;0, or cobalt
isopropoxide, or a combination thereof. Also, the nickel compound may be a lithium nickel
oxide comprising lithium in an amount of about 0.1 to about 1.3 moles, nickel in an amount
of about 0.1 to about 0.79 mole, cobalt in an amount of about 0.01 to about 0.5 mole, and
oxygcen in an amount of about 1.7 to about 2.3 molcs, cach per molc of the lithium nickel
oxide. In another embodiment, the lithium nickel oxide comprises nickel in an amount of
about 0.91 to about 0.99 mole, per mole of the lithium nickel oxide. In an embodiment, the

lithium nickel oxide comprises a composition of Formulas 1 to 4, or a combination thereof.
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The stoichiometric ratio of the lithium compound and the cobalt compound may be 0.0 to
about 1.2, spccifically about 0.1 to about 1, morc spccifically about 0.2 to about 0.8.

[0055] To form the mixture, the lithium compound, the cobalt compound, and the
nickel compound may be contacted in a liquid, and the liquid evaporated to form a mixture.
The liquid may comprise water, an alcohol such as ethanol, propanol, isopropanol, butanol, or
isobutanol, an acetate such as methyl acetate, ethyl acetate, or butyl acetate, acetonitrile, a
ketone such as acectone, a glycol such as ethylene glycol, hexylene glycol, diethylene glycol,
or ethylene glycol monoethyl ether, xylene, or a halogenated hydrocarbon such as methylene
dichloride, chloroform, carbon tetrachloride, or ethylene dichloride, or a combination thereof.
Water is specifically mentioned. The mixture may then be heat treated at about 30 to about
200°C, specifically about 40 to about 180°C, more specifically about 50 to about 160°C to
form a dried mixture. The dried mixture may be heated at about 5 to about 20°C per minute
to about 200 to about 500°C, specifically about 250 to about 450°C, and heat treated at about
200 to about 500°C, specifically about 250 to about 450°C, for about 0.1 to about 5 hours,
specifically about 1 to about 4 hours. The material may then be heated at about 5 to about
100°C per minute to about 600 to about 900°C, specifically about 650 to about 850°C for
about 0.1 to about 10 hours, spccifically about 1 to about 9 hours, to manufacturc the
secondary particle.

[0056] Optionally a layer 30, such as a passivation layer or a protective layer, may be
disposed on an outer surface of the secondary particle to provide a coated secondary particle.
The coating may fully or partially cover the secondary particle. The layer may be amorphous
or crystalline. The layer may comprise an oxide, a phosphate, a pyrophosphate, a
fluorophosphate, a carbonate, a fluoride, an oxyfluoride, or a combination thereof, of a metal
such as Zr, Al, Ti, Al, B, or Si, or a combination thereof. An embodiment in which the layer
comprises a borate, an aluminate, a silicate, a fluoroaluminate, or a combination thereof is
specifically mentioned. In an embodiment the layer comprises a carbonate. In an
embodiment, the layer comprises ZrQ,, ALOs, TiO,, AIPO4, AlFs, B,0s, Si0,, Li,0, Li,COs,
or a combination thereof. A layer comprising AIPO4 or Li,COs is specifically mentioned.
The layer may be disposed by any process or technique that does not adversely affect the
desirable properties of the secondary particle. Representative methods include spray coating
and immersion coating, for example.

[0057] Also disclosed is cathode for a lithium-ion battery comprising the secondary
particle. The cathode comprises the secondary particle disclosed above as an active material,

and may further comprise a conductive agent and a binder. The conductive agent may
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comprise any conductive agent that provides suitable properties and may be amorphous,
crystallinc, or a combination thercof. The conductive agent may comprisc a carbon black,
such as acctylene black or lamp black, a mcsocarbon, graphite, carbon fiber, carbon
nanotubes such as single wall carbon nanotubes or multi-wall carbon nanotubes, or a
combination therecof. The binder may comprise any binder that provides suitable properties
and may comprise polyvinylidene fluoride, a copolymer of polyvinylidene fluoride and
hexafluoropropylene, poly(vinyl acetate), poly(vinyl butyral-co-vinyl alcohol-co vinyl
acetate), poly(methylmethacrylate-co-ethyl acrylate), polyacrylonitrile, polyvinyl chloride-
co-vinyl acetate, polyvinyl alcohol, poly(l-vinylpyrrolidone-co-vinyl acetate), cellulose
acetate, polyvinylpyrrolidone, polyacrylate, polymethacrylate, polyolefin, polyurethane,
polyvinyl ether, acrylonitrile-butadiene rubber, styrene-butadiene rubber, acrylonitrile-
butadiene-styrene, tri-block polymer of sulfonated styrene/ethylene-butylene/styrene,
polyethylene oxide, or a combination thereof, for example.

