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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450wwwuspto .gov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

20 115/513,914 03/23/2017 1726 1620 19920NP

 
   

CONFIRMATION NO. 3998

293 UPDATED FILING RECEIPT

Es‘élvfibhifl‘élvéhiig‘gum203 IIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ALEXANDRIA, VA 22303

Date Mailed: 05/31/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

lnventor(s)

Brian D. ADAMS, Mitchell, CANADA;

Dipan KUNDU, Kitchener, CANADA;
Linda F. NAZAR, Waterloo, CANADA;

Applicant(s)
UNIVERSITY OF WATERLOO, Waterloo, ON, CANADA

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

Domestic Priority data as claimed by applicant

This application is a 371 of PCT/CA2016/050613 05/31/2016
which claims benefit of 62/230,502 06/08/2015

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.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as

appropriate.

If Required, Foreign Filing License Granted: 05/24/2017
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 15/513,914

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
Title

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

Preliminary Class

429

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 US. 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 US. 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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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 15/513,914

APPLICATION AS FILED - PART I OTHER THAN

Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR1.16(a) (b) or (0))
SEARCH FEE
(37 CFR1.16(k) (i) or(m))

EXAMINATION) FOEE»(37 CFR116(O

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
(37 CFR1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41 (a)(1)(G) and 37 CFR1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))

* lfthe difference in column 1 is less than zero, enter ”0” in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 2) (Column 3) SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 CFR1.16(i))

Independent(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE

(Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 OFR1. 16(i))
Independent

(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

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

*** If the ”Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter ”3”.
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'ESS. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, Vfigmia 22313-1450wwwusptogov
 

15/513,914 Brian D. ADAMS 19920NP

293

DOWELL & DOWELL, P.C. PCT/CA2016/050613

2560 HUNTINGTON AVE, SUITE 203

ALEXANDRIAVA22303

CONFIRMATION NO. 3998

371 ACCEPTANCE LETTER

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

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.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be

issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE

"FILING DATE or 371 (c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)

REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. 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)

W

DATE OF RECEIPT OF 35 U.S.C.

371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

' Copy of the International Application filed on 03/23/2017

' Copy of the International Search Report filed on 03/23/2017

- Preliminary Amendments filed on 08/29/2017
. Information Disclosure Statements filed on 08/30/2017

. Inventor's Oath or Declaration filed on 12/06/2017

' U.S. Basic National Fees filed on 03/23/2017

' Authorize Access to Search Results filed on 03/23/2017

- Priority Documents filed on 03/23/2017

- Power of Attorney filed on 12/06/2017
. Authorization to Permit Access filed on 03/23/2017

' Application Data Sheet (37 CFR 1.76) filed on 03/23/2017

page 1 of 2
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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 US. application no. shown above (37 CFR 1.5)

INDIA L EVANS
 

Telephone: (571) 272-9085

page 2 of 2
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Doc Code: PA.. proinwaze (or-13)
Document Description: Power of Attorney mm... m, m mien 11,30,201... one “51.0051U.S. Patent and Trademark Oifloo: U.S. DEPARTiIiENT OF COMMERCE

Under the Paperwork Reduction Act of 1995. no person: are requlred to respond to a selection of Information unless it displays a valid OMB some! number

POWER OF ATTORNEY BY APPLICANT

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

15/513,914 —
(Note: The boxes above may be left blank if information Is provided on form PTO/AWBZA.)

I hereby appoint the Patent Practitioneris) associated with the following Customer Number es mylour attomeyts) or agentis). and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIN82A) or identified above:

OR

i hereby appoint Practitioner(s) named in the attached list (form PTOIAIAI820) as myiour attorney(s) or agenda), and to transact
all business In the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTOIAIN82A) or identified above. (Note: Complete form PTorAwezc.)

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

D The address associated with the above-mentioned Customer Number
OR

The address associated with Customer Number: I 293 iOR

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

University of Waterloo ’

D Inventor or Joint Inventor (title not required below)
El Legal Representative of a Deceased or Legally lncapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signers title it applicant is a juristic entity)

E] Person Woo Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
= . Iicetion or is ooncunentl beln- filed wim this document rovide si ner's title it a "cent Is a uristic en

SIGNATURE of Applicant for Patent

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

_nmamg_ emotions» Imu—

NOTE: Signature - This form mu
and oertificatio ns. If more than one applicant. use multiple forms.

DTotal of forms are submitted.
This ooleclion at Information In required by 37 CFR 1.131. 1.32. and 1.33. The Information to required to obtain or retain a benefit by the public which Is [elite {and by the
USPTO to process) an application. Confidentiality in governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 mimics 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 andlor suggestions for reducing this burden, should be sent to the Chief Inlcrmallon Officer. U.S. Patent and Trademark Office. us.
Dopamnont O'Commorco. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND ro: Gor'rmlssloner
for Patents. FLO. Box 1460. Alexandria. VA 22313-1450.

if you need assistance in completing the form. cell MOO-PTO-QTQQ and select option 2.
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RALPH A. DOWELL

—
—
_
—
‘

“ 
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RALPH A. DOWELL

—
—
_
—
‘

“ 
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Electronic Acknowledgement Receipt

“—

——

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced
Title of Invention: Therefrom

——

Payment information:

Submitted with Payment no

File Listing:

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

3179159

 
Oath or Declaration filed 19920decs_substat.pdf 3959382e4d619adale2c3c031e958637594

f4335

Warnings: UW Exhibit 1002, n. 9
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Information:

Transmittal Letter 19920poa_dec_trans.pdf 231827f569155cdbd30b394dc798670286e7
UbEBU

751 975

Power of Attorney 19920poa.pdf 2fc315946761135008d3bf3b70fc549f5165e
2653

Total Files Size (in bytes) 3966435

Information:

Information:

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor : ADAMS et al

Appl. No. : 15/513,914

Filed : March 23, 2017

Title : ELECTRODE MATERIAL FOR RECHARGEABLE ZINC CELLS AND

BATTERIES PRODUCED THEREFROM

Grp./A.U. : N/A
Examiner :

Docket No. : 19920NP

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

Commissioner:

LATE SUBMISSION OF DECLARATIONS AND POWER OF ATTORNEY

Counsel hereby submits a signed declarations for the above—referenced application.

Inventor Adams has refused to signed. A substitute statement from the applicant and assignee

is included along with their signed power of attorney.

Should the Office have any questions regarding this submission, Counsel invites the

Office to contact the undersigned agent of record at the telephone number provided below.

Respectfully submitted,

DOWELL & DOWELL, P. C.

[WENDY M. SLADEZ

WENDY M. SLADE

Reg. No.: 53604

Date: December 6 2017 

DOWELL & DOWELL, P.C.

2560 Huntington Avenue, Suite 203

Alexandria, VA 22303

Telephone: 703—739—9888

Page 1 of 2
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Appl. No. 15/377,474

December 6, 2017

Facsimile: 703—739—9889

Email: doweiigfiédoweiigcxom;
Customer No.: 00293

Page 2 of 2
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'fiss. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450www.uspto .gov

APPLICATION NUMBER F ING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

15/513,914 03/23/2017 Brian D. ADAMS 19920NP

CONFIRMATION NO. 3998

293 PUBLICATION NOTICE

DOWELL & DOWELL, P.C.

2560 HUNTINGTON AVE, SUITE 203 11||1|1|11||111111111111111111111111111111111111111111111111111111111111111111
ALEXANDRIA, VA 22303

Title:Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

Publication No.US-2017-0250449-A1

Publication Date:08/31/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37

CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the

Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to

applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set

forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's

Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)

972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

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

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

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application

Information and Retrieval (PAIR) system. The direct link to access this status information is currently

https://portal.uspto.gov/pair/PublicPair. 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

page 1 of 1
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Doc code: IDS PTOISBI'DBa (03-15)
. . _ . . . Approved for use through 071311'2016. OMB 0651-0031

Doc description. Information Disclosure Statement (IDS) FIIed us. Patent and Trademark Office; us. 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.
 

 

 
 

 
   

| 5513914
I

1725

Application Number 

Filing Date 

IN FORMATION DISCLOSU RE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor

Art Unit

 

 

Examiner Name nla

Attorney Docket Number I 19920NP

   
 

 

U.S.PATENTS - 

Pages,Columns,Lines where

Relevant Passages or Relevant

Figures Appear

994-08-09 OKSBANG

Examiner Cite Kind Name of Patentee or Applicant
Initial* No Patent Number Code1 Issue Date Of cited Document

 

  '014—03-04 ‘ NG ET AL.

If you wish to add additional US. Patent citation information please click the Add button. Add 

U.s.PATENT APPLICATION PUBLICATIONS - 

Pages,Columns,Lines where

Relevant Passages or Relevant

Figures Appear

Examiner Cite No Publication Kind Publication Name of Patentee or Applicant
Initial* Number Code1 Date Of cited Document

     
If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS - 

  

  

  
 
Name of Patentee or Pages,Columns,Lines

Examiner Cite Foreign Document Country Kind Publication A licant of cited where Relevant
Initial* No Number3 Code2i Code4 Date pp Passages or RelevantDocument .

FIgures Appear

1 02110858 |.I2011—06—29 X
OS ENERGY2 '013112660 |.I2013—08—01 TORAGE, LLC |:| 
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Application Number 15513914 

 

 

 

Filing Date 2017-03-23

IN FORMATION DISCLOSU RE First Named Inventor ADAMS et al.

STATEMENT BY APPLICANT Art U ._ _ M I 1726
( Not for submrssron under 37 CFR 1.99)

Examiner Name nla   
Attorney Docket Number I 19920NP 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add

Examiner Cite

|nitials* No
 

 

 

 

 

 

 

 

 

 
 

 
NON-PATENT LITERATURE DOCUMENTS

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, pages(s), volume-issue number(s),

publisher, city and/or country where published.

E et al., "lntercalation of Polyvalent Cations into V205 Aerogels", Chemistry of Materials, Volume 10 (3) (1998),
' ages 682—684.

IAHONG et al., "AC Impedance Study of the Aqueous ZnN205 Secondary Battery", ACTA PHYSICOCHIMICA
.INICA, Volume 16, No. 5 (2000), Pages 454-458 (abstract; and Figure 1).

IORGETTI et al., "Identification of an unconventional zinc coordination site in anhydrous Zn,V205 aerogels from x—ra
: bsorption", Chemistry of Materials, Volume 11(8) (1999), Pages 2257—2264.

' HANG et al., "Hydrothermal synthesis and characterization of a series of novel zinc vanadium oxides as cathode
aterials", Materials Research Society Symposium TIProceedings, Materials for Electrochemical Energy Storage and

onversion |l — Batteries, Capacitors and Fuel Cells, 496 (1998), Pages 367-372) .

r U, 0., LI, 3., DU, H., KANG, F., "Energetic Zinc Ion Chemistry: The Rechargeable Zinc Ion Battery." Angew. Chem.
nt. Ed. 2012, 51, 933.

’HANG, L.; CHEN, L.; ZHOU, X.; LIU, Z., "Towards High-Voltage Aqueous Metal-Ion Batteries Beyond 1.5V: The
'inchinc Hexacyanoferrate System." Adv. Energy Mater. 2015, 5, 1400930.

'AN, Huilin, et al. Reversible aqueous zinc/manganese oxide energy storage from conversion reactions. Published
‘ pril 18, 2016 Article number: 16039 DOI: 10.1038 Nature Energy 2016.39; Pages 1-7

ntemational Search Report (PCTICA20161050613) dated September 21, 2016.

ritten Opinion (PCTICA20161050613) dated September 21 , 2016

If you wish to add additional non-patent literature document citation information please click the Add button
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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 andr'or examine your submission, which may

result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the

Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record 5.
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court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
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request involving an individual, to whom the record pertains, when the individual has requested assistance from the
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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).

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.
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).
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his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
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purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.
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the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record

may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in

an application which became abandoned or in which the proceedings were terminated and which application is

referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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ELECTRQCHEW‘HCAL CELL WETl—l DEVALENT CATEQN ELECTRQLYTE

AME AT LEAfiT GhlE ENTERSALATEGN ELECTRGDE

Cacss Researcher: re RELATED APPLICATION

[llllllll This PCT patent applicatieii claims the benefit of US, previsiehal application serial

no. 61/591,526, filed cit lahuary 27, 2012. The entire cements of this application are

incarcerated herein by reference,

FEEL!) or rare lavasrics

{00%} This iriventicri is concerned with secondary electrochemical cells and batteries. hi

particular, this invention concerns electrolytes and electrcdes fer secondary electrccherrrical

cells and methods of making the same.

Baeacaocsh

{$993} Ari electrical stcrage battery cemprises one electrcchemlcal cell er a plurality of

electrcchemical cells of the same type, the latter typically being eclirrected in series to

previde a higher voltage or in parallel tc provide a higher charge capacity than provided by a

single cell. Ah electrochemical cell cemprises an electrolyte interposed between and iii

ccntact with art anode and a cathede. During battery discharge, the anode active material is

exidized and the cathode active material is reduced so that electrons flow train the shade

thrcugh an external load to the cathode and ions flew threagli the electrclyte between the

electrcdes.

{filled} Electrical storage batteries are classified as either ”primary" er "seccridary"

batteries, Primary batteries involve at least one irreversible electrode reaction and cannot he

recharged with asefiil charge efficiency by applying a reverse voltage. Seecridary batteries

invelve relatively reversible electrode reactichs and can he recharged with acceptable loss of

charge capacity over mtmercas chargendischarge cycles.

[tltlllfil Traditional secondary batteries, such as lithium ion batteries, are hresemly used tic

power electronic devices such as electric vehicles, pcrtahle computers, and other hand held

electronic devices (e.g., cellular telephones, music players, or global positioning navigation

systems). l-lowever, traditional secondary batteries are generally constructed from high ccst

materials, heavy metals, caustic electrclytes, and other materials that are harmfiil to the

environment. Furthermore, traditional secondary batteries suffer item performance

degradation ever numerous charge and discharge cycles. For example, traditicaai secondary

batteries lose charge capacity over several charge cycles, they are Cculomhically inefficient,

or they possess an elevated impedance or internal resistance that negatively effects battery

discharge.
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SUMMARY GF THE ENVEN’UGN

teens} The electrochemical cells of the present invention provide environmentally safe

energy storage systems that use low cost materials, reactants, and cell designs that are readily

adaptable to accommodate a made range of energy storage and power delivery applications.

Moreover, the electrochemical cells of the present invention deliver superior battery

performance including high energy density, high discharge/charge efficiency, and fast battery

recharging.

Etltlll‘ll in one aspect, the present invention provides a novel elecnocheniical cell that

comprises a cathode, an anode, and an electrolyte, Where anion species present in the

electrolyte intercalates into the cathode upon discharge of the electrochemical. cell.

ljtlllllll} [another aspect of the present invention provides an electrochemical cell comprising

an aqueous electrolyte comprising a divalent cation; a cathode comprising a layered material;

and an anode comprising a metal, wherein the divalent cation intercelates into the layered

material when the cell discharges; and the divalent cation de—intercalates from the cathode

material and deposits onto the anode as a neutral metal when the cell charges.

Elllltllll in some embodiments, the divalent cation is selected item anl, Cag‘l', Mg}: FeZl', or

any combination thereof. For example, the divalent cation is 2112+. in some examples, the

an+ divalent cation is generated upon the dissolution of2211504, Zn(CllCtz)2, an03)2,

Zn<C02Cil3)z, ZfiClg, ZnBrz, ZntClOQZ, or any combination thereof in water. in such

instances, the aqueous electrolyte thither comprises a counter ion selected fifom SO42“, CHO‘,

N03,", CQZCl-lg", Cl", Br", ClOi', or any combination thereof;

liltiltl} in some embodiments, the aqueous eleenolyte has a pll that is approximately

neutral. For example, the electrolyte has a pit of from about 6 to shout 8.

liltllll in some embodiments, the aqueous electrolyte has a pl-l that is slightly acidic, For

example, the electrolyte has a pH of from about 3 to about {3,

{Gilli} in some embodiments, the layered material comprises a metal, oxide, a mixed metal

oxide, a metal sulfide, a zinc-metal phosphate, a zinc metal oxide, or any combination

thereof. For example, the layered material comprises manganese oxide, vanadium oxide,

manganese vanadium oxide, Tng, WOzClg, or any combination thereof. in other examples,

the layered material comprises a manganese oxide that undergoes a reduction in its oxidation

state of l or more during the discharge of the electrochemical cell.

{tllllSl In some embodiments, the cathode comprises manganese oxide having a chemical

fonnula of lvlnxOy, where x is greater than or equal to l, anti y is greater than or equal to 2.

h.)
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{hills} in some embodiments, the layered material comprises manganese vanadium oxide

having a chemical formula of MnszOy, where x is greater than or equal to Ly is greater than

or equal to 2, and a is greater than or equal to l.

liltilSl in some embodiments, the layered material comprises manganese oxide having a

chemical formula of MnOg, Nlll503, MmO-niiiigfl, Mnyfiwilligt), MmflgrBl-lgtfl, M11204,

Mnaflggrligfl, or any combination thereof, For example, the layered material comprises

Mnsflg that comprises a power having a mean particle diameter of about 5% pm or less,

tools} in some embodiments, the cathode is doped with Al, B, or any combination thereof.

ihill’fl in some embodiments, the cathode further comprises a carbon powder. For

example, the cathode further comprises about l5 wt% or less of the carbon powder by weight

of the cathode material. in other examples, the carbon powder comprises acetylene black,

furnace hlach, channel black, graphite, activated carbon, graphene, or any combination

thereof.

lltltlidl in some embodiments, the cathode further comprises an additive that stabilizes the

crystal lattice structure of manganese oxide. For example, the additive comprises TiSz, TiBz,

Bipflg, or any combination thereof. in other examples, the additive is present at a

concentration of about 20 wt% or less by weight of the cathode.

{@919} in some embodiments, the anode comprises a metal, and a portion of the metal

transforms into a divalent cation when the cell is discharged. For example, the metal material

comprises zinc (Zn) or magnesium {it/lg)

{9929] in some embodiments, the cathode material, the anode material, or hath former

comprises a binder. in some examples, the binder comprises polyacrylonitrile, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetrailnoroethylene, polyvinylidene

ditlnoride, polymethylmethacryiate, or any combination thereof. in other examples, the

binder is present at a concentration of from about 3 wt% to shoot 15 wt% by weight of the

cathode material.

{082E} in some embodiments, the anode, the cathode, or both finther comprises a current

collector, in some examples, the current collector comprises one or more electrically

conductive metals or an electrically conductive polymer material. For example, the current

collector comprises a woven material, a nonwoven material, or a combination thereof, in

other examples, the current collector comprises a sheet ofnonovovcn material that optionally

comprises pertorations.

{9022} Another aspect of the present invention provides an electrochemical cell comprising
. . . . ., ., , 3 * + . .

an aqueons electrolyte comprtsrng a divalent cation eompnsrng in 1 Mg , or a combination

3
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thereof; a cathode comprising metal oxide tag, manganese oxide or manganese vanadium

oxide}; and an anode comprising zine metal, magnesium metal, or a combination thereof,

wherein the aqueous electrolyte has a nearly neutral pH, the divalent cation interealates into

the cathode when the cell discharges; and the divalent cation deposits onto the anode material

as a neutral metal when the cell charges.

tones} in some embodiments, the divalent cation is Zn”.

gear-n in some embodiments, the Zn2+ is generated upon the dissolution onnSO4,

Znt’CllOzb, ZntN03)z, ZntCQZCH3}g, ZnClg, Zl’lBi‘z, Zn(ClO4)2, or any combination thereof

in water, in such instances, the aqueous electrolyte hirther comprises a cotmter ion selected

from 8042”, {El-it)“, N03} (303113183, Cl", Br“, ClOs', or any combination thereof.

{hold} In some embodiments, the cathode comprises manganese oxide, and the manganese

oxide is not substantially soluble in the electrolyte, For example, the manganese oxide has a

chemical formula of MnXOy, where x is greater than or equal to l, and y is greater than or

equal to 2. ln some embodiments, the cathode comprises manganese vanadium oxide having

a chemical formula of MnszOy, Where x is greater than or equal to i, y is greater than or

equal to 2, and z is greater than or equal to l, in other examples, the cathode material

comprises manganese oxide having a chemical formula of Mnflg, Mnsgg, hingthefll-izfl,

MnytflwiiligO, h/lmOgv3ll20, Month, MllaO;g“H20, or any combination thereof. And, in

some embodiments, the cathode comprises manganese oxide having a predominant crystal

structure of o—MnOz, ti--—-lvln02, pull/int); 5-“Ml'102, layered, or any combination thereof.

toms} In some embodiments, the manganese oxide has a chemical formula ofMnsflg, and

the manganese oxide comprises a power having a mean particle diameter of about 5Q pm or

less.

lililZ’l’l in some embodiments, the cathode further comprises a cartoon. powder. For

example, the cathode further comprises about 15 wt% or less ofthe carhon powder by weight

of the cathode. in some instances, the carbon powder comprises acetylene black, iniiiace

black, ehartnel black, graphite, activated carbon, graphene, or any combination thereof.

{9028} in some embodiments, the cathode thrther comprises an additive that stabilizes the

crystal lattice structure of manganese oxide. For example, the additive comprises Tng, TiBZ,

Bl203, or any combination thereof, in other examples, the additive is present at a

concentration of about 20 wt% or less by weight of the cathode,

{@929} in some embodiments, the cathode is doped. with Al, 8, or any combination thereof.

fljiltliilll in some embodiments, the anode comprises zine metal.
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{will} in some embodiments, the anode comprises zine metal and the divalent cation is

2112+.

{£33332} in some embodiments, the anode material, the cathode material, or hath fin’ther

comprises a hinder, such as any of the hinders described above.

{0933} in some embodiments, the anode, the cathode, or both further comprises a current

collector, such as any of the current collectors described above.

geese} Another aspect of the present invention provides a method of manufaettning an

electrochemical cell comprising providing a cathode comprising a layered material; providing

an anode comprising a metal; and providing an aqueous electrolyte comprising a divalent

cation, wherein the divalent cation intercalates into the layered material when the cell

discharges; and the divalent cation. de-intercalates fiom the cathode material and deposits

onto the anode material as a neutral metal when the cell charges.

lease} in, some implementations, the divalent. cation is selected from 2112+, Ca2+, Mgfi,

Fe”, or any combination thereof.

{0936} in some implementations, the divalent cation is Zn +

{3937’} Some implementations further comprise dissolving ZnSOi, Zn(Cl-l02)2, Znt‘Nflg)2,

ZnefCClgCi-igh, leClz, ZnBrz, ZntCiOih, or any combination thereof in water to generate the

2112+ divalent cation.

{9938} in some implementations, the cathode material comprises a layered material

comprising a metal oxide, a mixed metal oxide, a metal sulfide, a zinc metal phosphate, a

zinc metal oxide, or any combination thereof,

{0939} in some implementations, the cathode material comprises manganese oxide,

vanadium oxide, manganese vanadium oxide, TiSz, WOzClz, or any combination thereof.

liliidill in some implementations, the cathode material comprises a metal oxide that

undergoes a reduction in its oxidation state of l or more during the discharge of the

electrochemical cell.

{can} in some implementations, the cathode comprises manganese oxide having a

chemical formula of h/lnxfly, where x is greater than or equal to l, and y is greater than or

equal to 2.

{$342} in some implementations, the cathode comprises manganese vanadium oxide having

a chemical formula ofMaxi/20y, where x is greater than or equal to l, y is greater than or

equal to 2, and 2 is greater than or equal to l.

{till-<3} in some implementations, the cathode comprises manganese oxide having a

chemical fomiuia 0fM302, h’lfl503, Mfl30793l’i20'3 hill70146i‘l20’, Mm09”3HQG, anG43

5
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Mammal-{20, or any combination thereof. in other embodiment, the cathode comprises

manganese oxide having a predominant crystal structure of omMnth, ii—Mnflg, ymMnGg,

5~Mn02, layered, or any combination thereof.

{titled} in some implementations, the cathode comprises M11503, and the M11503 comprises a

powder having a mean particle diameter of about 50 am or less”

{0045} lo. some implementations, the cathode further comprises carbon powder,

{9946} in some implementations, the cathode further comprises about l5 wt% or less of the

carbon powder by weight of the electrode material,

{994?} In some implementations, the carbon powder comprises acetylene black, tiirnace

black, channel black, graphite, activated carbon, graphenee or any combination. thereof,

£0048} in some implementations, the cathode thriller comprises an additive that stabilizes

the crystal lattice structure of manganese oxide.

{@649} in some implementations, the additive comprises Tng, TiBz, Bigfig, or any

combination. thereof.

liltiSill In some implementations, the additive is present at a concentration of about 29 wt%

or less by weight of the electrode material.

{$351} in some implementations, the anode material comprises a metal that undergoes an

increase in its oxidation state of l or more during the discharge of the electrochemical cell.

lililSZ} in some implementations, the anode comprises zinc metal or magnesium metal.

{W553} in some implementations, the divalent cation is Zn“, and the anode comprises zinc
metaic

{9%le in some implementations, the anode material, the cathode material, or both thither

comprises a binder,

{tlllSSl in some implementations, the binder comprises pclyacrylonitrile, polyvinyl alcohol,

polyvinyl chloride, polyethylene oxitie, polytetratiuoroethylene, polyvinylidene tliilooride,

polymethylmethacrylate, or any combination thereof.

{ease} in some implementations, the binder is present at a concentration of from about

3 ‘wt% to shoot 15 wt% by weight of the electrode material.

{0957} Some implementations firrther comprise providing a cathode current collector, an

anooe current collector, or hath.

{9958} in some implementations, the cathode current collector, the anode current coilector,

or both comprises one or more electrically conductive metals or an electrically conductive

polymer material.
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{@959} in some implementations, the cathode current coiiector, the anode current eoiiector,

or both comprises a woven materiai, a nonwwoven material, or a combination thereof.

rector in some impiementations, the cathode current collector, the anode current coiiector,

or hath comprises a sheet of nonwwoven materiai that optionaiiy comprises perforations.

59961} In some implementations, the cathode is doped with Al, B, or any combination

thereof.

{0062} Another aspect of the present invention provides an electrochemicai eeii comprising

an aqueous eiectroiy‘te comprising a divalent cation; a cathode comprising a cathode material;

and an anode comprising an anode materiai, wherein the divaient cation intercaiates into the

cathode material and de—inteteaiates item the anode material when the coil discharges; and

the divaient cation deuintercaiates from the cathode materiai and intercaiates into the anode

materiai when the ceii charges.

{0963} in some embodiments, the electrolyte commises a nearly neutral pits For exampie,

the eiectrotyte has a pit from about 6 to about it (cg, from about 6.5 to about 7.5),

{titted} in some embodiments, the aqueous eiectroiyte has a pit that is slightly acidic. For

example, the electroiyte has a pH of from about 3 to about 6.

{titted} in other embodiments, the aqueous divaient cation is seiected from Zn}: Ca2+, M32:

Felt or any combination thereof. For instance, the aqueous divaiem cation is Zn? in some

eiectroiytes, the Zn2+ divalent cation is generated upon the dissointion of 2.11804, Zn(t3ii()2)2,

an03)3, ZntCOZCEi3)2, ZnCitg, ZnBrz, Zn(Cit}4)2, or any combination thereof in water.

{once} In other embodiments, the anode materiai, the cathode material, or both comerises a

metal oxide, a mixed metal oxide, a metal suitide, a zinc metal phosphate, a zinc metai oxide,

or any combination thereof. For example, the anode material, the cathode materiai, or both

comprises manganese oxide, vanadium oxide, manganese vanadium oxide, 'i‘iSz, W()2Ci2, or

any combination thereof. in other exampies, the cathode material comprises a metai oxide

that undergoes a reduction in its oxidation state of i or more during the discharge of the

eiectrochemicai ceii. And, in some exampies, the anode materiai comprises a metai oxide

that undergoes an increase in its oxidation state of i or more during the discharge of the

eiectrochemicai ceii,

{986?} in some embodiments, the cathode material comprises a manganese oxide, wherein

the manganese oxide is not substantially soiuhie in the electrolyte. For example, the cathode

materiai comprises manganese oxide having a chemicai formoia of MnXOy, where a: is greater

than or equal to t, and y is greater than or squat to 2.
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gases} in some embodiments, the cathode material comprises manganese vanadium oxide

having a chemical fonnnla of h/lnszOy, Where x is greater than or equal to l, y is greater than

or equal to 2, and z is greater than or equal to l.

{oasis} in other examples, the cathode material comprises manganese oxide having a

chemical formula ofMali}, l‘t’ll’lsOg, Mogflyfillgi), M3170Height), Mn409r3l120, ranger,

MmOmngO, or any combination thereof. And, in some embodiments, the cathode material

comprises manganese oxide having a predominant crystal structure of(thl‘ng, fi-—-lvln()2,

’y—MnOg, 5—M1102, layered, or any combination thereof.

lilil‘ltl} in some embodiments, the anode material comprises manganese oxide, wherein the

manganese oxide is not substantially soluble in the electrolyte. For example, the anode

material comprises manganese oxide having a chemical formula of MnxOy, where x is greater

than or equal to l, and y is greater than or equal to 2, in some embodiments, the anode

material comprises manganese vanadium oxide having a chemical formula of h/inKVzQy,

Where x is greater than or equal to l, y is greater than or canal to 2, and z is greater than or

equal. to l . in. other examples, the anode material comprises manganese oxide having a

chemical formula of Mom, Mnsflg, MngCi—r3il20, M1170garBlizO, Mmflgfillzt), M11204,

Mm0330H20, or any combination thereof, And, in some embodiments, the anode comprises

manganese oxide having a predominant crystal structure of omhtnOg, timMnQZ, ymh/lntllg,

6—Mn02, layered, or any combination. thereof.

{@971} in other embodiments, the cathode material comprises manganese oxide, the anode

material comprises manganese oxide, and the oxidation state of the manganese in the cathode

material is greater than the oxidation state of the manganese in the anode material when the

cell has an 80C of at least about 90%. For example, the cathode material comprises

manganese oxide having an oxidation state of about 4 when the cell has an SOC ofat least

about 90%. in other examples, the anode material comprises manganese oxide having an

oxidation state of about 2 when the cell has an SOC of at least about 90%.

llill‘l’Z} And, in some embodiments, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

cathode material is approximately equal to the oxidation state of the manganese in the anode

material when the cell has an SOC of less than. about 10%. For example, the cathode material

comprises manganese oxide and the anode material comprises manganese oxide, and the

oxidation state of the manganese in the cathode material and the manganese in the anode

material is about 3 when the cell has an 80C of less than about 10%.
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{till'l’fil in other embodiments, the anode material, the cathode material, or both further

comprises a carbon powder. For example, the anode material, the cathode material, or both

further comprises about l5 wt% or less of the carbon powder by weight of the electrode

material, In some instances, the carbon powder comprises acetylene black, furnace black,

channel black, graphite, activated carbon, graphene, or any combination thereof.

{9974} in alternative embodiments, the anode material, the cathode material, or both farther

comprises an additive that stabilizes the crystal lattice structure of manganese oxide, in some

examples, the additive comprises Tng, "l‘iBg, BigOg, or any combination thereof. in other

examples, the additive is present at a concentration of about 20 will/ix or less by weight of the

electrode material.

Elltl‘l’Sl And, in some embodiments, the anode material, the cathode material, or both further

comprises a binder, in some instances, the hinder comprises polyacrylonitrile, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetrailuoroethylene, polyvinylidene

ditluoride, polymethylrnethacrylate, or any combination thereof. in other instances, the

hinder is present at a concentration. of from about 3 M94; to about l5 Wt% toga horn about

4- Wt‘l/o to ahout l2 vvt% or from about 5 wt% to about lll Wt%) by weight of the electrode

material (he, the cathode material and/or the anode material),

{lime} in some embodiments, the anode material, the cathode material, or both is doped

with Al, B, or any combination thereof.

filth“??? in other embodiments, the anode, the cathode, or both farther comprises a current

collector. in some instances, the current collector comprises one or more electrically

conductive metals or an electrically conductive polymer material. in other instances, the

current collector comprises a woven material, a non~woven material, or a combination

thereof. For example, the ctnrent collector comprises a sheet of non~woven material that

optionally comprises perthrations.

£0078} Another aspect of the present invention provides an electrochemical cell comprising

an aqueous electrolyte comprising Znfi; a cathode comprising manganese oxide; and an

anode comprising manganese oxide, wherein the 2,112+ intercalates into the cathode and tie»

intercalates from the anode when the cell discharges; and the Zn?” denintercalates from the

cathode and intercalates into the anode when the cell charges.

{@079} in some embodiments, the 2112+ is generated upon the dissolution of 22:19:04,

ZB(CH03)2, Zn(N03)2, ZntCOflllfib ZnClz, antrz, Zn(Cl04)2, or any combination thereof

in water.
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ltltlhlll in some embodiments, the cathode material comprises a manganese oxide, wherein

the manganese oxide is not substantially soluble in the electrolyte. Forexample, the cathode

material comprises manganese oxide having a chemical formula of blindly, where x is greater

than or equal to l, and y is greater than or equal to 2. in other examples, the cathode material

comprises manganese oxide having a chemical formula of Mngflyrjlllztll, MmOmrBlizO,

MmOgrfll-izfl, MHzGa, hittifllgrllgt}, or any combination thereof, And, in some

embodiments, the cathode comprises manganese oxide having a predominant crystal structure

of o2---h’.ln02, il—--lvln02, y—-—l\/in02, tin-Moth, layered, or any combination thereof,

llltlhl} in other embodiments, the anode material comprises manganese oxide, wherein the

manganese oxide is not substantially soluble in the electrolyte. in some examples, the anode

material comprises manganese oxide having a chemical tonnnla of Maxi)” where x is greater

than or equal to l, and y is greater than or equal to 2, in other examples, the anode material

comprises manganese oxide having a chemical formula of Mn307’3l‘l29, Mn70i493li20,

MmOmBlhD, Mn204, Motihgrllztl, or any combination thereof, And, in some embodiments,

the anode material comprises manganese oxide having a predominant crystal structure of

a-n-lvlntflz, tin-Moth, y-«MnOg, denOZ, layered, or any combination thereof.

{9982} in alternative embodiments, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

cathode material is greater than the oxidation state of the manganese in the anode material

when the cell has an SQC of at least about 90%. For example, the cathode material

comprises manganese oxide, and the oxidation state of the manganese in the cathode material

is about 4, when the cell has an SOC of at. least about 90%, in other examples, the anode

material comprises manganese oxide, and the oxidation state of the manganese in the anode

material is about 2, when the cell has an SOC of at least about 90%.

{W83} in some embodiments, the cathode material comprises manganese oxide, the anode

material comprises manganese oxide, and the oxidation state of the manganese in the cathode

material is approximately equal to the oxidation state of the manganese in the anode material.

when the cell has an SOC of less than about 10%. For example, the cathode material

comprises manganese oxide, the anode material comprises manganese oxide, and the

oxidation state of the manganese in the cathode material and the manganese in the anode

material is about 3 when the cell has an SQC of less than about 10%.

Etitlhdl in some embodiments, the anode material, the cathode material, or both further

comprises a carbon powder. For example, the anode material, the cathode material, or both

thither comprises about l5 wt% or less of the carbon powder by weight of the electrode

l0
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material. in some instances, the carbon powder comprises acetylene hlaclt, tinnace black,

channel black, graphite, activated carhon, graphcne, or any combination thereof.

[9985} in other embodiments, the anode material, the cathode material, or both huther

comprises an additive that stabilizes the crystal lattice strucnire of manganese oxide. in some

instances, the additive comprises TiSz, 'l‘iBz, Bigflg, or any combination thereof, in other

instances, the additive is present at a concentration of about 20 wt% or less by weight of the

electrode material,

{dildo} Another aspect of the present invention provides a method of manufacturing an

electrochemical cell comprising providing a cathode comprising a layered material; providing

an anode comprising a metal; and providing an aqueous electrolyte comprising a divalent

cation, wherein the divalent cation intercalates into the layered material when the cell

discharges; and the divalent cation de~intercalates from the cathode material and deposits

onto the anode material as a neutral metal when the cell charges.

{scan in some implementations, the divalent cation is selected from Zn”, Ca2+, Mg2+,

Fe“, or any combination thereof. For example, the divalent cation is anl,

liltiddl Some implementations titrther comprise dissolving ZnSOl, Znt‘CllOglg, anthClg)2,

ZntCQZClvlgh, ZnClz, ZnBrg, ZnCClOfiz, or any combination thereof in water to generate the

Zn}? divalent cation.

{thigh} in some implementations, the cathode comprises a layered material comprising a

metal oxide, a mixed metal oxide, a metal sulfide, a zinc metal phosphate, a zinc metal oxide,

or any combination thereof. For example, the cathode material comprises manganese oxide,

vanadium oxide, manganese vanadium oxide, 'l‘ng, WOgClz, or any comhination thereof. in

other examples, the cathode comprises a. metal oxide that undergoes a reduction in its

oxidation state of l or more during the discharge of the electrochemical cell. And, in some

instances, the cathode comprises manganese oxide having a chemical formula of Mimi)», and

x is greater than or equal to l, and y is greater than or equal to 2. in some instances, the

cathode comprises manganese vanadium oxide having a chemical formula of MnszOy,

where x is greater than or equal to l, y is greater than or equal to 2, and z is greater than or

equal to l, in other instances, the cathode comprises manganese oxide having a chemical

formula of M1102, MnsOg, Mn307a3l—l29, MnyOwSHzO, Mm09‘3H20, W294, Mintlmellglil,

or any combination thereof, And, in some embodiments, the cathode comprises manganese

oxide having a predominant crystal structure of tin-Mn02, limit/trim, YDMIEOz, dull/inflz,

layered, or any combination thereof. For example, the cathode comprises Mnsflg, and the

M11503 comprises a powder having a mean particle diameter of ahout SO am or less.

ll
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ldlfittl in some implementations, cathode further comprises carbon powder. For example,

the cathode thither comprises about 15 wt% or less of the carbon powder by weight of the

electrode material, in other examples, the carbon powder comprises acetylene black, fiancee

hlaclt, channel black, graphite, activated carbon, graphene, or any combination thereof;

lllllllll in some implementations, the cathode further comprises an additive that stabilizes

the crystal lattice structure of manganese oxide. in some instances, the additive comprises

TiSz, ’l‘iBz, Bi203, or any combination thereof. in other instances, the additive is present at a

concentration of about 26 wt% or less by weight of the electrode material,

{@692} In some implementations, the anode material comprises a metal that undergoes an

increase in its oxidation state of l or more during the discharge of the electrochemical cell.

For example, the anode comprises zinc metal or magnesium metal.

{@693} in some implementations, the divalent cation is Zn2+, and the anode comprises "zinc

metal,

ltltlfldl in some implementations, the cathode material, the anode material, or both is doped

with Al, B, or any combination thereof.

{9095} in some implementations, the anode material, the cathode material, or both tinther

comprises a binder, in some instances, the hinder comprises polyacrylonitriie, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetrailnoroethylene, polyvinylidene

diiluoride, polymethylrnethacrylate, or any combination thereof. in other instances, the

binder is present at a concentration of from about 3 Mil/h to about 15 wt% by weight of the

electrode material.

599%} Some implementations further comprise providing a cathode current collector, an

anode current collector, or both. in some instances, the cathode current collector, the anode

current collector, or both comprises one or more electrically conductive metals or an

electrically conductive polymer material. in other instances, the cathode current collector,

the anode current collector, or both comprises a woven material, a nonuwoven material, or a

combination thereof. And, in some instances, the cathode current collector, the anode current

collector, or both comprises a sheet of non—woven material that optionally comprises

perforations.

[9097} Another aspect of the present invention provides a method of manufacturing an

electrochemical cell comprising providing a cathode comprising a cathode material;

providing an anode comprising an anode material; and providing an aqueous electrolyte

comprising a divalent cation, wherein the cathode material. and the anode material are not

substantially soluble in the electrolyte, and the divalent cation intercelates into the cathode

l“)
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and the divalent cation de—intercaiates from the anode when the cell discharges; and the

divalent cation denintercalates from the cathode and interoaiates into the anode when the cell

charges

{99%} in some implementations, the electrolyte comprises a nearly neutral pli. For

example, the electrolyte has a oil from about 6 to about 8 (eg, item about 6.5 to about 7.5).

59099} in other implementations, the divalent cation is selected from Zn”: Ca“, Mg“, Fe i,

or any combination thereof. For example, the divalent cation is Zny.

591%} Some implementations further comprise dissolving ZnSO4, ZntCHOz)2, Znfiilflgh,

Zn(COZCi-i3)2, ZnC‘iZ, ZnBrg, Zn(CiO4)2, or any combination thereof in water to generate the

Zn2+ divalent cation.

midi} in other implementations, the anode material, the cathode material, or both

comprises a metal oxide, a mixed metal oxide, a metal sulfide, a layered compound, a zinc

metal phosphate, a zinc metal oxide, or any combination thereof, For example, the anode

material, the cathode material, or both comprises manganese oxide, vanadium oxide,

manganese vanadium oxide, TiSz, WGzCiz, or any combination thereof.

EllitlZE in some implementations, the cathode material comprises a metal oxide that

undergoes a reduction in its oxidation state of l or more during the discharge of the

electrochemical cell.

{@193} in other implementations, the anode material comprises a metal oxide that undergoes

an increase in its oxidation state of i or more during the discharge of the electrochemical cell,

{little} in some implementations, the cathode material, the anode material, or both

comprises manganese oxide having a chemical formula of MnXOy, and x is greater than or

equal to l, and y is greater than or equal to 2. In other implementations, the anode material,

the cathode material, or both comprises manganese vanadium oxide having a chemical

formula of Maxi/fly, where x is greater than or equal to l, and y is greater than or equal to 2,

and z is greater than or canal to l.

{91%} in alternative implementations, the cathode material, the anode material, or both

comprises manganese oxide having a chemical formula of Mn30783i120, MntyOMrtliizQ,

Mmflgfllizt), Mn204, ivimOigriizO, or any combination thereof: And, in some

embodiments, the cathode material, the anode material, or both comprises manganese oxide

having a predominant crystal structure ot‘awlvhtOg, fimMnflz, ymMnfig, omit/trim, layered, or

any combination. thereof.