[0058] The cathode may be manufactured by combining the secondary particle, the
conductive agent, and the binder in a suitable ratio, e.g., about 80 to about 98 weight percent
of the secondary particle, about 2 to about 20 weight percent of the conductive agent, and
about 2 to about 10 wcight pcereent of the bindcer, bascd on a total weight of the sccondary
particle, the conductive agent, and the binder. The secondary particle, the conductive agent,
and the binder may be suspended in a suitable solvent, such as N-methylpyrrolidinone, and
disposed on a suitable substrate, such as aluminum foil, and dried in air.

[0059] Also disclosed is a battery comprising the cathode. The battery may be a
lithium-ion battery, a lithium-polymer battery, or a lithium battery, for example. As shown in
Fig. 2, the battery 100 may include a cathode 101; an anode 102; and a separator 103
interposed between the cathode 101 and the anode 102. The separator may be a microporous
membrane, and may comprise a porous film comprising polypropylene, polyethylene, or a
combination thereof, or may be a woven or non-woven material such a glass-fiber mat. The
anode 102 may comprise a coating on a current collector. The coating may comprise a
suitable carbon, such as graphite, coke, a hard carbon, or a mesocarbon such as a mesocarbon
microbead, for example. The current collector may be copper foil, for example.

[0060] The battery also comprises an electrolyte which contacts the positive electrode
101, the negative electrode 102, and the separator 103. The electrolyte may comprise an
organic solvent and a lithium salt. The organic solvent may be a linear or cyclic carbonate.

Representative organic solvents include ecthylene carbonate, propylene carbonate, butylene
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carbonate, trifluoropropylene carbonate, y-butyrolactone, sulfolane, 1,2-dimethoxyethane,
1,2-diethoxyethane, tetrahydro furan, 3-methyl-1,3-dioxolane, methyl acetate, ethyl acetate,
methylpropionate, ethylpropionate, dimethyl carbonate, diethyl carbonate, ethyl methyl
carbonate, dipropyl carbonate, methylpropyl carbonate, or a combination thereof. In another
embodiment the electrolyte is a polymer electrolyte.

[0061] Representative lithium salts include LiPFg, LiBF,, LiAsFg, LiC104, LiCF3S0s3,
Li(CF3S0;);N, LiN(SO,C;Fs);, LiSbFs, LiC(CF3S03)3, LiC4FoSOs, and LiAICly. The
lithium salt may be dissolved in the organic solvent. A combination comprising at least one
of the foregoing can be used. The concentration of the lithium salt can be 0.1 to 2.0M in the
electrolyte.

[0062] The battery may have any suitable configuration or shape, and may be
cylindrical or prismatic.

[0063] While not wanting to be bound by theory, it is understood that the disclosed
secondary particle is a dense polycrystalline agglomerate of submicron-sized primary
crystallites. Tt has been shown that in polycrystalline materials having the layered a-NaFeO;-
type structure, electrochemical cycling induces the layers of the transition metal atoms at the
grain boundaries (e.g., edges of the crystallites) to reorganize into a NiO-type rock salt
structure and/or to be reduced in oxidation state. These transformations are also associated
with the appearance of cracks between adjacent crystallites. While not wanting to be bound
by theory, it is understood that the resulting NiO-type phase and cracks in the grain
boundaries between crystallites significantly degrade the electrochemical performance of
these materials. It is also understood that whereas Ni atoms at the grain boundaries undergo
reduction in oxidation state as part of these transformations, Co atoms in the grain boundaries
do not, suggesting that it is primarily the Ni atoms that are mobile and drive the undesirable
structural rearrangements in the grain boundaries.