{61%} in some implementations, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state oi‘the manganese in the

1’2
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cathode material is greater than the oxidation state of the manganesc in the anode material,

when the cell has an SOC of at least about 96%. For example, the cathode material

comprises manganese oxide, and the oxidation state of the manganese in the cathode material

is about 4, when the cell has an SGC of at least about 96%.

{Mill} in other implementations, the anode material comprises manganese oxide, and the

oxidation state of the manganese in the anode material is about 2, when the cell has an SOC

of at least about 90%.

{Mild} in some implementations, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

cathode material is approximately equal to the oxidation state of the manganese in the anode

material when the cell has an SOC of less than about 10%. For example, the cathode material

comprises manganese oxide and the anode material comprises manganese oxide, and the

oxidation state of the manganese in the cathode material and the anode material is about 3

when the cell has an SOC of less than about ”3%.

lilitlQ} in other implementations, the anode material, the cathode material, or both further

comprises a carbon powder. in some instances, the anode material, the cathode material, or

both further comprises ahout l5 Wt% or less of the carbon powder by weight of the electrode

material. in other instances, the earhon powder comprises acetylene black, furnace hlaclt,

channel black, graphite, activated carbon, graphene, or any combination thereof.

llllllll in some implementations, the anode material, the cathode material, or both hirther

comprises an additive that stabilizes the crystal lattice structure of manganese oxide. in some

instances, the additive comprises "l‘iSz, TiBz, Bl203, or any combination thereof, in other

instances, the additive is present at a concentration of about 20 wt% or less by weight ot‘the

electrode material.

ltlllll in other implementations, the anode material, the cathode material, or both thriller

comprises a binder. in some instances, the binder comprises polyacrylonitrile, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetratluoroethylene, polwinylidene

ditluoridc, polymethylmethacrylate, or any combination thereof, in other instances, the

hinder is present at a concentration of from about 3 wt% to about 15 wt% by weight of the

electrode material,

[9112} And, some implementations thither comprise providing a cathode current collector,

an anode current collector, or hath. in some instances, the cathode current collector, the

anode current collector, or both comprises one or more electrically conductive metals or an

electrically conductive polymer material. in some instances, the cathode current collector,

l4
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the anode current collector, or both comprises a woven. material, a nonnwoyen material, or a

conihination thereof. And, in other instances, the cathode current collector, the anode current

collector; or both comprises a sheet ot‘nonuwoven material that optionally comprises

perforations.

BRIEF DESCREFTIQN 0? THE DRAWlNGS

{tillfilfi Figures 1 and 2 graphically depict a charge profile for an exemplary electrochemical

cell of the present invention.

{filial Figures 3_5 are plots of current (Amps) vs. Potential (Volts) for several manganese

oxide test cells of the present invention.

{9115} These figures are provided by way ofexample and are not intended to limit the

scope of the invention:

DETAELED Dssemrrion

little} 'l'he present invention provides an electrochemical cell comprising an aqueous

electrolyte fonnnlated with a divalent cation that intercelates into a cathode upon discharge of

the cell.

{MW} 1. DEFENITIONS

{9118} As used herein, the term "hattery" encompasses electrical storage devices

comprising one electrochemical cell (e.g., a button celli a coin cell, or the like} or a plurality

of electrochemical cells. A "secondary battery" is rechargeable? whereas a "primary battery"

is not rechargeahle, For secondary batteries of the present invention, a battery cathode is

designated as the positive electrode during hattery discharge and the negative electrode

during battery charging. Accordingly, the anode is designated as the negative electrode

dining discharge, and as the positive electrode daring charge.

{@119} As used herein, the terms "electrochemical cell" and "cell" are used interchangeably.

{@128} As used herein, the term "metal oxide" includes compounds that include at least one

metal atom and at least one oxygen atom. lh’letal oxides‘ include "mixed metal oxides",

wherein. the metal oxide comprises at least two metal atoms of different elements and at least

one oxygen atorn.

{M21} As used herein, the term "manganese oxide" refers to any manganese compound that

includes one or more oxygen atoms in its coordination sphere Examples ofmanganese oxide

include Mat), M3102, lylnzflg, Mngan Mn(0li)g, Mnttjliln MnOfiOlilzi iv’lr1(Ol-l)3, MnOGii,

MMONah, MMOK); MntOLlhg Mn(ORh)23 MnOONa, MnOQK, MnOOLi, MnOORh,

ZnFeMnOg, (livinFe);103a NiMnOa any hydrate thereof; or any combination thereof. in other

examples, manganese oxide has the chemical formula MnxOy, wherein a is greater than or

1‘7.
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equal to 1, and y is greater than or equal to 2. Some examples of manganese oxide have the

chemical thrmnla of M1102, MngOg, Mn307~3ll20, hin70i4a3llzt), Mmflgrlillzt), Mngtl‘a,

Mm01g”H20, or any combination thereof. in other examples, the manganese oxide has a

predominant crystal structure of d-«Mnflg, Behlnflz, y—lvang, d—Mnflz, layered, or any

combination thereof. Note that 'hydrates' of manganese include hydroxides of manganese.

The term manganese oxide’ also includes any of the ahovementloned species that are doped

and/or coated with dopants and/or coatings that enhance one or more properties of the

manganese.

{9122} As used herein, ”vanadium oxide" refers to any vanadium compound having at least

one oxygen atom in its coordination sphere, ”Vanadium oxide’ includes oxides or hydroxide

of vanadium, e.g., V0, V92, V203, V205, V307, V409, V5013, V407, V509, V501}, V7013,

Vngg, or any combination thereof.

{@123} As used herein, an ”electrolyte" refers to a substance that behaves as an electrically

conductive medium. 1“or example, the electrolyte facilitates the mobilization of electrons and

cations (e.g., divalent cations) in the cell, Electrolytes include aqueous electrolytes that are

formulated with mixtures of materials such as aqueous solutions of metal salts (cg, ZnSQa,

ZH(NU3)2, Zn(COzCH3)2, ZnClg, ZflBl‘z, Zii(Cl{)4)2, or any comhination thereof). Some

electrolytes also comprise additives such as batters. For example, an electrolyte comprises a

butter comprising a horate or a phosphate,

{$124} A "cycle" or "charge cycle" refers to a consecutive charge and discharge of a cell or

a consecutive discharge and charge of a cell, either of which includes the duration between

the consecutive charge and discharge or the duration between the consecutive discharge and

charge, For example, a cell undergoes one cycle when, freshly prepared, it is discharged to

about 100% of its DOD and recharged to about 103% of its state of charge (SOC). in

another example, a freshly prepared cell undergoes 2’, cycles when the cell is: Cycle 1:

discharged to about l00% of its DOD and recharged to shout Wilt/a SOC; followed by Cycle

2: a second discharge to about littl‘l’o of its DOD and recharged to about 109% SGC.

{$125} It is noted that this process may be repeated to subject a cell to as many cycles as is

desired or practical.

ants; For convenience, the polymer name ”polyacrylonitrile" and its corresponding initials

"PA" are used interchangeably as adjectives to distinguish polymers, solutions for preparing

polymers, and polymer coatings. Use of these names and initials in no way implies the

absence of other constituents. These adjectives also encompass substituted and cow

l6
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polymerized polymers, A substituted polymer denotes one for which a suhstituent group, a

methyl group, for example, replaces a hydrogen on the polymer backbone.

{0127} For convenience, the polymer name "polyyinyl alcohol" and its corresponding

initials "PVA" are used interchangeably as adjectives to distinguish polymers, solutions for

preparing polymers, and polymer coatings, Use of these names and initials in no way implies

the absence of other constituents. 'l‘hese adjectives also encompass substituted and co

polymerized polymers.

{@128} For convenience, the polymer name "polyvinyl chloride" and its corresponding

initials "PVC" are used interchangeably as adjectives to distinguish polymers, solutions for

preparing polymers, and polymer coatings. Use of these names and initials in no way implies

the absence of other constituents. These adjectives also encompass substituted and co—

polymerized polymers.

{@129} For convenience, the polymer name “polyethylene oxide“ and its corresponding

initials ”PEG" are used interchangeably as adjectives to distinguish polymers, solutions for

preparing polymers, and polymer coatings. Use of these names and initials in no way implies

the absence of other constituents. 'l‘hese adjectives also encompass substituted and co-

polymerized polymers,

idliiill For convenience, the polymer name "polytetraflnoroethylene" and its corresponding

initials ”PTFE" are used interchangeably as adjectives to distinguish polymers, solutions for

preparing polymers, and polymer coatings. Use of these names and initials in no way implies

the absence of other constituents These adjectives also encompass substituted and co~

polymerized polymers, A substituted polymer denotes one for which a suhstituent group, a

methyl group, for example, replaces a hydrogen on the polymer backbone,

{Milli For convenience, the polymer name “polyvinylideoe diilnoride" and its

corresponding initials "PVD" are used interchangeably as adjectives to distinguish polymers,

solutions for preparing polymers, and polymer coatings. Use ofthese names and initials in

no way implies the absence of other constituents. These adjectives also encompass

substituted and eta—polymerized polymers,

[illlel For convenience, the polymer name "polyrnethylmethaerylate” and its corresponding

initials “PMMA” are used interchangeably as adjectives to distinguish polymers, solutions for

preparing polymers, and polymer coatings. Use of these names and initials in no way implies

the absence ofother constituents, These adjectives also encompass suhstituled and co»

polymerized polymers,
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[9133} As used herein, "Ah" refers to Ampere (Amp) Hour and is a scientific unit ihr the

capacity of a hattery or electrochemical cell. A derivative unit, "mAh" represents a milliamp

hour and is l/lOOO of an Ah.

{tilde} As used herein, an "anode“ is an electrode through which (positive) electric current

flows into a polarized electrical device, In a battery or galvanic cell, the anode is the negative

electrode from which electrons flow during the discharging phase in the battery. The anode

is also the electrode that undergoes chemical oxidation during the discharging phase.

However, in secondary, or rechargeable, cells, the anode is the electrode that undergoes

chemical reduction during the cell's charging phase. Anodes are fanned from electrically

conductive or semiconductlve materials, e.g,, metal oxides, metal sulfides, layered

compounds, zincumetal phosphates, zincumetal oxides, or any combination thereof,

{Mild} Anodes may have many configurations, For example, an anode may be configured

from a conductive mesh. or grid that is coated with one or more anode materials. in another

example, an anode may he a solid sheet or bar of anode material.

illllldl As used herein, a ”cathode" is an electrode from which (positive) electric current

flows out of a polarized electrical device. in a battery or galvanic cell, the cathode is the

positive electrode into which electrons flow during the discharging phase in the battery. The

cathode is also the electrode that undergoes chemical reduction during the discharging phase.

However, in secondary or rechargeable cells, the cathode is the electrode that undergoes

chemical oxidation during the cell's charging phase. Cathodes are formed from electrically

conductive or semiconductive materials, c,g., metal oxides, metal sulfides, layered

compounds, zinc~nietal phosphates, zinc»metal oxides, or any combination thereof.

{@137} Cathodes may also have many configurations. For example, a cathode may he

configured from a conductive mesh that is coated with one or more cathode materials. In

another example, a cathode may he a solid sheet or bar of cathode material.

{9138} As used herein, the term "Coulonihlc efficacy" refers to the number of Coulomhs

removed from a battery cell on discharge divided by the nnrnher of Conlernhs that are added

into the cell on charge.

[0139} As used herein, the term "electronic device" is any device that is powered by

electricity. For example, and electronic device can, include a portable computer, a portable

music player, a cellular phone, a portable video player, global positioning satellite ("GPS")

navigation devices, or any device that combines the operational features thereof,

{9149} As used herein, the term "cycle life" is the maximum number of times a secondary

battery can he cycled while retaining a capacity usetiil for the battery's intended use (an, the
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number of times a cell may he cycled until the cell’s l0€l% SOC, i.e., its actual capacity, is

less than 90% of its rated capacity (cg, less than 85% of its rated capacity, about 90% of its

rated capacity, or about 83% of its rated capacity). in some instances, 'cyclc life’ is the

number of times a secondary battery or cell can he cycled until the cell’s l00% SOC is at least

about 6% percent of its rated capacity (cg, at least about 70 percent of its rated capacity, at

least ahout 80 percent of its rated capacity, at least 90 percent of its rated capacity, at least 95

percent of its rated capacity, about 90% of its rated capacity, or about 80% of its rated

capacity).

{till-ii} As used herein, the symbol "M" denotes molar concentration.

{£5142} As used herein, the term “oxide” applied to secondary batteries and secondary

battery electrodes encompasses corresponding "hydroxide" species, which are typically

present, at least under some conditions,

{$143} As used herein, the term, ”powder" refers to a dry, bulk solid composed of a

plurality ot‘llne particles that may flow freely when shaken or tilted,

{tilde} As used herein, the term, "mean diameter“ or "mean particle diameter" refers to the

diameter of a sphere that has the same volume/surface area ratio as a particle of interest,

{0145} As used herein, the terms "substantially stable" or ”substantially inert" refer to a

conipctnid or component that remains substantially chemically unchanged in the presence of

an aqueous electrolyte (cg, aqueous divalent cations),

{@146} As used herein, "charge profile" refers to a graph of an electrochemical cell‘s voltage

or capacity with time. A charge profile can be superimposed on other graphs such as those

including data points such as charge cycles or the like.

{0147’} As used herein, ”resistivity" or "impedance" refers to the internal resistance of a

cathode in an electrochemical cell. This property is typically expressed in units of Qhrns or

micro~0hms

E0143} As used herein, the terms "first" and/or "second" do not refer to order or denote

relative positions in space or time, but these terms are used to distinguish between two

different elements or components, For example, a first component does not necessarily

proceed at second component in time or space; however, the first component is not the second

component and vice versa, Although it is possible for a first component to precede a second

component in space or time, it is equally possible that a second component precedes a first

component in space or time.

{0149} As used herein, the term ”nanometer" and "nm" are used interchangeably and refer

to a unit of measure equaling l><lt)'9 meters.
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{infill} As used herein, the terms "analcgcns eathcdc” refer to a cathode of a pair cf

cathodes wherein the cathcdes cf the pair are suhstantiaily identical tn each other (cg, use

substantially the same arncunt cf cathede materials (cg, manganese, hinder, dcpants,

ccatings, er any ccrnhinatinn thereet‘); and/er using substantially the same methods of

manufacturing) whose meat significant difference is that one cathode of the pair is

substantially free cf stabilizing agent.

ElllSll As used herein, the terms "battery capacity" er "capacity" refer tn the mathematical

product cf a battery's discharge current and the time (in heurs) during which the current is

discharged.

{9152} As used herein, the terms "aggregate capacity" or "aggregate battery capacity" refers

tn the sum of a battery‘s capacities, i.e., the sum cf the individual products ct" discharge

current and the time during which the current is discharged after being discharged to about

166 percent depth cf discharge (e.g., rncre than 97.5 % depth of discharge, er mere than 99 %

depth cf discharge) ever a course cf enc or more charge cycles.

{lllfiill As used herein, "depth ct" discharge" and. "DGD" are used interchangeably in refer to

the measure of hcw much energy has been withdrawn t‘rcrn a battery or cell, Often expressed

as a percentage cf capacity, e.g., rated capacity. For example, a lilil Ah battery frcm which

30 Ah has been withdrawn has undergcne a 36% depth of discharge (DOD).

{$154} As used herein, "state cf charge“ and “SOC" and used interchangeably to refer tn the

available capacity remaining in a battery, expressed as a percentage of the cell at battery’s

rated capacity.

{0155} The term ”divalent cation" refers tn an inn that lacks twc electrens when compared

tc its neutral counterpart Examples ct divalent cations include anl, Ca2+, Mg”, Fe)": or any

ccmhinaticn thereof,

[9156; The term ”interealate" refers to a reversible insertion cf a chemical species (cg, a

cempcund er ion (e.g., caticn er anion» between twc other molecules,

{0157} The term "de—intercalate" refers tn the expulsicn of a chemical species from its

locaticn between two ether melecnles,

{[9153} The term "layered material" refers to a material that possesses permanent er

transient pcrcsity within its crystalline er semiwcrystailine structure, Examples of layered

materials include seine terms of metal cxides (cg, manganese oxide er vanadium oxide) er

metal sulfides (cg, Tng).
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{@159} ill BLECTRQCI—illl‘vllCAL CELLS

Elliott} Electrochemical cells of the present invention comprise a cathode? an anode, and an

aqueous electrolyte that comprises a (trivalent cation, wherein the divalent cation intercalates

into the cathode when the cell is discharged.)

filial} While not being limited by theory, it is theorized that the electrochemical cells of the

present invention. employ a divalent cation internalation mechanism, where divalent cations

intercalate into the cathode from the aqueous electrolyte and the anotie when the cell

discharges. During cell charging or recharging, the process is reversed and the cations

deposit on the anode in as neutral species. Thus, the cathode material and the anode material.

reversibly, and. with little or no physical change in their matrix structures, alternate between

(litterent oxidation states While divalent cations reversihly insert (intercalate) or deposit into

the cathode or onto the anode.

{EH62} At Cathodes

{illofilE Cathodes that are nsethl in electrochemical cells of the present invention are

substantially insoluble in the electrolyte and are intercalatahle with respect to cations in an

aqueous environment.

{also in some embodiments, the cathode comprises a layered material that comprises a

metal oxide, mixed metal oxide, a metal sulfide, a zinc metal phosphate, a sine metal oxide,

or any combination thereof. For example, the layered materiel comprises manganese oxide?

vanadium oxide, manganese vanadium oxide, Tng, WOQCig, or any combination thereof. in

some examples, the layered material comprises a manganese oxide, wherein the manganese

undergoes a reduction in its oxidation state of l or more when the cell is discharged. in other

examples, the layered material comprises a manganese oxide, wherein the manganese

undergoes an increase in its oxidation state of l or more when the cell is charged.

{@165} in some embodiments, the cathode comprises manganese oxide having a chemical

tonnnla of Mnny, where x is greater than or equal to la anti y is greater than or canal to 2.

[6166} in some embodiments, the layered material. comprises manganese oxide having a

chemical formula of lvlnflg, Mngflg, Mngflyalllng MnyOMrEHZU, Mman’ille Mr1204,

Mmggg‘i'izg, or any combination thereof. in other embodiments, the cathode comprises

manganese oxide having a predominant crystal structure of awhiiiflg, B—lvang, ymMnOZ,

analog, layered, or any combination thereon

{lilti’il in some embodimentsi the layered material comprises vanadium oxide having a

chemical formula of V0, V029 V203, V7205, '3979 V409, V6013, V407, 75999 V5011, V7913,

V3015, or any combination thereof.
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ill 168} in some embodiments, the layered material comprises a combination ofmanganese

and vanadium oxide (egg, manganese vanadium oxide), For instance, the layered material

comprises a, material having a chemical formula ofMnszOy, wherein z is l or more, and x

and y are as defined above.

{blah} in other embodiments, the layered material is doped with Al, B, or any combination

thereof. For example, the layered material comprises a manganese oxide or manganese

vanadium oxide that is doped with Al, B, or any combination thereof. in some instances, the

layered material comprises manganese oxide, and the manganese oxide is doped with Al, 33,

or any combination thereof. in another example, the cathode comprises manganese vanadium

oxide that is doped with Al, 3, or any combination thereof.

[9179} in some embodiments, the layered material of the cathode comprises a bull: material.

in other embodiments, the layered material of the cathode comprises a powder. For example,

the layered material comprises MnSOg that comprises a power having a mean particle

diameter of about 5t) um or less (eg, about it) run or less, about 5 pm or less, about i am or

less, about 0.5 pm or less, or ill pm or less).

{@171} Cathodes of the present invention. may optionally comprise additives such as

dopants, coatings (cg, a hydrophobic coatings {c.g., a polymer coating», conductivity

enhancers, stabilizers, binders, or any combination thereof.

{9172} 1. Conductivinz Enhancers

[9173} in one embodiment, the cathode comprises a conductivity enhancer that improves

the electrical conductivity of the layered material. in some examples, the cathode tinther

comprises a carbon powder. For instance, cathode comprises about 20 wt% or less (e.g.,

about l5 wt% or less, about l0 nth?» or less, about 5 will/i or less, or about 1 Wt% or less} of

the carbon powder by weight of the cathode, in other examples, the carbon powder

comprises acetylene black, finnace black, channel black, graphite, activated carbon,

graphene, or any combination thereof.

{9174} 2. Stabilizers

{9175} in another embodiment, the cathode further comprises a stabilizer that stabilizes the

crystal lattice structure of the layered material. For example, the stabilizer stabilizes the

crystal structure of manganese oxide. In some instances, the stabilizer comprises liSz, Tilfiz,

Blz‘Qg, or any combination thereof. in other instances, the cathode comprises about 28 wt%

or less (eg, about l5 will/i» or less, about it) will: or less, about 5 Wt% or less, or about i wt%

or less} of stabilizer by weight of the cathode,
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llll’lo} 3, Binders

{M77} in some embodiments, the cathode further comprises a binder. For example, the

cathode comprises a binder comprising polyacrylonitrlle, polyvinyl alcohol, polyvinyl

chloride, polyethylene oxide, polytetratluoroethylene, polyvinylidene ditluorlde,

polymethylrnethacrylate, or any combination thereof, In other examples, the cathode

comprises from about l wt% to about 20 wt% of binder (cg, from about 3 tot/t to about

l5 wet/ii) by weight of the cathode.

{@173} 4. Current Collectors and Supports

{@179} Cathodes of the present invention can optionally include additional structures or

supports such as current collectors. in some embodiments, the cathode comprises a current

collecton in some instances, the current collector comprises one or more electrically

conductive metals (cg, 'l‘i, Cu, Fe, or a combination thereot) or an electrically conductive

polymer material (e.g.,, poly/acetylene, polyphonylene vinylene, polypyrrole, polythiophene,

polyanilinc, polyphonylene sulfide, or any combination thereof). in other instances, the

current collector comprises a woven material, a non~woven material (cg, a screen, grid, or

fabric material), or a combination thereof: And, in some instances, the current collector

comprises a sheet ofnonnwoven material that optionally comprises perforations“

ltllfilll B. Electrolytes

Elllhll Electrolytes useful in electrochemical cells of the present invention readily dissolve

some metal salts to generate divalent cations in solution (cg, an aqueous solution)”

[@1th in some embodiments, the electrolyte is substantially free of alkaline earth metal

hydroxides (eggs NaGH, KOH, or the like), in these embodiments, the electrolyte comprises

less than 0.l wt% of an alkaline earth metal hydroxide by weight of electrolyte.

{3183} in some embodiments, the electrolyte comprises a divalent cation (cg, a divalent

metal cation). in some examples, the divalent cation is selected from 2112+, Ca2+, Mg”, Fey,

or any combination thereof. For instance, the divalent cation is 2312+. in some electrolytes,

the 2112+ divalent cation is generated. upon the dissolution of 2111304, Zit(CHOg)z, ZntNQfig,

Zn(C02Cl-l3)2, ZnClz, ZfiBl‘g, Zn(Cl04)2, or any combination thereof in water. in some

embodiments, the electrolyte further comprises the salt counter ion to 2112+.

{0184} in some embodiments, the electrolyte comprises a nearly neutral pH, For example,

the electrolyte has a pH from about 6 to about 8 (egt, from about 6.5 to about 7.5 or from

about 6.7 to about 7.3).

{MES} in some embodiments, the aqueous electrolyte has a pill that is slightly acidic. For

example, the electrolyte has a oil of from about 3 to about 6.,
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[9186} in some embodiments, the electrolyte comprises one or more metal salts leg, zinc

metal salts) with a concentration below saturation. For example, the concentration. of the

metal salt may be between about 1 mole per kilogram of solution and 2 moles per kilogram of

solution.

{@187} Electrolytes of the present invention may optionally contain additives such as

buffers, surfactants, polymers, or the like.

lhlfihl C. Exemplary Electrochemical Cell No. l.

{Slim One aspect of the present invention provides an electrochemical cell comprising an

aqueous electrolyte comprising a divalent cation; a cathode comprising a layered material;

and an anode comprising a metal, wherein the divalent cation intercalates into the layered

material when the cell discharges; and the divalent cation dewintercalates from the. cathode

material and deposits onto the anode as a neutral metal when the cell charges.

{919%} ,1. Cathodes

[lillll

{$1392

{@193 Electrolytes useful in exemplasy electrochemical cell no. l are as described shove.

{fifths 3. Anodes

{@195} Anodes useful in exemplary electrochemical cell no. i comprise a metal. in some

Cathodes useful in exemplary electrochemical cell no. 1 are as descrlhetl above.l

l 2. Electrolytes

l

l

embodiments, the anode comprises zinc, magnesium, or a combination thereof. For example,

the anode comprises zinc,

{91%} in some embodiments, the metal comprises a hull: material. in other embodiments,

the metal comprises a powder. For example, the anode comprises zinc powder having a

mean particle diameter of about 50 am or less (cg, about til am or less, about 5 urn or less,

about l. pm or less, about 0.5 um or less, or ill am or less).

[91973 in other emhooiments, the anode comprises a metal, and a portion of the metal

transforms into a (livalent cation when the cell is tilsoharged.

£6198} in some embodiments, the anode metal is a neutral form of the divalent cation. For

example, the anode comprises zinc metal, and the divalent cation is Zn l in other

embodiments, the anode metal is exclusive of the neutral form of the divalent cation. For

example, the anode comprises zinc metal, and the tiivalent cation is logy.

{ill 9%} Anodes useful in this exemplary cell may optionally comprise a hinder, For

example, the anode lutther comprises a hinder, and the binder comprises polyacryionitrile,

polyvinyl alcohol, polyvinyl chloride, polyethylene oxide, polytetrailuoroethylene,

polyvinylitlene ditluorltle, polymethylmethacrylate, or any combination thereof. in other
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examples? the anode comprises horn about i wit/E» to about 20 nth/e (cg, from about 3 Wills; to

about 15 wt%) of binder by weight of the anode,

{0209} in some embodiments, the anode comprises a current collector. Current collectors

that are useful for combination with these anodes are as described above.

{Mill} One exemplary electrochemical cell of the present invention comprises an aqueous

electrolyte comprising a divalent cation comprising an'l} Mg“, or a combination» thereof; a

cathode comprising manganese oxide; and an anode comprising zinc metal, magnesium

metal, or a combination thereof, wherein the aqueous electrolyte has a nearly neutral pH, the

divalent cation intercalates into the cathode when the cell discharges; and the divalent cation

deposits onto the anode as a neutral metal when the cell charges

{8202} i). Exemplary Electrochemical Cell No. 2.

{$203} Another aspect of the present invention provides an electrochemical cell comprising

an aqueous electrolyte comprising a divalent cation; a cathode comprising a cathode material;

and an anode comprising an anode material, wherein the divalent cation intercalates into the

cathode material and de-intercalates from the anode material upon discharge of the

electrochemical cell; and the divalent cation deuintercalates from the cathode material and

intercalates into the anode material when the cell is charged or recharged

E9294} 1. Electrolytes

E9295} Electrolytes useful in exemplary electrochemical cell not 2 are as described shove.

{@296} 2. Electrodes (America and Cothoa’ea)

[6207} Electrodes useful in these exemplary electrochemical cells are not substantially

soluble in the aqueous electrolyte. Furthermore, these electrodes are susceptible to reversible

intercalation by a divalent cation in an aqueous environment.

{9298} in some embodiments, the anode material, the cathode material: or both comprises a

layered material. For example, the anode materiale the cathode materialB or both comprises

metal oxide? a mixed metal oxide, a metal sulfide, a zinc metal phosphate, a zinc metal oxide,

or any combination thereof. In some instances, the anode materialg the cathode material, or

both comprises manganese oxide, vanadium oxidefi manganese vanadium oxide} Tng,

W02Cl2, or any combination thereof? in other examples, the cathode material comprises a

metal oxide that undergoes a reduction in its oxidation state of l or more during the discharge

of the electrochemical cell, And, in some examples, the anode material comprises a metal

oxide that undergoes an increase in its oxidation state oil or more during the discharge of the

electrochemical cell.
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lllztllll in some embodiments, the cathode material eomprises a manganese oxide, wherein

the manganese oxide is not substantially soluhle in the electrolyte. For example? the cathode

material comprises manganese oxide having a chemical thmiula of Motility, where x is greater

than or equal to l, and y is greater than or equal to 2. in other examples, the cathode material

eomprises manganese oxide having a chemical formula of Mom, MnSOgS hhigGyrlll-hQ

Mn7014°3ll263 Mmflgfillzfli Mngtfla, Mm013°ll309 or any combination thereof, And, in

some embodiments, the cathode material comprises manganese oxide having a predominant

crystal structure of awh/lnflzg li—Mnflz, y—Mnflzi o—MnOzi laymedg or any eomhination

thereof.

llllell in some embodiments, the cathode material comprises manganese vanadium oxide

having a chemical formula of MnxVZOy, where x is greater than or equal to l, and y is greater

than or equal to 2, and z is greater than or equal to l.

llllel in some embodiments, the anode material eomprises a manganese oxide, wherein

the manganese oxide is not substantially soluhle in the electrolyte» For example? the anode

material eomprises manganese oxide having a chemical formula of MnxOW Where X is greater

than or equal to l, and y is greater than or equal to 2. in some embodiments, the anode

material comprises manganese vanadium oxide having a chemical formula of h’lnxVZOy,

where x is greater than or equal to l, and y is greater than or equal to 2, and z is greater than

or equal to lo in other examples, the anode material comprises manganese oxide having a

chemical formula of lvlnilgi MngGg, MngOyrSHZO, Mn7014r3ll20, MmngBlle, M11204,

lVlllang“HQO, or any eombination thereof. And in some embodiments, the anode material

eomprises manganese oxide having a predominant crystal structure of a—Mnflg, thnOg,

y—lvanz, d—Mnflz, layered, or any combination thereof.

{Mill in other emhodiments, the cathode material comprises manganese oxide? the anode

material comprises manganese oxide, and the oxidation state of the manganese in the eathode

material is greater than the oxidation state of the manganese in the anode material when the

cell has an SOC of at least about 90% tog, at least about 595% or at least about 99%). For

example, the cathode material comprises manganese oxide, and the oxidation state of the

manganese in the cathode material is about 4, when the cell has an SOC of at least about 99%

{egg at: least about 95% or at least about 99%). in other examplesa the anode material

comprises manganese oxide, and the oxidation state of the manganese in the anode material is

about 2, when the cell has an SOC of at least about 90% (eg, at least about 95% or at least

about 99%).
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{@213} in some embodiments, the cathode material comprises manganese oxide, the anode

material comprises manganese oxide, and the oxidation state of the manganese in the cathode

material is approximately equal to the oxidation state of the manganese in the anode material

when the cell has an 30C of less than about 10% (cg, less than about 7.5%, less than about

5%, or less than about 7.5%). For example, the cathode material comprises manganese oxide

and the anode material comprises manganese oxide, and the oxidation state of the manganese

in the cathode material and the manganese in the anode material is about 3 when the cell has

an 80C of less than about lilo/t» (cg, less than about 7.5%, less than about 5%, or less than

about 7.5%).

lint-ti Electrodes (cg, cathodes and/or anodes) useful in this exemplary electrochemical

cell may optionally comprise additives such as stufhctants, binders, stabilizers, conductivity

enhancers leg, carbon powder), or other optional additives, For example, the anode

material, the cathode material, or both further comprises a carbon powder. For example, the

anode material, the cathode material, or both thither comprises about 15 wt% or less (an,

about 12; wt% or less, about 10 wt% or less, or about 5 wt% or less) of the carbon powder by

weight of the electrode material. in some instances, the carbon powder comprises acetylene

black, furnace black, chamrel black, graphite, activated carbon, graphene, or any combination

thereof.

{$215} in alternative embodiments, the anode material, the cathode material, or both finthei

comprises an additive that stabilizes the crystal lattice structure of manganese oxide. in some

examples, the additive comprises Tng, TiBz, Bi203, or any combination thereof. in other

examples, the additive is present at a concentration of about 260 wt% or less (e.g., about

15 wt% or less, about 15 wt% or less, or about it) wt% or less) by weight of the electrode

material.

{(9216} And, in some embodiments, the anode material, the cathode material, or both farther

comprises a binder. in some instances, the binder comprises polyacrylonitrile, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetratluoroethylene, polyvinylidene

ditluoride, polymethylmethacrylate, or any combination thereof. in other instances, the

binder is present at a concentration of from about 3 wt% to about l5 wt% (on, from about

4 will/o to about 12 wt% or born about 5 Wt% to about l0 wt%) by weight ofthe electrode

material (i.e., the cathode material and/or the anode material).

{021?} in other embodiments, the anode, the cathode, or both further comprises a current

collector. in some instances, the current collector comprises one or more electrically

conductive metals (cg, Ti, Cu, Fe, or a combination thereof) or an electrically conductive
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polymer material (cg, polyacetylene, polyphonylene vinylene, poiypyrroie, polythiophene,

pols/aniline, polyphonylene sulfide, or any combination thereof). in other instances, the

current collector comprises a woven material, a nonwoven material, or a combination

thereof. For exampie, the current collector comprises a sheet or film of nonwwoven material

that optionally comprises perforations.

{92185 in some embodiments, the anode material, the cathode material, or both are doped

with Al, B, or any combination thereof.

{(9219} Another aspect of the present invention provides an cleetrochemicai cell comprising

an aqueous electrolyte comprieing Zn2+; a cathode comprising manganeae oxide; and an

anode comprising manganese oxide, wherein the Zn2+ intercalates into the cathode and tie

intercalates from the anode upon diacharge ol‘the electrochemical cell; and the Zn}? den

intercalates into the cathode and intercelates into the anode when the cell is charged.

lttZZti} lit. METHODS OF hLaNUFACTURiNG AN ELECTROCHEMlCAL CELL

{0221} A. Methods of Manufacturing Exemplary Electrochemical Ccli No. i.

{0222} Another aspect of the present invention provides a method ofmanufacturing an

electrochemical cell comprising providing a cathode comprising a layered material; providing

an anode comprising a metal; and providing an aqueous electrolyte comprising a divalent

cation, wherein the divaient cation intercalates into the layered materiai when the cell

diacharges; and the divalent cation dedntercaiates from the cathode material and depoeits

onto the anode materiai as a neutral metal when the cell charges.

£63223} in some implementations, the divalent cation is selected from Zn”, Ca2+, Mgz‘l',

Fez: or any combination thereof.

{922% in some implementations, the divalent cation is an‘é‘.

@225} Some implementations further comprise dissolving ZnSQi, ZntCHUfiz, ZntNUm,

ZQ(C()2CH3)3, ZHCig, ZnBrz, Zn{€l()4)g, or any combination thereof in water to generate the

Zn2+ divalent cation.

{02265 in some implementations, the electrolyte comprises a nearly neutral pi-i. For

enampie, the eiectroiyte hat; a pH from about 6 to about 8 (cg, from about 6.5 to about 7.5).

{£3227} to some implementatione, the cathode material comprises a layered material

comprising a metal oxide, a mixed metai oxide, a metal sulfide, a zinc metal phosphate, a

zinc metai oxide, or any eonihination thereofi

{@228} In some impiementations, the cathode material comprises manganese oxide,

vanadium oxide, manganese vanadium oxide, T7182, WOZCig, or any combination thereof.
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{9229} in some implementations, the cathode material comprises a metal oxide that

undergoes a reduction in its oxidation state of l or more during the discharge ofthe

electrochemical cell.

{@239} In some implementations, the cathode comprises manganese oxide having a

chemical formula of lvlnxOy, and a: is greater than or equal to l, and y is greater than or equal

to 2.,

{0231} in some implementationa, the cathode comprises manganese vanadium oxide having

a chemical fonnula of lvlnx‘VzOy, Where x is greater than or equal to l, and y is greater than or

equal to 2, and z is greater than or equal to l.

{@232} in some implementations, the cathode comprises manganese oxide having a

chemical torrnnla ot‘hllntitg, lvlngOg, Mll3()7°3lflzg, lVll’l7Q}4’3HgQ, MmeBlhO, anth,

blimflmrllztl, or any combination thereof. And, in some implementations, the cathode

comprises manganese oxide having a predominant crystal structure of tin-Moth, earring,

t'ml‘vlntllz, bmh'lnfiz, layered, or any combination thereof.

{0233} In some implementations, the cathode comprises lvlnsOg, and the W503 comprises a

powder having a mean particle diameter of about 50 an“; or lose (e.g,, about l0 not or less,

about 5 am or less, about 1 am or less, about (15 am or less, or (3.1 nm or less).

{@234} in some implementations, the cathode is doped with Al, B, or any combination

thereof.

{0235} la some implementations, the cathode further comprises carbon powder.

lease} in some implementations, the cathode thrther compriaes about 15 Wt% or less of the

carbon powder by weight of the electrode material.

{$237} in some implementations, the carbon powder comprises acetylene black, furnace

black, channel black, graphite, activated carbon, graphene, or any combination thereof.

{0233} in some implementations, the cathode further comprises. a stabilizer that stabilizes

the crystal lattice Structure of manganese oxide.

{@239} in some implementations, the additive comprises TiSz, TiBz, BigOg, or any

combination thereof.

{mail} In some implementationa, the additive is present at a concentration of about 2% wt%

or less (cg, about 15 wt% or less, about l0 wt% or less, about 5 Wt% or less, or about 1 wt%

or less) of stabilizer by weight of the cathode.

{@241} in some implementations, the anode material comprises a metal that nodergoee an

increase in its. oxidation state of l or more during the discharge of the electrochemical cell.

{9242} in some implementations, the anode comprises zinc metal or inagnesimn metal.
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{@243} in some implementations, the divalent cation is Zn2+, and the anode comprises zinc

rnetai.

{$244} in some implementations, the divalent cation is Mgz'é', and the anode comprises

magnesiinn metal.

{@245} in some implementations, the anode, the cathode, or both further comprises a binder.

{@246} in some implementations, the binder comprises polyacryionitriiet polyvinyi alcohoi,

poiyvinyl chloridea polyethylene oxide, polstetrailuoroethylene, polyvinylidene diilnoride,

polyrnethyinit-:thacryiatea or any combination thereof,

E9247} in some implementations, the binder is present at a concentration of from about

i wit/{i to shout 29 wt% of hinder {eggs from about 3 mtg/£2 to about 15 wt%) by weight of the

electrode.

{$248} Some implementations further comprise providing a cathode ctnrent collector, an

anode current coiiector, or both.

£9249} in some embodiments, the cathode current collector, the anode current collector, or

both comprises one or more electrically conductive metals or an clectricaliy conductive

polymer material? as described above”

@9256} in some embodiments, the cathode current collector, the anode current collector, or

hoth comprises a woven material, a non—woven material, or a combination thereof;

{9251} in some embodiments, the cathode current collector, the anode current collector, or

both comprises a sheet of nonvwoven material that optionally comprises perforations

£9252} B.

{(5253} Another aspect of the present invention provides a method of manufacturing an

Methods ofManufacturin Exem larv Electrochemical Cell No. 2.   

electrochemical cell comprising providing a cathode comprising a cathode material;

providing an anode comprising an anode material; and providing an aqueous electrolyte

comprising a divalent cation, wherein the cathode material and the anode materiai are not

substantially soluble in the electrolyte; the divalent cation intercaiates into the cathode and

de—intercalates from the anode when the cell discharges; and the divalent cation de—

intercaiates from the cathode and intercalates into the anode when the cell. charges.

{0254} in some implementations, the divalent cation is selected from Eng: Ca +3 Mgfi,

Fe2+, or any combination thereof. For example, the divalent cation is an'l’.

{(3255} Some implementations further comprise dissolving 2311304, Zn(CH02)2, Zn(N03)2,

ZntCfigCiigh, ZnClz, ZnBrg, Zn{€l04)2, or any combination thereof in water to generate the
.- "+ . .,
rin‘ divaient canon
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{dildo} in other implementations, the anode material, the cathode material, or both

comprises a metal oxide, a mixed metal oxide, a metal sulfide, a zinc metal phosphate, a zinc

metal oxide, or any combination thereof. For example, the anode material, the cathode

material, or both comprises manganese oxide, vanadium oxide, manganese vanadium oxide,

Tng, Vii/702012, or any combination thereof.

{@257} in some implementations, the cathode material comprises a metal oxide that

undergoes a reduction in its oxidation state of l or more during the discharge of the

electrochemical cell,

{9258} in other implementations, the anode material comprises a metal oxide that undergoes

an increase in its oxidation state of l or more during the discharge of the electrochemical. cell,

{$259} in some implementations, the cathode material, the anode material, or both

comprises manganese oxide having a chemical formula of Mnxfly, and x is greater than or

equal to l, and y is greater than or equal to 2., in some implementations, the layered material

comprises manganese vanadium oxide having a chemical formula oanxV-zfly, where x is

greater than or equal to l, and. y is greater than or equal to 2, and z is greater than or equal to

l.

titled} in alternative implementations, the cathode material, the anode material, or both

comprises manganese oxide having a chemical formula oi‘MmOyeBl-lgt), Mll7014“3lfl20,

Mm09°3ll20, M11204, MnnOgg°H20, or any combination thereof. And, in some

implementations, the anode material, the cathode material, or both comprises manganese

oxide having a predominant crystal stmcture of tX—lvll’lflz, li—h/infig, v—MnQ-g, d—lvlnflz,

layered, or any comhination thereof,

Eilznll in some implementations, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

cathode material is greater than the oxidation state of the manganese in the anode material

when the cell has an SOC of at least about 90%. For example, the cathode material

comprises manganese oxide, and the oxidation state of the manganese in the cathode material

is about 4, when the cell has an SQC of at least about 99%., in other implementations, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

anode material is about 2, when the cell has an SOC of at least about 96%..

£8262} in some implementations, the cathode material comprises manganese oxide, the

anode material comprises manganese oxide, and the oxidation state of the manganese in the

cathode material is approximately equal to the oxidation state of the manganese in the anode

material when the cell has an SOC of less than about ton. For example, the cathode material
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comprises manganese oxide, the anode material comprises manganese oxide, and the

oxidation state of the manganese in the cathode material and the anode material is about 3

when the cell has an SOC of less than about l0%.