[0064] The above observations indicate that Co substitution in lithium nickel oxides
having the laycred a-NaFcO;-typce structurc cnhanccs clectrochemical performance by
stabilizing the grain boundaries of the secondary particle. Therefore Co-substituted lithium
nickel oxides with Co preferentially disposed at the grain boundaries (and relatively less Co
in the crystallites) can provide improved cycling stability with less overall cobalt content than
a lithium nickel oxide with uniformly distributed Co, or Co disposed in a location other than
in the grain boundaries. Materials with Co-enriched grain boundaries can thus provide

improved stability, such as improved capacity, cycle life, coulombic efficiency, rate
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capability, and safety, while minimizing the detrimental impacts of Co substitution on
capacity, ratc capability, and cost by providing Co wherc it is most cffcctive, ¢.g., in the grain
boundarics, and avoiding usc of Co where it is Icss cffective, c.g., in the crystallitcs.

[0065] The grain boundary of the secondary particle disclosed herein is distinguished
from a “shell” of a “core/shell” material or a “coating” of a coated particle in which a lithium
nickel oxide secondary particle is coated with a Co-containing material, such as LiCoQO», to
provide a LiCoO; coated LiNi(;-xCoxO> core/shell or coated material, for example. In the
core/shell material, the secondary particle is coated with the Co-containing material to
provide cobalt on the outer surface of the secondary particle, ostensibly to reduce the
interaction between the lithium nickel oxide secondary particle and an electrolyte in a battery.

[0066] In an embodiment disclosed is a particle, comprising: a plurality of crystallites
comprising a first composition having a layered a-NaFeO,-type structure and comprising
lithium in an amount of about 0.1 to about 1.3 moles, per mole of the first composition,
nickel in an amount of about 0.1 to about 0.79 mole, per mole of the first composition, cobalt
in an amount of 0 to about 0.5 mole, per mole of the first composition, and oxygen in an
amount of about 1.7 to about 2.3 moles, per mole of the first composition; and a grain
boundary bctween adjacent crystallites of the plurality of crystallitcs and comprising a sccond
composition having the layered a-NaFeQ,-type structure, a cubic structure, or a combination
thereof, wherein a concentration of cobalt in the grain boundary is greater than a
concentration of cobalt in the crystallites.

[0067] In various embodiments, (i) the grain boundary is substantially rectilinear in
cross-section; and/or (ii) a direction of a surface of the grain boundary is different than a
direction of a tangent of a nearest outer surface of the particle; and/or (iii) the particle
comprises a first grain boundary and a second grain boundary, wherein the first grain
boundary and the second grain boundary are each directly on a crystallite of the plurality of
crystallites, and wherein the first grain boundary and second grain boundary intersect at an
angle determined by a crystal structure of the first composition; and/or (iv) the grain
boundary has a length of about 50 to about 1000 nanometers, wherein the length is parallel to
a surface of an adjacent crystallite; and/or (v) the grain boundary has a thickness of about 1 to
about 200 nanometers, wherein the thickness is perpendicular to the crystallite surface; and/or
(vi) the particle has an average grain boundary length of about 50 to about 1000 nanometers;
and/or (vii) the particle has an average grain boundary thickness of about 5 to about 200
nanometers; and/or (viii) the second composition comprises lithium in an amount of about 0.1

to about 1.3 moles, per mole of the second composition, nickel in an amount of about 0.1 to
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about 0.95 mole, per mole of the second composition, cobalt in an amount of about 0.02 to
about 0.99 molc, pcr molc of the sccond composition, and oxygen in an amount of about 1.7
to about 2.3 molcs, per molc of the sccond composition; and/or (ix) the sccond composition
comprises nickel in an amount of about 0.1 to about 0.79 mole, per mole of the second
composition, and cobalt in an amount of about 0.02 to about 0.5 mole, per mole of the second
composition; and/or (x) the first composition may further comprise an additional metal,
wherein the additional metal is present in an amount of about 0.01 to about 0.9 mole, per
mole of the first composition; and the second composition further comprises a second metal,
wherein the second metal is present in an amount of about 0.01 to about 0.9 mole, per mole
of the second composition; and/or (xi) the additional metal is present in an amount of about
0.01 to about 0.2 mole, per mole of the first composition, and the second metal is present in
an amount of about 0.01 to about 0.2 mole, per mole of the second composition; and/or (xii)
the additional metal and the second metal each independently comprise Mg, Sr, Ca, Cu, Zn,
Mn, Al, V, Ba, Zr, Ti, Cr, Fe, Mo, B, or a combination thereof, and/or (xiii) the additional
metal and the second metal are a same metal, and each consist of Mg, Al, V, Ti, B, Zr, or Mn;
and/or (xiv) the additional metal and the second metal are each Mg; and/or (xv) the first
composition compriscs Mn, and thc Mn is present in the first composition in an amount of
about 0.01 to about 0.6 mole, per mole of the first composition, and the second composition
comprises Mn, and the Mn is present in the second composition in an amount of about 0.01 to
about 0.6 mole, per mole of the second composition; and/or (xvi) the first and second
compositions each independently comprise a composition of Formula 1:
LiQ,Q M0, (1)