{3263} in other implementations, the anode material, the cathode material, or both further

comprises a carhon powder, in some instances, the anode material, the cathode material, or

both fttrther comprises ahont l5 wt% or less of the carbon powder by weight ofthe electrode

material. in other instances, the carbon powder comprises acetylene black, furnace black,

channel black, graphite, activated carbon, graphene, or any combination thereof,

{9264} in some implementations, the anode material, the cathode material, or hoth thrther

comprises an additive that stabilizes the crystal lattice structure of manganese oxide, in some

instances, the additive comprises "l“iSz, 'l'iBz, Blzflg, or any combination thereof, in other

instances, the additive is present at a concentration of about 20 wt% or less by weight of the

electrode material.

{@265} In some implementations, the anode material, the cathode material, or both is doped

with Al, B, or any combination thereof.

{tiled} In other implementations, the anode material, the cathode material, or both further

comprises a binder. in some instances, the binder comprises polyacrylonitrilc, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetrallnoroethylene, polyvinylidene

diflaoride, polyntethyhnethactylate, or any combination thereof, in other instances, the

binder is present at a concentration of from about 3 wt% to about 15 wt% by weight of the

electrode material.

ltlzo’fi Arid, some implementations flirther comprise providing a cathode current collector,

an anode current collector, or both. in some instances, the cathode current collector, the

anode current collector, or both comprises one or more electrically conductive metals or an.

electrically conductive polymer material. in some instances, the cathode current collector,

the anode current collector, or both comprises a woven material, a nonmwoven material, or a

combination thereof, And, in other instances, the cathode current collector, the anode current

collector, or both comprises a sheet of nonwoven material that optionally comprises

perforations.

[9268} ll]. EXAMPLES

{9269} Referring to Figures l6, test cells were prepared and cycled as described below.

The manganese oxide test cells were effectively charged and discharged over ltltlll times with

high Conlornhic efficiency and with little loss in ampere-hour cell capacity,
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infill} 'l‘he ~thl cm2 test cells included an anode formed front zinc metal. The ~3” x 6"

zinc anodes were generally prepared hy electrochemically plating zinc metal on thin Ti sheets

using aqueous solutions of ZnCl; and Nthl.

lilZ’lll 'l‘lic cathodes of the test cell were formed from manganese oxide and carbon black

(Black Pearls 2960, commercially available from the Cabot Corp). The cathode of test cell i

was formed with Mat); and carbon hlaclt; the cathode of test cell 2 was formed with lvlnSOg

and carbon black; the cathode of test cell 3 was fonned with Magi); and carbon black; the

cathode of test cell 4 was formed with carbon black; and the cathode of test cell 5 was formed

with MflgOa and carhon black. Catliodes were typically fabricated by blending 30%

manganese oxide (ea, MnQ, M11203, Martin, or Mngflg), 5G% Black Pearls 2880 carbon

black (a high surface area carbon black), and 20% lYl‘FE (as a binder) and pressing this

mixture onto a titanium metal screen current collector. Test cell 4 included 80% Black hearls

2660 and 20% PTFE, 'l‘he manganese oxide was prepared using standard procedures. For

example, lVll’l50g, was prepared by mixing an aqueous solution ol‘rnanganese nitrate (l 6.7g in

150ml of H20) and an aqueous solution ofNaflll {4.8g NaGll in St} ml of H20) and adding

this to an aqueous solution of cetyl~trirnethylannnoniurn bromide (67g in. lSG ml of H20).

The resulting mixture was heated to 75 °C and stirred for l hr. The obtained gel was

transferred to an oven and heated for 12 ll at 75 °C. The solid reside was filtered, washed

with di watch and calcined at 500 °C for 6 hours.

{9272} The electrolyte used in the test cells was generally fonnulated as an aqueous solution

of 20% Nthl, 10% ZnClzfi and 5% Mill

{0273} Figure l shows room temperature, galvanostatic voltage~tirue profiles for the 926th,

927th, and 928th cycles of a hill crn2 Ems) [’MngOgtfs) test celli i.e.,, test cell 2. The constant

current load (shown as square waves with their axis on the left side of this figure) was 0.11%

during both cell discharge and cell charge. Cell voltage profiles (with their axis shown on the

right side of this figure) ranged from liSSV down to a cutoff ot‘OBV during the 0.6 hour

discharge and charge. Since a cell discharge rate ofnC corresponds to a full cell discharge in

l/n hoursg this cell discharge/charge rate corresponds to 1.660 At the illustrated 926th cycle,

this cell delivered lGdrnAh/g lit/instills at a current density of ZOSmA/g Mnsflg. As shown

below in Figure 2, cell capacities for this cell, i.e., test cell 2, remained substantially

unchanged for ~l200 cycles.

{@274} Figure 2 above shows Coulornhic efficiencies (upper curve} and energy efficiencies

(lower curve) tor test cell :2 as a function of cycle number for the first l200 discharge charge

cycles. Coulomhic efficiencies approached WOO/t) while energy efficiencies, which initially
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were ~8€3%, slowly rose to >96%. Electroehemieai activity of this cell demenstrates the

adequate charge discharge cyclic performance of this zine aqueous reversible system.

GTHER EMBGDIMENTS

{£3275} All publications and patents referred to in this diseiesnre are incorporated herein by

reference te the same extent as if each individual publication or patent eppiieaticn were

specifically and individually indicated to he ineorperated by reference, Should the meaning

of the terms in any of the patents er publications incorporated by reference conflict with the

meaning of the terms used in this disclosure, the meaning (if the terms in this disclosure we

intended to he eentroliingn Futtheirhore, the foregoing discussion discloses and deecrihes

merely example embodiments ef the present inventieh. Dne- skilled in the art will readily

reeegnize item seeh discussion and from the accompanying drawings and claims, that

various changes, modifications and variations can be made therein without departing from the

spirit and scope of the invention as defined in the following claims.
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WHAT l3 CLAIMED lS:

l. An electrochemical cell comprising:

an aqueous: electrolyte comprising a divalent cation;

a cathode comprising a layered material; and

an anode comprising a metall

wherein the divalent cation intercalatee into the layered material when the cell

discharges; and the divalent cation ale-intercalates from the cathode material and deposits

onto the anode material as a neutral metal when the cell charges.

2. The electrochemical cell of claim l, wherein the divalent cation is selected from Sing:

Ca“, Mg”, Fe2+, or any combination thereof.

3., The electrochemical cell of either of claims 1 or 2, wherein the divalent cation is Zn”.

4. The electrochemical cell of claim 3, wherein the aqueous electrolyte finther comprises

$042", CHO} N03”, C(lgCl-lg', Cl', Br", tilting”, or any combination thereof.

5. The electrochemical cell of any one of claims 14, wherein the electrolyte has a oil

that is approximately neutral.

or The electrochemical cell of any one of claims laws, wherein the electrolyte has a pH of

from about 6 to about 8‘

7. The electrochemical cell of any one of claims 14? wherein the electrolyte has a all of

from about 3 to about 6.

3. The electrochemical cell of any one of claims 14, wherein the layered material

comprises a metal oxide, a mixed metal oxide, a metal sulfide; a zinc metal phosphate, a zinc

metal oxide, or any combination thereof.

9., The electrochemical cell of claim 89 wherein the layered material comprises

manganese oxide, vanadium oxide, manganese vanadium oxide 138;, WOZClzr or any

combination thereof.
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ill. The electrochemical cell of any one of claims L9, wherein the layered material

comprises manganese oxide that undergoes a reduction in its oxidation state of l or more

(luring the discharge of the electrochemical cell,

ill The electrochemical cell of claim ll), wherein the cathode material comprises

manganese oxide having a chemical ihrmnla ofMmOy, where x is greater than or equal to l,

and y is greater than or equal to 2.

l2. The electrochemical cell of claim 9, wherein the cathode material comprises

manganese vanadium oxide having a chemical formula of MnszOy, where x is greater than

or equal to l, y is greater than or equal to 2, and z is greater than or equal to 1.

l3. The electrochemical cell of claim 9,; wherein the layered material comprises

manganese oxide having a chemical formula of MnOg, lVllfngg, Mn307r3ll209 lt/ln70w3ll203

Mmflgrilllzfit Mngfla, h’lfiagzs‘l’lzfl, or any combination thereof.

l4. The electrochemical cell of claim 99 wherein the layered material comprises

manganese oxide having a predominant crystal structure of (Lt—Mafia ll—h/lnlilz, y—lvlnflgg

5—Ml102a layered, or any combination thereof.

l5. The electrochemical cell of claim l3, wherein the layered material comprises MngOg

that comprises a power having a mean particle diameter of about 5i) em or less.

16. The electrochemical cell of any one of claims l—l 5, wherein the cathode further

comprises a carbon powder.

l7. The electrochemical cell of claim l6, wherein the cathode further comprises about

l5 wt% or less of the carbon powder by weight of the cathode.

l8. The electrochemical cell of either of claims 16 or l7, wherein the carbon powder

comprises acetylene black, finnace hlack, charmel ’hlaclt, graphite? activated carbons

graphene, or any combination thereof.
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19., line electrochemical cell of any one of claims 9-18, wherein the cathode further

comprises an adriitive that stabilizes the crystal lattice structtne of manganese oxide.

20. The electrochemical cell of claim l9, wherein the additive comprises 'l‘iSz, Tle,

Bl203, or any combination thereof.

21. The electrochemical cell of either of claims 19 or 20, wherein the additive is present

at a concentration ot‘ahout 20 wt% or less by weight of the cathode

22. The electrochemical cell of any one of claims l. ~2l, wherein the cathode is cloned with

Al, B, or any combination thereof.

23. The electrochemical cell of any one of claims 1422, wherein the anode comprieea a

metal, and a portion ofthe metal transitions into a divalent cation when the cell is discharged.

24° The electrochemical cell of claim 23, wherein the metal comprises zinc, magnesium,

or a combination thereof,

25. The electrochemical cell of any one of claims L24, wherein the cathode, the anode, or

both further comprises a binder.

26. The electrochemical cell of claim 25, wherein the hinder oomprisee pclyacrylcnitrile,

polyvinyl alcohol, polyvinyl chloride, polyethylene oxide, pclytetraflnoroethylene,

polyvinylirlene (litluoritle, polymethylrnethacrylate, or any combination thereof,

27. The electrochemical cell of either of claims 25 or 26, wherein the binder is present at

a concentration of from about 3 wt% to about l5 wt% by weight of the cathode or anode,

23., The electrochemical cell of any one of claims l~27, wherein the anode, the cathode, or

both further comprises a current collector.

29. The electrochemical cell of claim 28, wherein the current collector comprises one or

more electrically conductive metals or an electrically conductive polymer material.
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30. The electrochemical cell of either of claims 28 or 29, wherein the current collector

comprisea a woven material, a nonwwoven material, or a combination thereof.

3 l. The electrochemical cell of claim 30, wherein the current collector comprises a Sheet

ofncnnwovcn material that optionally comprises one or more perforations.

32. An electrochemical cell comprising:

an aqueous electrolyte comprising a divalent cation that comprises Zn“, Mg”,

or a combination thereof;

a cathode comprising a metal oxide; and

an anode comprising zine metal, magnesium metal, or a combination thereof;

wherein the aqueous electrolyte has a nearly neutral pli, the divalent cation

interealates into the cathode when the cell. diachargea; and. the divalent cation depoaita onto

the anode as a neutral metal when the cell charges,

33. The electrochemical cell of claim 32, wherein the divalent cation is Zn2+.

34., The electrochemical cell of claim 333 wherein the aqueous electrolyte thither

comprises SO42", Gilt)", N03} (SOgCllg', Cl", Br", (304", or any combination thereof,

35. The electrochemical cell of claim 34, wherein the cathode comprises manganese

oxide: and the manganese oxide is not substantially soluble in the aqueous electrolyte.

36. The electrochemical cell of claim 35, wherein the manganese oxide has a chemical

formula of MnxGy, where x is greater than or equal to l, and y is greater than or equal to 2,

37. The electrochemical cell of claim 34, wherein the cathode material comprises

manganese vanadium oxide having a chemical formula of Maxi/$03,, where x is greater than

or equal to l, y is greater than or equal to 23 and z is greater than or equal to l.

38. The electrochemical cell of claim 34, wherein the cathode material comprises

manganese oxide having a chemical formula ofMafia, MHSQa, Mn307r3ll20, Mn7014°93li20,

Mm09*3l'l20, Mn204, MmOggrl-lzt}, or any combination thereof.
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39. The electrochemical cell of claim 34, wherein the layered material comprises

manganese oxide having a predominant crystal atmcnire of emit/int); liuMnOg, ’Y—M‘EOg,

owlx/inOz, layered, or any combination thereof.

40. The electrochemical cell of claim 38, wherein the manganese oxide has a chemical

fonnnla of Mllng, and the manganese oxide comprises a newer having a mean particle

diameter of about 50 am or less:

al, The electrochemical cell of any one of claims 3240, wherein the cathode further

comprises a carbon powder"

42. The electrochemical cell of claim 41, wherein the cathode further comprises about

l5 wt% or less of the carbon powder by weight of the cathode.

43. The electrochemical cell of claim 42, wherein the carbon powder comprises acetylene

black, tinnace hlaclta channel black, graphiteg activated carbon, graphene, or any combination

thereof.

44. The electrochemical cell of any one of claims 35—433 wherein the cathode further

comprises: an additive that stabilizes the crystal lattice structure ot‘manganeae oxide,

45. The electrochemical cell of claim 4-4,, wherein the additive comprises "iiSz, Tle,

Bl203, or any combination thereof.

46. The electrochemical cell of claim 45, wherein the additive is present at a

concentration, of about 20 wt% or less by weight of the cathode

47. The electrochemical cell. of any one of claime 32—46, wherein the anode comprises

zinc metal.

48. The electrochemical cell of any one of claims 3247.} wherein the anode comprieee

zinc metal and the divalent cation is Zn +0
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49. The electrochemical cell of any one of claims 3323483 wherein the anode material, the

cathode materiah or both further comprises a binder.

50. The electrochemical cell ot‘olairn 49, wherein the binder comprises nolyacrylonitrilca

polyvinyl alcohoL, polyvinyl chloride, polyethylene oxide, polytetrailnoroethylenet

polyvinyiidene ditlnoridet polymethylrnethacrylate, or any combination thereof.

5 la The electrochemical cell of either of claims 49 or 50, wherein the binder is present at

a concentration of from about 3 wt% to about l5 wti/o by weight of the cathode or anode

52. The electrochemical cell of any one of claims 32—5l, wherein the anode the cathode,

or both further comprises a current collector.

53. The electrochemical cell of claim 52, wherein the current collector comprises one or

more electrically conductive metals or an electrically conductive polymer material,

54. The electrochemical cell of either of claims 52 or 53, wherein the current collector

comprises a woven materiala a non—woven materiala or a combination thereof.

55. The electrochemical cell of claim 54, wherein the current collector comprises a sheet

ofnon-woven material that optionally comprises perthrations.

56. The electrochemical cell of any one of claims 3265, wherein the cathode is doped

with Al, B, or any combination thereof:

57. A method ofmanufacturing an electrochemical cell comprising:

providing a cathode comprising a layered material;

providing an anode committing a metal; and

providing an aqueous electrolyte comprising a divalent cation,

wherein the divalent cation intercalatee into the layered material when the cell

discharges; and the divalent cation de~intercalates from the cathode material and deposito

onto the anode material as a neutral metal when the cell charges.
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58. The method of claim 57, wherein the divalent cation is selected from Zn”, Ca2+,

Mg}: Fez-i3 or any combination thereof.

59. The method of eleitn 58, wherein the divalent cation is Zn i.

60. The method of claim 59, further comprising dissolving ZnSO4, ZntCi—lflzh, ZntNOQZ,

Zn(C02CH3)3, ZnClg, ZnBrzg Zn(£7l04)2, or any combination thereof in water to generate the

Zn2+ divalent cation.

6i . The method of any one ofelaitns 57~60, wherein the cathode comprises a layered

material comprising a metal oxide, a rnixed metal oxide: a metal sulfides a zinc metal

phosphate? a zine metal oxide, or any combination thereof.

62. The method of claim 61, wherein the cathode comprises manganese oxide, vanadium

oxide, manganese vanadium oxide, ’l‘ng, WGgClg, or any combination thereof.

63. The method of either of claims 61 or 62, wherein the eathode comprises a metal oxide

that undergoes a reduction in its oxidation state of l or more during the discharge of the

electroehemical cell.

64. The method of claim 63, wherein the eathode comprises manganese oxide having a

chemical formula of MnxOy, and x is greater than or equal to la and y is greater than or equal

to 2‘

65. The method of claim 64“ wherein the cathode comprises manganese oxide having a

chemical formula ofMnOg, MnSOg h’in307‘3i7i20, Mmflwfiifigfl, MmOwSHzfl, W204,

MmGwl—lgt), or any combination thereof.

66. The method of claim 64, wherein the cathode comprises manganese oxide having a

predominant crystal stnieture of e—Mnflz, ii—MnOz, ymMnCtg, oanOg, layeredg or any

combination thereof.

67“ The method of claim 65, wherein the cathode comprises Mngflg, and the MnsOg

comprises a powder having a. mean partieie diameter of about 50 ion or less,
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68, 'i‘he method of any one of eiaims 57oz wherein the cathode further comprises carbon

powder.

69. The method of eiaim 68, wherein the cathode further comprises about 15 Wit/Z) or less

of the carbon powder by weight of the cathode.

70‘ The method of claim 69, wherein the carbon powder comprises acetylene biacki

htroaee black, channel black, graphite, activated carbon, graphene, or any combination

thereof.

71. The method of any one of ciaims 62—70, wherein the cathode faither comprises an

additive that stabilizes the crystafi iattiee structure of manganese oxide.

7'2. The method of ciaim 71, wherein the additive comprises ”i‘ng, 1132, $203, or any

combination thereof.

73. The method of claim 729 wherein the additive is present at a concentration of about

20 wt% or less by weight of the cathode.

74. The method of any one of etaims 531-73, wherein the cathode is doped with Al, B, or

any combination thereof"

75“ The method ofany ohe of claims 57-74, wherein the anode material comprises a

metal that undergoes an increase in its oxidation state of 1 or more during the discharge of the

eteotrochemieat eeti.

76., The method of any one of claims 57353 wherein the anode comprises zine it’tetaia

magnesium metai, or a combination thereof.

7’7. The method of any one of claims 57~76, wherein the divalent cation is 231/32 and the

anode comprises zine metal.
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’78., The method. of any one of claims 57—77, wherein the anode material, the cathode

material, or both further comprisee a hie-(ice

79. The method of claim ?8, wherein the hinder comprises poiyacrylonitrile, polyvinyl

alcohol, polyvinyl chloride, polyethylene oxide, polytetraflooroethylene, polyvinyliclene

diilooticle, polymethyhoethacrylate, or any combination thereof.

88. ’l‘he method of either of claims 78 or 79, wherein the hinder is preccnt at a

concentration of from about 3 Wt% to about 15 wt% by weight of the cathode or anode.

81. The method of any one of claims 57—80., further comprising providing a cathode

current collection an anode current collector, or both.

82. The method of claim 81, wherein the cathode current collector, the anode cement

collector, or both comprises one or more electrically conductive metals or an electrically

conductive polymer material.

83“ The method of either ot‘cieims St or 82, wherein the cathode current collector, the

anode cment collector, or both comprises a woven material, a non—woven material, or a

combination theteoti

84. The method of claim 83, wherein the cathode current collector, the anode cment

collector, or both comptises: a sheet of nonnwoven material that optionally comprises

perforations.
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the references listed on the attached form PTO/SB/08a. Should the Examiner have any

questions regarding this Information Disclosure Statement or the references cited herein, the

Applicant invites the Examiner to contact the undersigned agent of record at the telephone

number provided below.

Respectfully submitted,

DOWELL & DOWELL, P. C.

[Ralph A. Dowellz

Ralph A. Dowell

Reg. No.: 26868

Date: August 30, 2017

DOWELL & DOWELL, P.C.

2560 Huntington Avenue, Suite 203

Alexandria, VA 22303

U.S.A.

Tel.: 703—739—9888

Fax: 703—739—9889

Email: dowell@dowellpc.com

Customer Number: 00293

Page 2 of 2
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IN THE UNITED STATES PATENTAND TRADEMARK OFF/CE

Applicant: UNIVERSITY OF WATERLOO

First named Inventor: Brian D. ADAMS

Appln. No.: 15/513,914

US. Filing Date: March 23, 2017

International Applicant No: PCT/CA2016/050613

International Filing Date: May 31, 2016

Title: ELECTRODE MATERIALS FOR RECHARGEABLE ZINC

CELLS AND BATTERIES PRODUCED THEREFROM

Confirmation No. 3998

Grp./A.U.: Not Known

Examiner: Not Known

Docket No.: 19920NP

Honorable Commissioner for Patents

Alexandria, VA 22313-1450

Dear Sir:

PRELIMINAR Y AMENDMENT BEFORE EXAMINA TION

Prior to examination, please amend the above-identified National Phase Patent

Application as follows:

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

this paper.