wherein Q1 is Mg, Sr, Ca, Cu, Zn, or a combination thereof, Q2 is Mn, Al, Mg, Ca, Sr,
Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga, or B, or a combination thereof, M' is Ni and Co,
0.1<a<1.2, 0<y<0.2, and 0<z<0.6; and/or (xvii) the first and second compositions cach
independently comprise a composition of Formula 2

LiuNi(1 x5 CoxM?*,Op )

wherein M? is Al V, Ti, B, Zr, Mn, or a combination thercof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.2, and 1.7<b=<2.3; and/or (xviii) the first and second compositions cach independently
comprise a composition of Formula 3:

Li,Ni( xy»CoM’yMn, 0O, (3)
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wherein M? is Al V, Ti, B, Zr, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.1, 0.1<z<0.6, and 1.7<b<2.3; and/or (xix) thc first and sccond compositions cach
independently comprisc a composition of Formula 4:

LiaNig5Cox0» 4

wherein 0.1<a<1.3, and 0<x<0.2 or 0.2<x<0.5; and/or (xx) the first composition
comprises a composition of Formula 4 wherein 0<x<0.2, and the second composition
comprises a composition of Formula 4 wherein 0.2<x<0.5; and/or (xxi) a concentration of
cobalt in the crystallites is about 0.25 to about 17 atomic percent, and a concentration of
cobalt in the grain boundary is about 0.5 to about 32 atomic percent, each based on a total
atomic composition of the particle; and/or (xxii) further comprising a layer on a surface of the
particle, wherein the layer comprises an oxide, a phosphate, a pyrophosphate, a
fluorophosphate, a carbonate, a fluoride, an oxyfluoride, or a combination thercof, of Zr, Al,
Ti, Al, B, or Si, or a combination thercof; and/or (xxiii) the layer comprises ZrQO,, AL Os,
Ti0O,, AIPO4, AlFs, B,0s3, SiO;, Li,0, Li,COs, or a combination thercof; and/or (xxiv) the
layer comprises a borate, an aluminate, a silicate, a fluoroaluminate, or a combination thereof.

[0068] Also disclosed is a particle, comprising: a plurality of crystallites comprising a
first composition having a laycrcd a-NaFcO,-typc structurc and comprising lithium in an
amount of about 0.1 to about 1.3 moles, per mole of the first composition, nickel in an
amount of about 0.91 to about 0.99 mole, per mole of the first composition, cobalt in an
amount of 0 to about 0.5 mole, per mole of the first composition, and oxygen in an amount of
about 1.7 to about 2.3 moles, per mole of the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and comprising a second composition
having a layered a-NaFeO;-type structure, a cubic structure, or a combination thereof,
wherein a concentration of cobalt in the grain boundary is greater than a concentration of
cobalt in the crystallites.

[0069] Also disclosed is an electrode for a lithium-ion battery, the electrode
comprising the particle, and a lithium-ion battery comprising the particle.

[0070] Also disclosed is a method of manufacturing a particle, the method
comprising: combining a lithium compound, a cobalt compound, and a nickel compound to
form a mixture; heat treating the mixture at about 30 to about 200°C to form a dried mixture;
heat treating the dried mixture at about 200 to about 500°C for about 0.1 to about 5 hours;
then heat treating at 600 to about 900°C for about 0.1 to about 10 hours to manufacture the
particle, wherein the particle comprises a plurality of crystallites comprising a first

composition having a layered a-NaFeQO,-type structure and comprising Li, Ni, Co, and O,
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wherein the Li is present in an amount of about 0.1 to about 1.3 moles, per mole of the first
composition, nickcl is present in an amount of about 0.1 to about 0.79 molc or about 0.91 to
about 0.99 molc, pcr molc of the first composition, cobalt is present in an amount of 0 to
about 0.5 mole, per mole of the first composition, and oxygen is present in an amount of
about 1.7 to about 2.3 moles, per mole of the first composition; and a grain boundary between
adjacent crystallites of the plurality of crystallites and comprising a second composition
having a layered a-NaFeO;-type structure, a cubic structure, or a combination thereof,
wherein a concentration of cobalt in the grain boundary is greater than a concentration of
cobalt in the crystallites.

[0071] The disclosed embodiment is further illustrated in the following Examples.

EXAMPLES
Example 1. Preparation of Li; gsMgo.025Ni0.02C0¢.0s02.05

[0072] A material having the composition Lij gsMgg.025Nip.92C0¢.05s07.05 was prepared
dry mixing 242.9 g Li(OH), (anhydrous fine powder available from Sigma-Aldrich, Inc., St.
Louis, Mo.), 14.8 g Mg(OH), (fine powder available from Alfa Aesar, Ward Hill, Mass.), and
35.0 g LiNOs (crystals availablc from Alfa Acsar, Ward Hill, Mass.). To thc mixturc of
Li(OH);, Mg(OH),, and LiNOs was added 940.3 g Nip.92Co0¢.0s(OH), (available from OM
Group, Inc.) in a 1 liter jar. The compounds were mixed by shaking the jar.

[0073] The mixed compounds were placed in an alumina crucible and sintered.
Sintering was performed by heating at a rate of about 5 °C per minute to about 450 °C, and
held at about 450 °C for about two hours. The temperature was then raised at about 2 °C per
minute to about 700°C, and held for about six hours. The sample was then allowed to cool
naturally to room temperature. The cooled sample was ground for about five minutes to

break up any agglomerates to provide Li; 0sMgo.025Ni0.02C00.0802.05.

Example 2. Li;.01Mg0.024Ni0.55C00.1202.03 with Co-enriched grain boundaries.

[0074] 0.3 grams (g) of LiNOs and 117.4 g of Co(NO3),-6H,0 were dissolved in 1000
g of H,O heated to 60 °C, and 1000 g of the Lij gsMgo.025Nin.02C00.0502.05 of Example 1 was
added thereto and the resulting slurry was stirred for 30 minutes. The slurry was then spray-
dried to yield a powder. The resulting powder was placed in an alumina crucible and heated
at at a rate of about 5 °C per minute to about 450 °C, and held at about 450 °C for about one
hour. The temperature was then raised at about 2 °C per minute to about 700°C, and held for

about two hours. The sample was then allowed to cool naturally to room temperature to
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provide a material having the overall composition Lij 01 Mg 024Nip 55C00.1202.03. X-ray
diffraction (XRD) confirmed thc matcrial as having the laycred a-NaFcO,-typce structurc with
latticc paramcters a=2.872 A and ¢=14.192 A.

[0075] A thin (approximately 100 to 150 nanometer, nm) section of a secondary
particle was prepared by focused ion beam milling for scanning transmission electron
microscopy (STEM) and energy dispersive X-ray (EDX) analysis.

[0076] FIG. 3 is a low-resolution STEM image of secondary particle having a
diameter of about 7 um. The secondary particle is comprised of densely agglomerated
primary crystallites.

[0077] FIG. 4 is a higher resolution STEM image of the particle shown in Fig. 3, and
FIG. 5 an enlarged view of a portion of FIG. 4. Indicated in FIGS. 4 and 5 is the location of
the EDX spot analyses, the results of which are shown in FIGS. 6 and 7. A total of 25 spots
(each indicated with an “s” and arranged in a line), were analyzed. The line began at position
1 the center of a first crystallite 201, traversed a grain boundary 203, and ended at position 25
at the center of an adjacent second crystallite 202.

[0078] FIG. 6 is a graph of concentration (arbitrary units) versus position showing the
concentration of the clements O, Mg, Co, and Ni for cach spot of thc EDX analysis. The
results of FIG. 6 show that a concentration of cobalt in the grain boundary 203 is greater than
a concentration of cobalt in either of the first and second crystallites 201 and 202.

[0079] FIG. 7 is a graph of the concentration of cobalt (as a percentage of non-
Lithium atoms) versus position for each spot of the EDX analysis. FIG. 7 also shows that the
concentration of cobalt in the grain boundary 203 is greater than the concentration of cobalt

in either of the first and second crystallites 201 and 202.