Remarks/Arguments begin on page 7 of this paper.
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Amendments to the Claims

This listing of claims will replace all prior versions, listings, of claims in the

application:

Listing of Claims:

1. (Currently amended) A zinc ion battery, comprising:

a positive electrode compartment having enclosed therein an intercalation

layered positive electrode material M*¥2957nH29,—wherein+is—in—a—range—trem—0705—te4—,

- an- A... A Ayn-A-l'l n_---- an... :n- nee ll- .-
 

 

stateTaHd—wherein—saiel—Vges-is comprising a layered crystal structure having water
 

nHzO of hydration and/or [[the]] metal ions M pillared between the layers of the crystal

structure, [[and]] where the waters of hydration i_s coordinated to the metal ions M;

a negative electrode compartment having enclosed therein a negative electrode

for storing zinc;

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

2. (Currently amended) The zinc ion battery according to claim 1 wherein n is

greatepthan—O—anel—less—than—i in a range from 0 to 2.

 
3. (Currently amended) The zinc ion battery according to elaims4—er—claim 2

' the la ered iwherein

crystal structure comprises any one of V205, V307 and MoOy, and the metal ions are

any one or combination of a d-block metal ion, f-block metal ion and alkaline earth ion,

and the metal M ion is in a +2 to +4 valence state.
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4. (Currently amended) The zinc ion battery according to elaims4,—2—er claim 3

 wherein -- --=. '.- - - :=- :--=' - '- .-= .a-- - - -- '- 'e- e.

zinemetal—battery the intercalated layered positive electrode material is MxV205.nH20

wherein x is in a range from 0.05 to less than 1.

5. (Currently amended) The zinc ion battery according to elaims4,—2,—3—er—4 claim 1

wherein the electrolyte has a pH in a range from about 1 to about 8.

 

6. (Cancelled)

7. (Currently amended) The zinc ion battery according to any—ene—et—elaims4—te—6

claim 1 wherein the intercalation layered cathode material has a nanostructured
 

morphology which is defined by an average particle size of less than or equal to 1000

nm in at least one particle dimension.

8. (Cancelled)

9. (Cancelled)

10. (Currently amended) The zinc ion battery according to claim [[9]]_7 wherein the

particles are coated with electrically conducting material.

11. (Currently amended) The zinc ion battery according to claim 10 wherein the

electrically conducting material is any one or combination of carbon pewdepand

conducting polymer.

12 — 14. (Cancelled)

15. (Currently amended) The zinc ion battery according to any—ene—et—elaims4—

te44 claim 1 wherein the negative electrode comprises zinc metal or zinc alloy.
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16. (Original) The zinc ion battery according to claim 15 wherein the negative

electrode is a zinc metal electrode.

17. (Original) The zinc ion battery according to claim 15 wherein the negative

electrode is a zinc alloy.

18. (Currently amended) The zinc ion battery according to any—ene—ei—elaims4—te4—4

claim 1 wherein the negative electrode comprises a current collector, and a surface of
 

the current collector facing into the negative electrode compartment having a layer of

zinc or zinc alloy bound thereto.

19. (Currently amended) The zinc ion battery according to claim 18 wherein the

layer of zinc comprises any one of powdered zinc metal or a sheet of zinc metal

20. (Cancelled)

21. (Currently amended) The zinc ion battery according to claim 18,1—9—er—2-0

wherein the current collector is comprised [[on]] o_f any one or combination of carbon,

boron, lead, vanadium, chromium, manganese, iron, cobalt, nickel, cadmium, tungsten,

bismuth, tin, indium, antimony, copper, titanium, and zinc metal.

22. (Currently amended) The zinc ion battery according to any—ene—et—elaims4—te4—4

claim 1 wherein the negative electrode comprises a material that can store elemental

zinc by any one or combination of intercalation, conversion, and capacitive storage.

23. (Currently amended) The zinc ion battery according to any—ene—et—elaims4—te—2—2

claim 1 wherein the electrolyte further comprises water dissolved zinc git present in a

range from about 0.01 to about 10 molar.

24 — 25. (Cancelled)
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26. (Currently amended) [[A]] The zinc ion batteryreemprisinge

 

according to claim 3, wherein th_e intercalated layered positive electrode materialfi

MxV3O7.nH20, wherein x is in a range from 0.05 to less than 1,—n—is—greateHhan—O—and

 

 
27. (Cancelled)

28. (Currently amended) The zinc ion battery according to claims 26—er—2—Z claim 1
 

wherein the negative electrode comprises zinc, and wherein the zinc ion battery is a

zinc metal battery.

29 — 48 (Cancelled)

49. (Currently amended) [[A]] E zinc ion batteryeeemprisinge

. . l I l . I I I

according to claim 3 wherein the intercalated layered positive electrode material is

MxMoOy.nH20, wherein x is in a range from 0 to 1, y is in a range from 2 to 3,—n—is—in—a
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50 - 73. (Cancelled)

74. (New) The zinc ion battery according to claim 3 wherein n is greater than 0 and

less than 1.
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REMARKS

Applicants hereby make amendments to (i) bring the total number of claims to 20 (with

one independent claim), and (ii) remove multiple dependencies.

It is respectfully submitted that these amendments are for the purpose of reducing

claims fees, without prejudice.

The independent claim 1 has been amended to more succinctly and appropriately recite

the scope of protection to which the Applicants are entitled to. Further amendments

have been made throughout the claims, in order to reflect the amendments to claim 1.

Applicants respectfully submit that all the amendments made herein are clearly and

sufficiently supported by the application as originally filed, and no new matter has been

added.

Respectfully Submitted,

Dowell & Dowell, P.C.

By: /Ralph A. Dowell/

Ralph A. Dowell, Registration No. 26868

Date: August 29, 2017

DOWELL & DOWELL, P.C.

Suite 203

2560 Huntington Ave

Alexandria, VA 22303Tel.: 703-739-9888

Fax: 703-739-9889

Email: dowelii’wdoweiigcpom
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Electronic Patent Application Fee Transmittal

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced
Title of Invention: Therefrom

_—

Filing Fees for US. National Stage under 35 USC 371

Sub-Total in

Description Fee Code Quantity USD($)

Basic Filing:

11m 51116151111101 FEE- REPOWROWDED 1642

1 720 720NATIONAL STAGE EXAM — ALL OTHER CASES

Pages:

Claims:

Miscellaneous-Filing:

0A1H/DECL> 3111105 111011371 COMMENCEMEM 1617

Patent-Appeals-and-lnterference:
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. . . Sub-Total in

Post-AlIowance-and-Post-lssuance:

EXtenSion _ 2 months With so paid 1252 -nn

Total in USD (5)
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Electronic Acknowledgement Receipt

“—

——

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced
Title of Invention: Therefrom

——
——

Payment information:

 
——

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

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

112916

Applicant Response to Pre—Exam
Formalities Notice 19920rmp.pdf 6ec679fb2bb67c01da95b5bb3d0c774add

28002 -I
161965

Extension of Time 19920ret0817.pdf 19d1dfc5477f4dd953fbd53478232falbf35
97f4

Preliminary Amendment 19920prelamend0817.pdf 483fb2e7274b7ae4f48b7dc23fc8bafb0ec1
ccOa -

Fee Worksheet (SBO6) fee—info.pdf 0286034c2ce7e64dd5346ec53f71f98f8458
bcfe -

Total Files Size (in bytes) 350229
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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IN THE UNITED STATES PATENTAND TRADEMARK OFFICE

Applicant: UNIVERSITY OF WATERLOO

First named Inventor: Brian D. ADAMS

Appln. No.: 15/513,914

US. Filing Date: March 23, 2017

International Applicant No: PCT/CA2016/050613

International Filing Date: May 31, 2016

Title: ELECTRODE MATERIALS FOR RECHARGEABLE ZINC

CELLS AND BATTERIES PRODUCED THEREFROM

Confirmation No. 3998

Grp./A.U.: Not Known

Examiner: Not Known

Docket No.: 19920NP

Honorable Commissioner for Patents

Alexandria, VA 22313 -1450

Dear Sir:

RESPONSE TO NOTICE TO FILE MISSING PARTS

In response to the notice to file missing parts mailed May 26, 2017, submitted

here with is a Preliminary Amendment in which the number of claims has been reduced

to twenty total claims with one independent claim for purposes of calculating the filing

fees. Further there are no longer any multiple dependent claims.
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The filing, search, examination and surcharge fees of $1 340.00 being paid by

credit card. Any deficiency in the fees may be charged to Deposit Account 041577 to

Dowell & Dowell, PC.

 
A copy of the Notice is attached. A two month extension of time is also being filed

concurrently and the fees paid be credit card.

Respectfully submitted,

DOWELL & DOWELL, P. 0.

Ralph A. Dowell/ - ,

Ralph A. Dowell, Reg. No.: 26,868 i

DOWELL & DOWELL, P. C. Date: August 29.I 2017 :9

Suite 203, 2560 Huntington Ave.

Alexandria, VA 22303

Telephone: (703) 739-9888
Customer Number: 293

 
ia
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LA. FILING DATE

05/3 1/20 :1 6
 

 
2560 HUNTINGTON AVE, SUITE 203

ALEXANDRIA, VA 22303 06/08/2015

CONFIRMATION P103998

371 FORMALITIES LETTER

llllllllllllllllllllllllllllllllllllllllllllllllllllllgllllllll
Date Mailed: 05/26/2017

Notification of Insufficiency Under 37 CFR 1.492 and/or1.495(DO/EO/US)

The following items have been submitted by the applicant or the international Bureau to the United States Patent
and Trademark Office as a Designated / Elected Office (37 CFR 1.495).

- Priority Document

» Copy of the International Application filed on 03/23/2017

» Copy of the international Search Report filed on 03/23/2017
. U.S. Basic National Fees filed on 03/23/2017
. Authorize Access to Search Results filed on 03/23/2017

. Priority Documents filed on 03/23/2017
- Authorization to Permit Access filed on 03/23/2017

- Application Data Sheet (37' CFR 1.76) fiied on 03/23/2017

The following items MUST be furnished within the period set forth below:

- Additional claim fees of $5260 as a undiscounied entity, including any required multiple dependent claim fee,

are required. Applicant must submit the additional claim fees or cancel the additional claims for which less are
due.

. To avoid abandonment, a surcharge (for late submission of search lee. examination fee or inventors oath or

declaration) as set forth in 37 CFR 1.492(h) of $140 for an undiscounted entity , must be. submitted with the

missing items identified in this letter.
SUMMARY OF FEES DUE:

Total additional fees required for this application is $6600 for an Undiscounted Entity:
- $140 Surcharge.

Applicant is notified that the above—identified application contains the deficiencies noted below. No period for

reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's

oath or declaration. the applicant must file an oath or declaration in cempliance with 37 CFR 1.63, or a substitute
Statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the

expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.49503).

- Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Brian D.

ADAMS, Dipan KUNDU. and Linda F. NAZAR

. The appiication search fee has not been paid. Applicant must submit $480 to complete the search fee. Note a
surcharge will be required it submitted later than commencement of the national stage (37 CFR 1.492(h)).

page 1 of 2

FORM PCT/DO/EO/Qza (371 Formalitiea Notice)
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. The application examination fee has not been paid. Applicant must submit $720 to complete the examination

fee for an undiscounted entity. Note a surcharge will be required it submitted later than commencement of the

national stage (37 CPR t.492(h)) and the basic national fee was not paid before July 1, 2005.

Total additional claim feeis) for this application is $5260
. $4480 for 56 total claims over 20.

. $780 for multiple dependent claim surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR1.136(a).

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 inciude the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS—Web may alternatively submit their reply to this notice via EF8~Web.
h : rt I. to. ov h ni . A heni Us rLo lEPF.html

For more information about EFS—Web please cat! the USPTO Electronic Business Center at 1w866~217~9197 or

visit ou:r website at IlIipilleasptogoVZebo.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

INDIA L EVANS

'l"elophone: (571) 272—9085

page 2 of 2

m

FORM PCTIDO-‘EOIQKi (371 Formaliiies Notice)
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PTO/AlA/22 (03-13)
Approved for use through 7/31/2016. OMB 0651-0031

US. Patent and Trademark Office; US. 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.

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR1.136(a) 19920NP

Application Number1 5/51 3591 4 Filed 03/23/2017

For Electrode Materials for Rechargeable Zinc Cells and Batteries Produced Therefrom

This is a request underthe provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enterthe appropriate fee below):

E Small Entity Fee Micro Entity Fee

One month (37 CFR 1.17(a)(1)) $200 $100 $50

Two months (37 CFR 1.17(a)(2)) $500 $300 $150

Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350

Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550

Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750

Applicant asserts small entity status. See 37 CFR 1.27.

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to

Deposit Account Number

Payment made via EFS-Web.

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.

I am the

D applicant.

attorney or agent of record. Registration number 26868

D attorney or agent acting under 37 CFR 1.34. Registration number

/Ralph A. Dowell/ August 29, 2017
Signature Date

Ralph A. Dowell 703-739-9888
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below*.

E] * Total of forms are submitted.
This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 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,
US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission ofthe 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 forthe collection ofthis information is 35 U.S.C. 2(b)(2); (2)
furnishing ofthe information solicited is voluntary; and (3) the principal purpose for which the information is used by the
US. 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 US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment ofthe
application or expiration ofthe 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 underthe 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 ofthese records is required by the
Freedom of Information Act.

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.
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 ofthe record.
A record in this system of records may be disclosed, as a routine use, to a contractor ofthe Agency having
need forthe information in orderto perform a contract. Recipients of information shall be required to comply
with the requirements ofthe Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed underthe Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau ofthe World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
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)).
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 ofthat 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 forthis purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

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 ifthe 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.
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, ifthe USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'fiss. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450wwwuspto .gov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

73 315/513,914 03/23/2017 280 19920NP

 
   

CONFIRMATION NO. 3998

293 FILING RECEIPT

Es‘élvfibhifl‘élvéhil’g‘gum203 IIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ALEXANDRIA, VA 22303

Date Mailed: 05/26/2017

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 US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

lnventor(s)

Brian D. ADAMS, Mitchell, CANADA;

Dipan KUNDU, Kitchener, CANADA;
Linda F. NAZAR, Waterloo, CANADA;

Applicant(s)
UNIVERSITY OF WATERLOO, Waterloo, ON, CANADA

Power of Attorney: None

Domestic Priority data as claimed by applicant

This application is a 371 of PCT/CA2016/050613 05/31/2016
which claims benefit of 62/230,502 06/08/2015

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.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as

appropriate.

If Required, Foreign Filing License Granted: 05/24/2017

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 15/513,914

Projected Publication Date: 08/31/2017

Non-Publication Request: No

Early Publication Request: No
Title

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 US. 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 US. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD Application or DOCkeT Number
Substitute for Form PTO-875 15/513,914

APPLICATION AS FILED - PART I OTHER THAN

Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR1.16(a) (b) or (0))
SEARCH FEE
(37 CFR1.16(k) (i) or(m))

EXAMINATION) FOEE»(37 CFR116(O

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
(37 CFR1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41 (a)(1)(G) and 37 CFR1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))

* lfthe difference in column 1 is less than zero, enter ”0” in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 2) (Column 3) SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 CFR1.16(i))

Independent(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE

(Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 OFR1. 16(i))
Independent

(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

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

*** If the ”Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter ”3”.
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, Viigmia 22313-1450wwwusptogov

U.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO.

 
15/513,914 Brian D. ADAMS 19920NP

293

DOWELL & DOWELL, P.C. PCT/CA2016/050613

2560 HUNTINGTON AVE, SUITE 203

ALEXANDRIA, VA 22303 05/31/2016 06/08/2015

CONFIRMATION NO. 3998

371 FORMALITIES LETTER

IllllllllIIIIIIIllIllIIIIlll1111111111111111111111

Notification of Insufficiency Under 37 CFR 1.492 and/or 1.495 (DO/EO/US)

The following items have been submitted by the applicant or the International Bureau to the United States Patent

and Trademark Office as a Designated / Elected Office (37 CFR 1.495).

- Priority Document

' Copy of the International Application filed on 03/23/2017

' Copy of the International Search Report filed on 03/23/2017
' U.S. Basic National Fees filed on 03/23/2017

' Authorize Access to Search Results filed on 03/23/2017

- Priority Documents filed on 03/23/2017
. Authorization to Permit Access filed on 03/23/2017

' Application Data Sheet (37 CFR 1.76) filed on 03/23/2017

The following items MUST be furnished within the period set forth below:

' Additional claim fees of $5260 as a undiscounted entity, including any required multiple dependent claim fee,

are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

' To avoid abandonment, a surcharge (for late submission of search fee, examination fee or inventor's oath or

declaration) as set forth in 37 CFR 1.492(h) of $140 for an undiscounted entity , must be submitted with the

missing items identified in this letter.
SUMMARY OF FEES DUE:

Total additional fees required for this application is $6600 for an Undiscounted Entity:

' $140 Surcharge.

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for

reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's

oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute

statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the

expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.495(0).

' Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Brian D.

ADAMS, Dipan KUNDU, and Linda F. NAZAR

' The application search fee has not been paid. Applicant must submit $480 to complete the search fee. Note a

surcharge will be required if submitted later than commencement of the national stage (37 CFR 1.492(h)).

page 1 of 2
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' The application examination fee has not been paid. Applicant must submit $720 to complete the examination

fee for an undiscounted entity. Note a surcharge will be required if submitted later than commencement of the

national stage (37 CFR 1.492(h)) and the basic national fee was not paid before July 1, 2005.

Total additional claim fee(s) for this application is $5260
' $4480 for 56 total claims over 20.

' $780 for multiple dependent claim surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions

of 37 CFR1.136(a).

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)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.

https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-21 7-9197 or

visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

INDIA L EVANS
 

Telephone: (571) 272-9085

page 2 of 2
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Filing DateApplication Number

1 551 391 4

MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Applicant(s) Brian ADAMS
Substitute for Form PTO—1360

(For use with Form PTO/SB/06)

  1234567009123457012345678912345700123457m5555555556666667777777777000000000000009999991  
* May be used for additional claims or amendments

———————

  123457O123456789012345678901234567890123456711111111112222222222333333333344444444
___WTONCEEM6mmWA
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connecreo nos 15/513,914 PTQ’AEA’WW‘”Approved for use through 04/30/2017. OMB 0651:0032
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Actoi1995, no persons are required to respond to a milection of information uniess it contains a vaiid OMB coniroi number.

Appiicatron Beta Sheet 3? CFR 1.?5 i —Appiication Number

Titie of invention Electrode Materlais For Rechargeabie Zinc Ceiis and Batteries Produced Therefrom 
The apoiication data sheet is part ofthe brovisionai or rionorovisional application for which it is being submitted The foiiowirig form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outiined in 37 CFR 1.76.
This document may be compieted eiectronicaliy and submitted to the Office in electronic format using the Electronic Fiiing System (EFS) or the
document may be printed and inciuded in a paper flied apbiicatiori.

Secrecy @rder 3? CFR 5.2:

: Portions or sit ofthe appiication associated with this Appiioation Data Sheet may faii under a Secrecy Order pursuant to
' 37 CFR 5.2 (Paper filers oniy. Appiications that fail under Secrecy Order may not be flied electronicaily.)

 

  
 

inventor intorn‘ration:

 inventor 1

Legai Name

Prefix— Middie Name Famiiv Name surnx

Residence information (Seiect fine) Q US Residency (3‘8 Non US Residency 0 Active US liiiiiitary Service
\J

 

iiviaiiing Address of inventor:

 

Ardent

Postai use Country:

 inventor 2

Legai Name

Prefix Given Name Middie Name Famiiy Name Suffix

Residence information (Seieot Cine) 0 US Residency @ Non US Residency Q Active US Miiitary Service

iCity Kitchener iCouniry of Residence 5 CA

iiViaiiing Address of inventor:
Address 1 ii Overlea Drive

Address 2

inventor 3

Legai Name
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PTO/AiA/i4 (1 1-15)

CGRRECTED ADS 151513.914 Approved for use through 04/30/2017. OMB 0651003.?US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Aotot1995. no persons are required to respond to a coilection of information uniess it contains a valid QMB control number.

19920NP

Electrode Meteriais For Rechargeabie Zinc Ceiis and Batteries Produced Thereirom

  
 

  

 

 
.. . Attorney Docket Number

Apphcetron Beta Sheet 3? CFR 1.75 i _ _
Appiicetion Number

  

  

 

Titie of invention

Prefix_ Middie Nome V Femiiy Nome Suffix

Residence information {Seiect Gnei Q US Residency (5) Non US Residency Q Active US iv'iiiitary Service

 iCity Waterloo iCountry of Residence 3

iiv’iaiiing Address of inventor:

Aii inventors Must Be Listed — Additional inventor information biocks may be

generated within this form by seiecting the Add button.  

Correspondence informetion:

Enter either Customer Number or compiete the Correspondence information section heiow.

For further information see 37 CFR 1.33te).

E} An Address is being provided for the correspondence information of this eppiicetion.

Emaii Address dowell@dowellpc.com ;. 

Appiicetion information:

Titie of the invention Eiectrode Materiais For Rechargeahie Zinc Cells and Batteries Produced Therefrom

Attorney Socket Numberi remorse
Appiicetion Type Nonprovisional V

Subject Matter Litiiity

Totai Number of mowing Sheets {if any) 14 Suggested Figure for Pubiicotion (if any)-
VFiiing By Reference:
iOnly complete this section when filing an appiication by reference under 35 U.S.C. iii-(c) and 37 CFR 157(3). Do not complete this section if

isppiication papers inciuding a specification and any drawings are being fiied. Any domestic benefit or foreign priority information must be

iprovided in the appropriate sectionts) beiow {i.e., ”Domestic: Benefit/Nationai Stage information" and “Foreign Priority information“).