Example 3. Lij 0sMgp.025Nip55C00.120,.05 with uniform Co distribution

[0080] A material having the overall composition Lij gsMgg025Nip 55C00.1202.05 was
prepared using the same method as provided in Example 1, except that 940.3 g of
Nip ssC00.12(OH), was used in place of Nip.92Co0¢0s(OH),, thus yiclding a material having
substantially the same overall composition as that of example 2, but with Co uniformly
distributed as opposed to having the Co enriched grain boundaries of example 2. XRD
confirmed the material as having the layered a-NaFeO,-type structure with lattice parameters

a=2.869 A and c=14.182 A.
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Example 4. Electrochemical analyses of Examples 2 and 3

[0081] The matcrials of Examplcs 2 and 3 were cach blended with PVAF (Kurcha
KF-1120) and carbon (Dcnka black) in N-mcthylpyrrolidinone to form a slurry, and cach
slurry coated on an aluminum foil current collector. Cathodes were punched from the coated
aluminum foil and were assembled into half cells with lithium foil, a glass fiber separator
(Whatman 934-AH) and an electrolyte of 1 M LiPFs in 1/1/1 (vol.) EC/DMC/EMC with 1 wt.
% VC (Kishida Chemical) in a 2025 coin cell. The capacity of each cell was determined by
calculation from the electrode weight, assuming a capacity of 200 mAh/g cathode material.
The cells were then charged to 4.3 V at C/20, and discharged at rates from C/20 to 5C. With
respect to charge or discharge rates, C refers to the C-rate, which is the rate to charge or
discharge the cell in one hour. The results of the half-cell analysis are shown in Table 1.

Table 1: Half Cell results

Discharge Capacity (mAh/g) Ratio of
Cathode Type
C/20 C/5 5C 5C to C/5
Example 2 214 201 168 84%
Example 3 207 196 144 73%

[0082] As shown in Table 1, the material of Example 2, in which a concentration of
cobalt in grain boundaries was greater than in the crystallites, provided higher capacity at all
discharge rates evaluated, and a higher 5C to C/5 ratio, than the material of Example 3, which
had a uniform cobalt content.

[0083] Cathodcs of the cxamplc 2 and 3 matcrials were also asscmbled in lithium-ion
coin cclls (sizc 2025) oppositc graphitic carbon anodcs (MCMB 25-28, Osaka Gas) with a
microporous polyolefin separator (Celgard 2325) and electrolyte of 1 M LiPF¢ in 1/1/1 (vol.)
EC/DMC/EMC with 1 wt. % VC (Kishida Chemical). These lithium-ion cells underwent
extended 1C charge, 1C discharge cycling between 4.2 V and 2.75 V. FIG. 8 graphs the
results of this 1C/1C cycling, showing that the material of example 2 having Co-enriched
grain boundaries obtains higher capacity and higher cycling capacity retention than does the
material of example 3 having the same overall Co content as the material of example 2, but

with the Co uniformly distributed.
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Example 5. Preparation of Li; osMgp 025sNiO2 os.

[0084] A matcrial having thc composition Li; gsMgo.025N102.0s was preparcd using the
samc mcthod as provided in Examplc 1, cxcept that 940.3 g of Ni(OH), (#543 high density
spherical powder available from OM Group, Inc., Cleveland, Ohio) was used in place of

Nig.02C00.0s(OH)5.

Example 6. Lij.01Mg0.023N10.03C00.0702.03 with Co-enriched grain boundaries.

[0085] A material having the overall composition Lij 01Mgo.023Nig.03C00.0702.03 was
prepared using the same method as provided in Example 2, except that 28.4 g of LiNOs,
234.8 g Co(NO3),-6H,0, and 1000 g of the Lij gsMgg.025NiO; 95 of Example 5 were used.
XRD confirmed the material as having the layered a-NaFeO,-type structure with lattice
parameters a=2.876 A and ¢=14.200 A. A particle of the material was sectioned by focused
ion beam milling and was analyzed by STEM with EDX.

[0086] Shown in FIG. 9 is a STEM image of a particle of the
Li1 01Mg0.023Ni0.93C00.0702.03. The area A in FIG. 9 indicates the area analyzed by high
resolution STEM with energy dispersive X-ray analysis, the results of which are shown in
FIGS. 10-13.

[0087] FIG. 10 is a high-resolution STEM image of area A of the particle shown in
FIG. 9. The image of FIG. 10 shows crystallites and grain boundaries between the
crystallites.

[0088] FIG. 11 is an energy dispersive X-ray (EDX) spectrum of the area shown in
FIG. 10, showing the presence of cobalt and nickel. The overall cobalt to nickel ratio,
determined by integrating the area of the cobalt and nickel peaks in the broad-area EDX
spectrum, respectively, is 0.079.

[0089] FIGS. 12 and 13 are, respectively, cobalt and nickel high-resolution EDX
maps of the area shown in FIG. 10. FIG. 12 shows that nickel is uniformly distributed and is
present in the crystallites and in the grain boundaries. FIG. 13 shows that the cobalt is
concentrated at the grain boundaries. An average thickness of the grain boundaries in FIG.

13 is about 100 nm, and the thickness of the grain boundaries range from 50 nm to 150 nm.

[0090] While this disclosure describes exemplary embodiments, it will be understood
by those skilled in the art that various changes can be made and equivalents can be
substituted for elements thereof without departing from the scope of the disclosed
embodiments. In addition, many modifications can be made to adapt a particular situation or

material to the teachings of this disclosure without departing from the scope thereof.
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Therefore, it is intended that this disclosure not be limited to the particular embodiments
discloscd as thc best mode contemplated for carrying out this disclosurc. It should also be
undcrstood that the cmnbodiments discloscd hercin should be considered in a descriptive sensc
only and not for purposes of limitation. Descriptions of features or aspects of cach
embodiment should be considered as available for other similar features or aspects of other

embodiments
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WHAT IS CLAIMED IS:

1. A particle, comprising;:

a plurality of crystallitcs comprising a first composition having a laycrcd a-NaFcO,-
type structure and comprising

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the first
composition,

nickel in an amount of about 0.1 to about 0.79 mole, per mole of the first composition,

cobalt in an amount of 0 to about 0.5 mole, per mole of the first composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the first
composition; and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having the layered a-NaFeO,-type structure, a cubic
structure, or a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration
of cobalt in the crystallites.

2. The particle of claim 1, wherein the grain boundary is substantially rectilinear
In cross-scction.

3. The particle of any of claims 1 to 2, wherein a direction of a surface of the
grain boundary is different than a direction of a tangent of a nearest outer surface of the
particle.

4. The particle of any of claims 1 to 3, wherein the particle comprises a first
grain boundary and a second grain boundary, wherein the first grain boundary and the second
grain boundary are each directly on a same crystallite of the plurality of crystallites, and
wherein the first grain boundary and second grain boundary intersect at an angle determined
by a crystal structure of the first composition.

5. The particle of any of claims 1 to 4,

having an average grain boundary length of about 50 to about 1000 nanometers,

having an average grain boundary thickness of about 1 to about 200 nanometers,

wherein the grain boundary has a length of about 50 to about 1000 nanometers,
wherein the length is parallel to a surface of an adjacent crystallite, and

wherein the grain boundary has a thickness of about 1 to about 200 nanometers,
wherein the thickness is perpendicular to the crystallite surface.

6. The particle of any of claims 1 to 5, wherein

the second composition comprises
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lithium in an amount of about 0.1 to about 1.3 moles, per mole of the second
composition,

nickel in an amount of about 0.1 to about 0.95 molc, pcr molc of the sccond
composition,

cobalt in an amount of about 0.02 to about 0.99 mole, per mole of the second
composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the second
composition.

7. The particle of any of claims 1 to 6, wherein

the first composition may further comprise an additional metal, wherein the additional
metal of the first composition is present in an amount of about 0.01 to about 0.9 mole, per
mole of the first composition;

the second composition further comprises an additional metal, wherein the additional
metal of the second composition is present in an amount of about 0.01 to about 0.9 mole, per
mole of the second composition; and

the additional metal of the first and second compositions ecach independently comprise
Mg, Sr, Ca, Cu, Zn, Mn, Al, V, Ba, Zr, Ti, Cr, Fc, Mo, B, or a combination thercof.