 

  
 

 

 

For the purposes ofa fiiing date under 37 CFR i.53(b), the description and any drawings ofthe present application are replaced by this
ireference to the previously fiied application, subject to conditions and requirements of 37 CFR 157(3).

Application number of the previously lnteiiectuai Property Authority or Country I
filed eppiication

Filing date (YYYY—MM—DD)
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. PTO/AiA/14 (11-15)

CQRRECTE D ADS 1515;13:914 Approved for use through 04/30/2017. OMB 0651:0032
US. Patent and Trademark Oiiice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Aotot1995. no persons are required to respond to a coilection of information uniess it contains a valid QMB control number.

19920NP

Electrode Materiais For Rechargeabie Zinc Ceiis and Batteries Produced Theretrom

 

 

 

 
 

. . Attorney Docket Number
Apphcation Beta Sheet 37 CPR 1.75 i _ _

Appiication Number

 

 
 Titie of invention
  

Pnhiication information:

[:1 Request Eariy Pubiication (Fee required at time of Request 37 CPR 1.219)

REQNE$E Not t6 Pnbtieh. i hereby request that the attached application not be pubiished under

E 35 USE. 122(b) and certify that the invention disciosed in the attached appiication has not and wiii not be the
1 subject of an application tiied in another country, or under a muitiiaterai internationai agreement, that requires

publication at eighteen months after tiiing.

Representative information:

Representative information shouid be provided for all pr ctitioners having a power or“ attorney in the appiication. Providing
this information in the Appiication Data Sheet does not constitute a power of attorney in the application (see 37 CPR 1.32).
Either enter Customer Number or complete the Representative Name section below. if both sections are completed the customer
Numberwiii be used torthe Representative information during processing.  
 

i
('3 c. ‘53

Please Seiect One: tomer Number US Patent Practitioner Q Limited Recognition (37 CPR 11.9)

 

 

 

 

Prefix Given Name Famiiv Name

Prefix EGiven Name Famiiy Name

Lynn -Schumacher

Prefix iGiven Name Famitv Name V

Prefix EGiven Name Famiiy Name

Prefix EGiven Name Famitv Name
Arien Ferrebee 

Registration Number 51312

Additionai Representative information biocks may be generated within this form by

seiecting the Add button.

tfiomeatio Benetttihtattonat Stage information:

iThis section aiiows torthe appiicant to either ciaim benefit under 35 USS. ttgte), 120, 121, 365(0), or 386(c) or indicate
iNationai Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
ithe specific reference required by 35 USE. 119(e) or 120, and 37 CPR1.78.

EWhen reterring to the current appiication, piease ieave the “Appiication Number” tieid U‘WkExhibit 1002’ pg. 129  
EFS Web 2.2.12
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connecreo ADS 15/513,914 . .l - IpTo’AEA’WW‘aApproved for use through 04/30/20 :7. OMB 0651:0032
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of i 995, no persons are required to respond to a collection of information unless it contains a valid QMB control number.

1992DNP

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

 

 
 

 

  

 

 
 

. . Attorney Docket Number
Application Beta Sheet 37 CPR 1.75 i _ _

Application Number

Title of invention

  

Prior ApplicationStatus__ending
Filing or 37i (c) Date

Application Number Continuity Type Prior Application Number Wit/ltdDD)

a 3.71 of international PCT/CA2015/0506’i3 2013-05—31

Prior ApplicationStatu_ i
Piling or 37i (c) Date

Application Number Continuity Type Prior Application Number (YYYY Mit/i——DD)

PCT/CAZGi 51'Q5D5i 3 Claims benefit of provisional _2230562_015-66-{)8

 

 Additional Domestic Benefit/National Stage Data may be ge—neratedwithin this form
by selecting the Add button.

Foreign Priority information:

iThis section allows forthe applicant to claim priority to a foreign application. Providing this information in the application data sheet
iconstitutes the claim for priority as required by 35 USC. 119(k)) and 37 CFR 1.5.5. When priority is claimed to a foreign application
ithat is eligible for retrieval underihe priority document exchange program (PBX)x the information will be used by the Office to

iautomaticaily attempt retrieval pursuant to 37 CPR 1,55(i)(1) and (2). Underthe PDX programi applicant bears the ultimate
iresponsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
iproperty office, or a certified copy oithe foreign priority application is filed, within the time period specified in 37 CPR 1.55(g)(i).

 
Application Number Countryi Fiiing Date (WW-MM—DD) Access Code‘ifiifapplicabie)

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

Statement under 3‘? CPR tea or 1.78 for AiA {Piret inventor to File) Traneition

Applications

This application (1) claims priority to orthe benefit of an application filed before iviarch to, 2613 and (2) also

i contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after liriarch

[j to, 20i3.
NOTE: By providing this statement under 37 CPR 1.55 or 178, this application, with a tiling date on or after March

to, 2013, will be examined underthe first inventorto file provisions ofthe AlA.
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PTO/AiA/t4 (11-15)

CORRECTED ADS ”5 5/51 3,914 Approved for use through 04/30/2017. orvie coop-3032US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of i 995. no persons are required to respond to a coilection of information uniess it contains a vaiid QMB controi number.

19920NP

Electrode Materlais For Bechargeabie Zinc Ceiis and Batteries Produced Therefrom

 

  
. . Attorney Docket Number

Apphcation Beta Sheet 3? CPR1.7B : _ _
Appircation Number   

Titie of invention

Authorization or prBut of Authorization to Permit Access:

EWhen this Application Data Sheet is properiy signed and fiied with the appiication, appiicant has provided written
Eauthority to permit a participating foreign inteiiectuai property (iP) office access to the instant appiication—as—fiied (see

Eparagraph A in subsection 1 beiow) and the European Patent Office (EPO) access to any search results from the instant
Eappiication (see paragraph B in subsection 1 beiow).

EShouid applicant choose not to provide an authorization identified in subsection 1 beiow, applicant must opt-out ofthe
Eauthorization by checking the corresponding boxA or B or both in subsection 2 beiow.

ENGTE: This section of the Appiication Data Sheet is QNLY reviewed and processed with the ihiiTiAL fiiing of an
Eappiication. Afterthe initiai fiiing of an application, an Appiication Data Sheet cannot be used to provide or rescind
Eauthorization for access by a foreign iP office(s). instead, Form PTO/SB/BQ or PTO/SB/bg must be used as appropriate.

E’i. Authorization to Permit Access by a Foreign inteiiectuai Property Bfficets)

EA. Priority Bocument Exchange {PBX} — Uniess boxA in subsection 2 (opt—out of authorization) is checked, the
Eundersigned hereby grants the USPTQ authority to provide the European Patent Office (EPQ), the Japan Patent Office
EthO), the Korean inteiiectuai Property Office (KiPO), the State inteilectuai Property Office of the Peopie’s Repubiic of
EChina (SlPO), the Worid inteilectuai Property Qrganization (WiPO), and any other foreign inteliectual property office

Eparticipating with the USPTQ in a biiaterai or muitilateral priority document exchange agreement in which a foreign
Eappiication claiming priority to the instant patent appiication is fiied, access to: (’i) the instant patent appiication—as—fiied
Eand its related bibiiographic data, (2) any foreign or domestic application to which priority or benefit is ciaimed by the
Einstant appiication and its reiated bibiiographic data, and (3) the date of fiiing of this Authorization. See 37 CPR 1.14m)

Eu).

 

EB Search Resuits from LLB. Appiication to EPB — Uniess box B in subsection 2 (opt—out of authorization) is checked,
Ethe undersigned hereby grants the USPTQ authority to provide the EPO access to the bibliographic data and search

Eresuits from the instant patent appiication when a European patent appiication ciaiming priority to the instant patent
Eappiication is fiied. See 37 CPR t.14(h)(2).

 

EThe appiicant is reminded that the EPO‘s Buie 141(t) EPC (European Patent Convention) requires appiicants to submit a
Ecopy of search results from the instant appiication without deiay in a European patent appiication that ciaims priority to
Ethe instant appiication.

2. Got—Gut of Authorizations to Permit Access by a Foreign inteiiectuai Property foicefsi

i A. Appiicant BGES NOT authorize the USPTO to permit a participating foreign lP office access to the instant
Em appiication-as-tiied. ifthis box is checked, the USPTO wiil not be providing a participating foreign iP office with
E any documents and information identified in subsection 1A above.

B. Appiicant BBEB NQT authorize the USPTQ to transmit to the EPQ any search resuits from the instant patent

EC} appiication. if this box is checked, the USPTO wiii not be providing the EPO with search results from the instant
E appiication.

ENQTE: Cnce the application has pubiished or is otherwise pubiiciy avaiiable, the USPTQ may provide access to the
Eappiication in accordance with 37 CPR tit-i.
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PTO/AiA/i4 (1 1-15)
Approved for use through 04/30/2017. OMB 0651:0032

CORE§ECTEQ ADS 15/513 914 u.s. Patent and Trademark Office; us. DEPARTMENT OF commence
Under the Paperwork Reduction Act off 995, no persons are required to respond to a co:'lectione{information uniess it contains a vaiid QMB control number.

19920NP
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 . . E'Attorney Docket Number
Appiioation Bata Sheet 37 CFR1.75 E _ _

Appiication Number

 

  
  
  

Titie of invention

Appiicant information:

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

Appiicant ’i

Eifthe applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section shouid not be completed.

EThe information to be provided in this section is the name and address ofthe iegai representative who is the appiioant under 37 CFR
E143; orthe name and address of the assignee, person to whom the inventor is under an ohiigation to assign the invention, or person
Ewho otherwise shows sufficient proprietary interest in the matter who is the appiicant under 37 CFR 1.46. tithe applicant is an

Eappiicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
Eproprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are arise the appiicant should be

Eidentified in this section.
 

EC; Assignee (:3 Legai Representative under 35 U.S.C. 117 0 Joint inventor 
E® Person to whom the inventor is obligated to assign. EQ Person who shows sufficient proprietary interest

if applicant is the iegai representative, indicate the authority to fie the patent application, the inventor is:

EName ofthe Deceased or Legaiiy incapacitated inventor:

ifthe Appiicant is an Organization check here. %

Matting Address information For Appiicant:

EAdditionai Appiicant Data may be generated within this form by seiecting the Add button.  

Aaaigneo information inciuding idon~Appiicant Assignee information:

EProviding assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
E37 of CFR to have an assignment recorded by the Office.  
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connecreo ADS 15/513,914 . PTO’AEA’WW‘E"Approved for use througn 04/30/2017. OMB 0651:0032
US. Patent and Trademark Oiiice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of i 995. no persons are required to respond to a coilection of information uniess it contains a vaiid QMB controi number.

19920NP

Electrode Materiais For Rechargeable Zinc Ceiis and Batteries Produced Thereirom

 

 .. . Attorney Docket Number
Aooiicatron Beta Sheet 3? CFR 1.75 i _ _

Appiication Number

 

  
  
  

Titie of invention

Assignee ’i

iComplete this section if assignee information, incinding non-apoiicant assignee information, is desired to be inciuded on the patent
iappiioation publication. An assignee-applicant identified in the "Applicant information” section wiii appear on the patent application

ipubiioation as an appiicant. For an assignee-appiioant, complete this section oniy if identification as an assignee is also desired on the
ioatent apoiication pubiication.

itthe Assignee or Non——Aopiicant Assignee is an Organization check here.

Prefix i‘y‘iiddie Name_F—arniiyName Suffix
iitIiaiiing Address information For Assignee incite—dingNon—Appiicant As—signee:

Address 1

City StateiProyince

Conntryi Postai Code

Email Address

 

Additionai Assignee or Non-Appiicant Assignee Data may be generated within this form by

selecting the Add button.

Signatore:

iNGTE: This Apoiication Data Sheet must be signed in accordance with 37 CFR 1.33m). i-ioweyer, if this Aopiication

iData Sheet is submitted with the ihii’i’iAi. tiiing of the aopiication m either box A or B is Lot checked in
isubsection 2 ot the “Authorization or Cot—Gut ct Authorization to Permit Access” section, then this term must
iaiso be signed in accordance with 3? CFR tithe}.

This Appiication Data Sheet must be signed by a patent practitioner if one or more oithe apoiicants is a inristic

ientity (eg, corporation or association). ifthe apoiicant is two or more joint inventors, this form must be signed by a
inatent practitioner, aiijoint inventors who are the appiicant, or one or more joint inventor-appiicants who have been given
ipower of attorney (eg, see USPTO Form PTO/AiA/si) on behaif otafljoint inventor—appiicants.
5 See 37 CFR i.4(d) for the manner of making signatures and certifications.

  
 

Signature seaweewmmew lWENDY M. SLADE/ Date (YYYY—itiiiifi—DD) assesses“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

. \£Q\\\\\\\\\\\\\\\\\\\\\\\\\\\I

Lessee“ 53604\\\\\\\\\\\\\\\\\\
 m\\\\\\\\\\\\\\\\\\\\\\\ViFirst Name messes fléND Last Name Exceed“ SLAUE Registration Number 

Additionai Signature may be generated within this form by seiecting the Add button.
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PTO/AiA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651:0032

UCORRECTEB ADS 15/513 91,4 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act M1995. no persons are required to respond to a co.'lectione{information uniess it contains a valid QMB control number.

19920NP

Electrode Materiais For Reohargealoie Zino Ceiis and Batteries Produced Therefrom

 

 _, . E'Attorney Docket Number
Apoiioatton Beta Sheet 3? CFR 1.75 i _ _

Appiioation Number

 

  
  
  

Titie of invention

This oolieetion of information is required by 37 CPR 1.75. The information is required to obtain or retain a benefit by the pubiie which
is to fiie (and by the USPTO to process) an appiicaiion. Confidentiality is governed by 35 USC. “:22 and 37 CFR1.14. This
collection is estimated to take 23 minutes to complete, inciuding gathering, preparing, and submitting the completed aopiioation data
sheet form to the USPTO. Time wilt vary depending upon the individual case. Any comments on the amount oftime you require to
complete this form and/orsuggestions for reducing this burden, should be sent to the Chief information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 2231°—1450. DO NOT SEND FEES OR
QOMPLETED FORMS TO THiS ADDRESS. SEND TO: Commissioner for Patents, PD. Box 1459,Aiexandria,VA 22313-1459.
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Privacy Act Statement

The Privacy Act of l 974 (PL. 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. Accor gly, pursuant to the requirements of the Act, please be advised that: (i) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2l; (2) furnishing ofthe information solicited is voluntary; and (3) the principal purpose for which the information is used by the US. 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 US.
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 ofJustice to determine whether the Freedom of
information Act requires disclosure of these records.

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

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

.13. 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 l974, 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 CooperationTreaty.

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 USC. mi)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(0).

:-l 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. 29-34 and 29-35. 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 ofa patent pursuant to 35 U.S.C. lST. Further, a record may be d osed, subject to the limitations of 37 CFR i.i4, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

 

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

“—

——

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced
Title of Invention: Therefrom

——

——

Payment information:

Submitted with Payment no

File Listing:

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

121169

 
Application Data Sheet 19920ads_CORR.pdf 788faaf9221f2b4d57feef9de72341b058d8

200b
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Information:

This is not an USPTO supplied ADS fillable form

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.

 

UW Exhibit 1002, pg. 137



UW Exhibit 1002, pg. 138

PTO-1390 (01-17)
Approved for use through 8/31/2019. OMB 0651-0021

US. Patent and Trademark Office; US. 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 fg‘ggeémike‘ N°'
DESIGNATE DIELECTED OFFICE (DO/EO/US) US. Application No. (if known, see 37 CFR 1.5)

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371

International Application No. International Filing Date Priority Date Claimed

panama/050613 08June 2015
Title of Invention

Electrode Materials for Rechargeable Zinc Cells and Batteries Produced Therefrom
First Named Inventor

Brian D. ADAMS

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

1. D This is an express request to 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 ofthe basic
national fee, copy ofthe International Application and English translation thereof (if required), and the oath or declaration of the
inventor(s) have been received.

A copy ofthe International Application (35 U.S.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)).

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

. has been previously submitted under 35 U.S.C. 154(d)(4).

An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4))

. E 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. B English translation ofthe PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)).

7. B 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. |:| Do not enter the amendment made in the international phase under PCT Article 19.

8b. |:| 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 US. 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. I: An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. I: A preliminary amendment.

11. An Application Data Sheet under 37 CFR 1.76.

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

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

14. D A computer-readable form ofthe sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1821-1825.

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

16. |:| 37 CFR 3.73(c) Statement (when there is an Assignee).

 
This collection of information is required by 37 CFR 1.414 and 1.491-1.492. The information is required to obtain or retain a benefit by the public, which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15
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, US. Patent and Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313-1450.
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PTO-1390 (01-17)
Approved for use through 8/31/2019. OMB 0651-0021

US. Patent and Trademark Office; US. 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.

us. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No.

PCT/CA2016/050613 19920NP

17. I Other items or information:

Copy of WO 2016/197236 A1 with the International Search Report

The following fees have been submitted. CALCULATIONS PTO USE ONLY

18- Basic nationalfee(37 CFR1.492(a)) $ 280 _
19. I Examination fee (37 CFR 1.492(c))

lfthe written opinion prepared by ISA/US orthe international preliminary
examination report prepared by lPEA/US indicates all claims satisfy provisions of
PCTArticle33(1)(4)$0
Allothersituations............ $720

Search fee (37 CFR 1.492(b))
lfthe written opinion prepared by ISA/US orthe international preliminary
examination report prepared by lPEA/US indicates all claims satisfy provisions of
PCT Article 33(1)-(4) $0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to
the USPTO as an International Searching Authority ....$120
International Search Report prepared by an ISA other than the US and provided to
the Office or previously communicated to the US bythe IB ..........$480
Allothersituations ............$600

E 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(j)).
Fee for each additional 50 sheets of paper or fraction thereof ............... $400

Number of each addition 50 or fraction

Total Sheets Extra Sheets thereof (round up to a whole number) RATE

Surcharge of $140.00 for furnishing any ofthe search fee, examination fee, or the oath or
declaration afterthe date of commencement of the national stage (37 CFR 1.492(h)).

CLAIMS NUMBER FILED NUMBER EXTRA RATE

Total claims - 20 = x $80

Independent claims x $420

MULTIPLE DEPENDENT CLA|M(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 =

Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by 1/2.

m [\J (D O

a 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 = $ 280

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 = m [\J (D O

Amount to be
refunded:
Amount to be

charged:

 
[Page 2 of 3]
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PTO-1390 (01-17)
Approved for use through 8/31/2019. OMB 0651-0021

US. Patent and Trademark Office; US. 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.

- D A check in the amount of $ to cover the above fees is enclosed.

Please charge my Deposit Account No. in the amount of $ to coverthe above fees.

The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. as follows:

E any required fee.

|:| any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim feerequired under 37 CFR1.492(f).
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 PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended 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 CFR1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

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

D This application (1) claims priority to or the benefit of an application filed before March 16, 2013, and (2) also contains, or contained atany time, a claim to a claimed invention that has an effective filing date on or after March 16, 2013.

NOTE 1: By providing this statement under 37 CFR1.55 or 1.78, this a Iication with a filin date on or after March 16 2013 will be
examined under the first inventor to file rovisions of the AIA.

NOTE 2: A US. national stage application may not claim priority to the international application of which it is the national phase. The filing
date of a US. national stage application is the international filing date. See 35 U.S.C. 363.

Correspondence Address

The address associated with Customer Number: 293

-—Telephone—
-—

/Ralph A. Dowell/ March 23, 2017

Ralph A. Dowell 26868

[Page 3 of 3]
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Privacy Act Statement

The Privacy Act of1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission ofthe 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
US. 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 US. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment ofthe
application or expiration ofthe 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 ofJustice to determine whether disclosure ofthese records is required by the
Freedom of Information Act.

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.
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.
A record in this system of records may be disclosed, as a routine use, to a contractor ofthe Agency having
need for the information in orderto perform a contract. Recipients of information shall be required to comply
with the requirements ofthe Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
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 ofthe World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
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(0)).
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 ofthat 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 forthis purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

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 ofa 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 ifthe 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.
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTOIAIAI14 (11-15)
Approved for use through 0413012017. OMB 0651-0032

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

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

Attorney Docket Number 19920NP 

Application Data Sheet 37 CFR 1.76 . .
Application Number

Title of Invention Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

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:

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

Inventor Information:

Remove
Inventor 1

Legal Name

 
Residence Information (Select One) US Residency 0 Non US Residency Active US Military Service

City Country of Resumei El

Mailing Address of Inventor:

Address 1 28 Morenz Drive

Address 2

City I itchell StateIProvince '0 N
Postal Code INOK 2N0 _I A
Inventor 7

Legal Name

 

   

 

 Middle Name Given Name Family Name Prefix

 
Residence Information (Select One) US Residency (9 Non US Residency Active US Military Service 
 

 

Mailing Address of Inventor:

Address 1 I 1 Oveltea Drive
Address 2

city I—staterprovince ~
Postal Code INZM 5C8 Countryi A

Inventor :

Legal Name
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PTOIAIAI‘I4 (11-15)
Approved for use through 04l30l2017. OMB 0651-0032

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

 

 
 

   
 

 

  

Attorney Docket Number 19920NP

Application Number

Electrode Materials For Rechargeable Zinc Cells and Batteries Produced Therefrom

Application Data Sheet 37 CFR 1.76

Title of Invention

  Middle Name Family Name 

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

Mailing Address of Inventor:

04 Fox Cove Place

I_staterprovince I-N
Postal Code INZK 4A7 _I A
All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

 

  
 

Address 1

Address 2
 

 
 

 

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

Email Address nowell@dowellpc_com Add Email

Application Information:

I——
I—:
—:

I_—I-
Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 1 “(CI and 37 CFR 1.57ta). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate sectionts) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information").