8. The particle of any of claims 1 to 7, wherein

the first composition comprises Mn, and the Mn is present in the first composition in
an amount of about 0.01 to about 0.6 mole, per mole of the first composition, and

the second composition comprises Mn, and the Mn is present in the second
composition in an amount of about 0.01 to about 0.6 mole, per mole of the second
composition.

9. The particle of any of claims 1 to 8, wherein

the first and second compositions each independently comprise a composition of
Formula 1:

Li.Q",Q,’'M'0; (D

wherein Ql is Mg, Sr, Ca, Cu, Zn, or a combination thereof, Q2 is Mn, Al, Mg, Ca, Sr,
Ba, Zn, Ti, Zr, Cr, Mo, Fe, V, Si, Ga, or B, or a combination thereof, M' is Ni and Co,
0.1<a<1.2, 0<y<0.2, and 0<z<0.6; or

the first and second compositions each independently comprise a composition of
Formula 2

LiyNi( x5 CoxM?*,0p )
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wherein M? is Al V, Ti, B, Zr, Mn, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.2, and 1.7<b<2.3; or

the first and sccond compositions cach independently comprisc a composition of
Formula 3:

Li;Nig xy »CoM’sMn, 0, (3)

wherein M? is AL, V, Ti, B, Zr, or a combination thereof, 0.1<a<1.3, 0.01<x<0.5,
0<y<0.1, 0.1<z<0.6, and 1.7<b<2.3; or

the first and second compositions each independently comprise a composition of
Formula 4:

Li,Nig1.xC0x0; 4)

wherein 0.1<a<1.3 and 0<x<0.2 or 0.2<x<0.5.

10. The particle of any of claims 1 to 9,

wherein the first composition comprises a composition of Formula 4 wherein
0<x<0.2, and the second composition comprises a composition of Formula 4 wherein
0.2<x<0.5.

11. The particle of any of claims 1 to 10, wherein

a conccntration of cobalt in the crystallites is about 0.25 to about 17 atomic percent,
and

a concentration of cobalt in the grain boundary is about 0.5 to about 32 atomic
percent, cach based on a total atomic composition of the particle.

12. The particle of any of claims 1 tol1, further comprising a layer on a surface of
the particle, wherein the layer comprises an oxide, a phosphate, a pyrophosphate, a
fluorophosphate, a carbonate, a fluoride, an oxyfluoride, or a combination thereof, of Zr, Al,
Ti, Al, B, or Si, or 4 combination thereof.

13. A particle, comprising;:

a plurality of crystallites comprising a first composition having a layered a-NaFeO,-
type structure and comprising

lithium in an amount of about 0.1 to about 1.3 moles, per mole of the first
composition,

nickel in an amount of about 0.91 to about 0.99 mole, per mole of the first
composition,

cobalt in an amount of 0 to about 0.5 mole, per mole of the first composition, and

oxygen in an amount of about 1.7 to about 2.3 moles, per mole of the first

composition; and
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a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a sccond composition having a laycrcd a-NaFcO,-typce structurc, a cubic
structurc, or a combination thcrcof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration
of cobalt in the crystallites.

14. A lithium-ion battery, the battery comprising an electrode comprising the
particle of any of claims 1 to 13.

15. A method of manufacturing a particle, the method comprising:

combining a lithium compound, a cobalt compound, and a nickel compound to form a
mixture;

heat treating the mixture at about 30 to about 200°C to form a dried mixture;

heat treating the dried mixture at about 200 to about 500°C for about 0.1 to about 5
hours; then

heat treating at 600 to about 900°C for about 0.1 to about 10 hours to manufacture the
particle, wherein the particle comprises a plurality of crystallites comprising a first
composition having a layered a-NaFeO;-type structure and comprising Li, Ni, Co, and O,
wherein

the Li is present in an amount of about 0.1 to about 1.3 moles, per mole of the
first composition,

nickel is present in an amount of about 0.1 to about 0.79 mole or about 0.91 to
about 0.99 mole, per mole of the first composition,

cobalt is present in an amount of 0 to about 0.5 mole, per mole of the first
composition, and

oxygen 1s present in an amount of about 1.7 to about 2.3 moles, per mole of
the first composition; and

a grain boundary between adjacent crystallites of the plurality of crystallites and
comprising a second composition having a layered a-NaFeO,-type structure, a cubic
structure, or a combination thereof,

wherein a concentration of cobalt in the grain boundary is greater than a concentration

of cobalt in the crystallites.
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