  

  
 

 
 

 
 

 
 

 
 
 

Title of the Invention

 

 
 

 

Attorney Docket Number

Application Type

Subject Matter
 

 
 

 

 
 

 

Total Number of Drawing Sheets (if any)

  
 

For the purposes of a filing date under 37 CFR I.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 157(3).
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Privacy Act Statement

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

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

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

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.

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 ofthe record.

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).

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 CooperationTreaty.

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(0).

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 of44 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.

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 ofa patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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(54) Title: ELECTRODE MATERIALS FOR RECIIARGEABLE ZINC CELLS AND BATTERIES PRODUCED TIIEREFROM

(57) Abstract: The present disclosure discloses
a rechargeable Zn battery based on layered/tun-
nelled structure vanadium/molybdenum oxides,
with/without the presence of neutral/cationic/an-
ionic species and/or water molecules inserted
into the interlayers/tunnels, of nano/micro-
particle morphology as robust materials for high
rate and long term reversible Zn2+ ion intercala-
tion storage at the positive electrode, that are
coupled with a metallic Zn negative electrode,
and an aqueous electrolyte. The positive elec-
trode may include electronically conducting ad-
ditives and one or more binders along With the
Zn“ intercalation material; the negative elec—
trode is Zn metal in any form; the aqueous elec-
trolyte is of pH 1 to 9 and contains a soluble
Zinc salt in a concentration range from 0.01 to
10 molar.
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ELECTRODE MATERIALS FOR RECHARGEABLE ZINC CELLS AND

BATTERIES PRODUCED THEREFROM

FIELD

This disclosure relates generally to batteries, and, more specifically to

zinc ion batteries involving zinc intercalation positive electrode materials, zinc

metal based negative electrodes in any form, and an aqueous electrolyte

containing zinc salt and batteries using these positive electrode materials.

BACKGROUND

Given the looming concerns of climate change, sustainable energy

resources such as solar and wind have entered the global spotlight, triggering

the search for reliable, low cost electrochemical energy storage. Among the

various options, lithium ion batteries are currently the most attractive candidates

due to their high energy density, and foothold in the marketplace. However,

many factors (cost, safety, and lifetime) will likely limit their large scale

applications, and dictate against their use in stationary grid storage where low

cost and durability are more of a concern than weight. What is needed is a high

energy density battery that is rechargeable, cheap, safe, and easy to

manufacture and dispose of or recycle. Aqueous batteries (water based

electrolytes) are therefore attracting tremendous attention. Their high

conductivity (up to 1 Siemens (8) cm") compared to the non-aqueous

electrolytes (0.001 to 0.01 S cm'1) also favour high rate capabilities suitable for

emerging applications.

The use of metallic negative electrodes is a means to achieve high

energy density and ease of battery assembly (hence lower cost). There is a
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trade-off between the reduction potential of a metal, E°, (low values give higher

cell voltages) and safety. Metals with low reduction potentials (e.g., lithium,

potassium, calcium, sodium, and magnesium) react with water to produce

hydrogen. However, zinc is stable in water and for that reason it has been used

as the negative electrode in primary aqueous battery systems. Moreover, zinc

has (a) high abundance and large production which makes it inexpensive; (b)

non-toxicity; (c) low redox potential (-0.76 V vs. standard hydrogen electrode

(SH E)) compared to other negative electrode materials used in aqueous

batteries; and (d) stability in water due to a high overpotential for hydrogen

evolution. The latter renders a large voltage window (~2 V) for aqueous zinc—ion

batteries (AZlBs) employing a metallic Zn negative electrode.

Vanadium and molybdenum are low cost metals possessing a range of

oxidation states (V: +2 to +5; Mo: +2 to +6), which allows for multiple redox and

hence large specific capacities for vanadium or molybdenum based electrode

materials. Layered VnOm (vanadium oxides: V205, V308, V4011) and MoOy

(molybdenum oxides) that are made of two dimensional sheet structures were

the subject of much past investigation for non—aqueous and aqueous alkali (Li

and Na) ion batteries. The additional presence of interlayer neutral molecules,

ions, metal ions and/or water of hydration in such layered oxides act as pillars,

providing structural stability during long term charge discharge cycling.

SUMMARY

The present disclosure discloses a rechargeable Zn battery based on

layered/tunnelled structure vanadium/molybdenum oxides, with/without the

presence of neutral/cationic/anionic species and/or water molecules inserted
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into the interlayers/tunnels, of nano/microparticle morphology as robust

materials for high rate and long term reversible Zn2+ ion intercalation storage at

the positive electrode, that are coupled with a metallic Zn negative electrode,

and an aqueous electrolyte. The positive electrode may include electronically

conducting additives and one or more binders along with the Zn2+ intercalation

material; the negative electrode is Zn metal in any form; the aqueous electrolyte

is may have a pH in a range of 1 to 9 and contains a soluble zinc salt which

may be in a concentration range from 0.01 to 10 molar.

Thus, disclosed herein is a zinc ion battery, comprising:

a positive electrode compartment having enclosed therein an

intercalation layered positive electrode material MXV205.nH20, wherein x is in a

range from 0.05 to 1, n is in a range from 0 to 2, wherein M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion, the

metal M ion being in a +2 to +4 valence state, and wherein said V205 is a

layered crystal structure having the metal ions M pillared between the layers,

and waters of hydration coordinated to the metal ions M;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating

the positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved

therein.

There is also disclosed herein a zinc ion battery, comprising:

a positive electrode compartment having enclosed therein and

intercalated layered positive electrode material MXV307.nH20, wherein x is in a
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range from 0.05 to 1, n is greater than 0 and less than 2, wherein M is any one

or combination of a d-block metal ion, f-block metal ion and alkaline earth ion,

the metal M ion being in a +2 to +4 valence state, and wherein said V307 is a

layered crystal structure having the metal ions M pillared between the layers,

and waters of hydration coordinated to the metal ions M and/or hydrogen

bonded to the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating

the positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved

therein.

There is also disclosed a zinc ion battery; comprising:

a positive electrode compartment having enclosed therein an

intercalated layered positive electrode material MXMoOy.nH20, wherein x is in a

range from O to 1, y is in a range from 2 to 3, n is in a range from O to 2,

wherein M is any one or combination of a d-block metal ion, f—block metal ion

and alkaline earth ion, the metal M ion being in a +2 to +4 valence state, and

wherein said MoOy has a layer or tunnel crystal structure, and the metal ions M,

if present, pillared between the layers, and waters of hydration coordinated to

the metal ions M pillared between the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc; a separator electrically insulating and permeable to

zinc ions separating the positive and negative compartments; and
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an electrolyte comprising water and having a salt of zinc dissolved

therein.

A further understanding of the functional and advantageous aspects of

the disclosure can be realized by reference to the following detailed description

and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure will now be described, by way of example

only, with reference to the drawings, in which:

Figure 1A shows a conceptual scheme of a zinc—ion battery constructed

in accordance with the present disclosure.

Figure 1 B is a cross section of a zinc-ion battery.

Figure 2 shows linear sweep voltammograms at 1 mV/s on Pt, Ti, and

Zn in 1 M NaZSO4 showing the onset of the hydrogen evolution reaction.

Figure 3 shows linear sweep voltammograms at 1 mV/s in 1 M Na2804

showing the hydrogen evolution reaction. The dotted voltammogram in (a)

shows zinc deposition on a zinc disk electrode in 1 M ZnSO4 for comparison.

Figure 4A shows cyclic voltammograms at 5 mV/s on a Ti disk

electrode.

Figure 4B shows cyclic voltammograms at 5 mV/s on stainless steel rod

in 1 M ZnSO4.

Figure 5 shows linear sweep voltammograms on a zinc disk electrode

(cathodic sweep) and a stainless steel disk electrode (anodic sweep) at 1 mV/s

in 1 M ZnSO4. The cathodic sweep on zinc shows zinc deposition and the

anodic sweep on the stainless steel shows the oxygen evolution reaction.
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These two electrochemical reactions dictate the potential operating window for

aqueous zinc-ion batteries using this electrolyte.

Figure 6A shows Rietveld refinement of H2V30s. Data points (circles);

calculated profile (line); difference profile (dotted line); Bragg positions (vertical

lines) are as indicated. Refined lattice parameters are a = 16.87 A, b = 9.332

(3) A, c = 3.63 A, and d = B = y = 90°. Inset shows the layered structure

projected in the ac plane. VOX polyhedra are shown in black.

Figure 6B shows the Rietveld refinement of Zn0_25V205_nH20. Data

points (circles); calculated profile (black line); difference profile (blue line) are as

indicated. Refined parameters are a = 10.75 A, b = 7.77 A, c: 10.42 A, or =

91.26°, (3 = 90.31 °, and y = 88.66°. The VOX and ZnOX polyhedra are shown in

black and grey, respectively.

Figures 7A, TB, 7C and 7D show a typical SEM image of the H2V308

(7A and 7B) and Zn0_25V205.nH20 (7C and 7D) nanofibers.

Figures 8A and BB show galvanostatic polarization curves for the (8A)

H2V308 and (BB) Zn0_25V205.nH20 electrodes at various current rates. Here, 10

is defined as 350 mA g'1 for H2V308 and 300 mA g'1 for Zn0_25V205.nH20.

Figures 9A. QB, QC and QD show specific capacity and coulombic

efficiency of the H2V308 (9A and QB) and Zno_25V205_nH20 (QC and 9D) as a

function of cycling at 40 (QA and QC) and 80 (QB and 9D) current rates.

Figures 10A and 103 show rate capability of the (QA) H2V308 and (QB)

Zn0_25V205.nH20 cells studied under variable current loading as a function of

cycling. The corresponding coulombic efficiencies are also shown.
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Figure 1 1 shows the tradeoff between energy and power density

(Ragone plot) for reversible Zn2+ storage in Zn0_25V205.nH20, H2V3OB, Mnog,

and Zn3[Fe(CN)6]2.

DETAILED DESCRIPTION

Various embodiments and aspects of the disclosure will be described

with reference to details discussed below. The following description and

drawings are illustrative of the disclosure and are not to be construed as limiting

the disclosure. Numerous specific details are described to provide a thorough

understanding of various embodiments of the present disclosure. However, in

certain instances, well-known or conventional details are not described in order

to provide a concise discussion of embodiments of the present disclosure.

The Figures are not to scale and some features may be exaggerated or

minimized to show details of particular elements while related elements may

have been eliminated to prevent obscuring novel aspects. Therefore, specific

structural and functional details disclosed herein are not to be interpreted as

limiting but merely as a basis for the claims and as a representative basis for

teaching one skilled in the art to variously employ the present disclosure.

As used herein, the term “about”, when used in conjunction with ranges

of dimensions, temperatures, concentrations or other physical properties or

characteristics is meant to cover slight variations that may exist in the upper

and lower limits of the ranges of dimensions so as to not exclude embodiments

where on average most of the dimensions are satisfied but where statistically

dimensions may exist outside this region.
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As used herein, the phrase “a negative electrode for storing zinc” means

that the negative electrode can incorporate and release zinc reversibly by

electrodeposition/dissolution (plating/stripping) of elemental zinc from/to the

electrolyte, by alloying/dealloying reaction, or the negative electrode comprises

a material that can store zinc by any one or combination of intercalation,

conversion, and capacitive storage (adsorption/deadsorption of Zn2+ ions).

Figure 1A shows a conceptual scheme of a zinc-ion battery shown

generally at 10, which includes an anode 12, and an intercalated layered

positive electrode material 14 separated by an electrolyte 16, with Figure 1A

showing diagrammatically the operation of the battery 10, namely during the

charging cycle Zn ions are attracted to the negative electrode 12, and during

the discharge cycle Zn ions are attracted to the intercalated positive electrode

material 14 into which they intercalate. Electrons flow through the external

circuit connecting the negative and positive electrodes which are used to do

work.

Figure 1 B is a cross section of an actual zinc-ion battery showing the

positive electrode 14 contained in a positive electrode compartment 20, the

negative electrode 12 contained in a negative electrode compartment 22, and

the electrolyte 16 contained in an electrolyte compartment 24 in which a

separator 28 which is electrically insulating and permeable to zinc ions

separating the positive and negative compartments is located. Non-limiting

examples of separator 28 include organic polymers (polyethylene (PE),

polypropylene (PP), poly(tetrafluoroethylene) (PTFE), poly(vinyl chloride)

(PVC)), polyvinylidene fluoride (PVDF), nylon, organic polymer-inorganic oxide,
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silica glass fiber, porous silica or alumina ceramic membranes, cellulose,

cellulose-ceramic oxide, wood, or any combination of these.

The present disclosure provides several embodiments of the intercalated

layered positive electrode material 14. In an embodiment the intercalation

layered positive electrode material 14 may be MXV205.nH20, where x is in a

range from 0.05 to 1, n is in a range from 0 to 2, and M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion with

the metal M ion being in a +2 to +4 valence state. The V205 has a layered

crystal structure having the metal ions M pillared between the layers, and

waters of hydration coordinated to the metal ions M. The number of waters of

hydration n in some embodiments may be greater than 0 and less than 1.

Some of the waters of hydration may be hydrogen bonded to the layers.

In a preferred embodiment x = 0.25, and n =1.

In another embodiment, the intercalated layered positive electrode

material 14 may be MXV307.nH20, wherein x is in a range from 0.05 to 1, n is

greater than 0 and less than 2. M is any one or combination of a d-block metal

ion, f-block metal ion and alkaline earth ion, with the metal M ion being in a +2

to +4 valence state. The V307 is a layered crystal structure having the metal

ions M pillared between the layers, and waters of hydration coordinated to the

metal ions M and/or hydrogen bonded to the layers. In an embodiment n is

greater than 0 and less than 1.

In a preferred embodiment x = 0.05, and n = 1.

In another embodiment, the intercalated layered positive electrode

material 14 may be MXMoOy.nH20, in which x is in a range from O to 1, y is in a

range from 2 to 3, and n is in a range from O to 2. M is any one or combination
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of a d-block metal ion, f-block metal ion and alkaline earth ion, with the metal M

ion being in a +2 to +4 valence state. The MoOy has a layer or tunnel crystal

structure, and the metal ions M, if present, are pillared between the layers, and

waters of hydration are coordinated to the metal ions M pillared between the

layers.

In some embodiments n is greater than 0 and less than 2. In some

embodiments the waters of hydration are hydrogen bonded to the layers.

In a preferred embodiment X = 0.25, y = 3 and n = 0.

The electrolyte 16 is an aqueous based electrolyte and contains a salt of

zinc dissolved therein. Non—limiting examples of the zinc salt comprises any one

or combination of zinc sulfate, zinc acetate, zinc citrate, zinc iodide, zinc

chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc triflate, zinc

bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc bromide to

mention a few.

The dissolved zinc is present in an amount in the liquid in a range from

about 0.01 to about 10 molar (M), and preferably is present in a range from

about 0.1 to about 4 M.

The electrolyte may have a pH in a range between 1 and about 8 but

preferably between 4 and about 8 and more preferably 4 to 7. The electrolyte is

an aqueous based electrolyte and may be just water containing the dissolved

salt of zinc, or additional solvents may be included, for example alcohols,

nitriles, carbonates, ethers, sulfoxides, glycols, esters, and amines. Typically,

the zinc salt may comprise anyone or combination of zinc sulfate, zinc acetate,

zinc citrate, zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc

phosphate, zinc triflate, zinc bis(trifluoromethanesulfonyl)imide, zinc

10
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tetrafluoroborate, and zinc bromide in 0.1 to 4 M concentration of Zn2+ with or

without the nonaqueous component and with or without additional ionically-

conductive salts such as quaternary ammonium salts or alkali metal salts.

The negative electrode may be made of a solid sheet, mesh, or rod of

zinc, or it may be comprised of a zinc layer formed on a current collector. When

the battery is assembled with metallic zinc contained in the negative electrode,

the battery is typically referred to as a zinc battery. This is opposed to a zinc ion

battery in which the negative electrode in its initial state does not contain any

zinc. The zinc layer may be a thin sheet of zinc or an alloy, or powder zinc

bonded adhered to the surface of the negative electrode facing into the

negative electrode compartment. The zinc may be a constituent of a formulation

which is adhered to the surface of the current collector. Non-limiting examples

of zinc alloys that may be used include alloys of zinc with lead, vanadium,

chromium, manganese, iron, cobalt, nickel, cadmium, tungsten, bismuth, tin,

indium, antimony, copper, and titanium.

The negative current collector is an electrically conductive support for

active zinc which may be comprised of any one or combination of carbon,

boron, lead, vanadium, chromium, manganese, iron, cobalt, nickel, cadmium,

tungsten, bismuth, tin, indium, antimony, copper, titanium, and zinc metal. A

feature of the negative electrode is that it comprises a material that can store

elemental zinc by any one or combination of intercalation, conversion, and

capacitive storage. In a conversion process, the electrochemical reaction of the

negative electrode material with zinc leads to its decomposition into two or

more products. In capacitive storage the Zn2+ ions are stored at the surface of

the negative electrode material by a non-faradic process.

11
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The intercalated layered positive electrode material may have different

morphologies. The intercalation layered positive electrode material 14 has a

nanostructured morphology. Preferably the average particle size is less than

1000 nm in a direction of Zn ion transport through the particle, and more

preferably less than 500 nm in a direction of Zn ion transport through the

particle. Non-limiting morphologies include nanowires, fibers, wires, cubes,

platelets, spheres, and uneven morphology. They may be simple particles. The

particles may have a mean size in a range from about 5 nm to about 50 pm.

The particles may be coated with electrically conducting material, in

which

the electrically conducting material is any one or combination of carbon powder

and conducting polymer. The particles may be embedded in an electrically

conducting matrix and the electrically conducting matrix may comprise any one

or combination of carbon and conducting polymer, and including a binder. The

binder may be any one or combination of styrene butadiene rubber (SBR),

sodium carboxymethylcellulose (CMC), polyvinyl acetate (PVAc), polyethylene

glycol (PEG), polybutyl acrylate (PBA), polyurethane, acrylonitrile, polypyrrole,

polyaniline, polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF),

perfluorosulfonic acid (PFSA), and poly(3,4-ethylenedioxythiophene) (PEDOT).

The zinc ion battery materials disclosed herein will now be illustrated by

the following non-limiting examples.

Examples

Two vanadium oxide based compounds with layered crystal structures

and in ultralong one-dimensional morphology exhibiting as robust host

materials for high rate and long term reversible Zn2+ ion storage in aqueous

12
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electrolyte were produced. Vanadium is a cheap and environmentally benign

metal possessing a range of oxidation states (+2 to +5), which allows for

multiple redox and hence large specific capacities for vanadium based

electrode materials. Particularly, oxides of vanadium e.g., V205 which is non-

toxic and produced in large quantities, displays numerous crystal and

compositional chemistries for reversible metal ion storage. Layered MXVnOm

oxides (M = metal ion) of compositions such as V205, V308, V4011 that are

made of two dimensional sheet structures have been the subject of intense

investigation for both non-aqueous and aqueous alkali (Li and Na) ion batteries.

The presence of interlayer metal ions and/or water of hydration act as pillars,

providing structural stability during long term charge discharge cycling.

Embodying such qualities are H2V308 and anV205.nH20, which we

have synthesized in nanofiber morphology by a simple and rapid microwave

hydrothermal treatment of V205, without using any toxic or corrosive chemicals,

and converted to freestanding film electrodes by adopting a cheaper and

greener water based electrode fabrication process. Nanomorphology and

compact film structure allows for facile release of strain resulting upon Zn2+

cycling, shorter ion diffusion paths, better interaction of carbon additives with

the active material and robust conductive wiring - facilitating high specific

capacities of ~300 mAh g"1 and long term cyclabilities up to 1000 cycles at high

coulom bic efficiency using fast current rates.

Experimental Methods

Synthesis 0f H2V308 and anV205

13
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Microwave solvothermal method developed over last two decades are

now often used to prepare positive electrode materials for lithium ion batteries.

In this work, we have modified a time consuming and energy expensive

hydrothermal approach used in the synthesis of single crystalline H2V308

nanobelt to a rapid and scalable microwave hydrothermal method for the

synthesis of highly homogeneous H2V308 and ZnXV205.nH20 nanofibers. In a

typical procedure, 3 to 4 millimoles (mmol) V205 was dispersed in 15:1

water/ethanol (v) mixture with or without stoichiometric amount of zinc acetate

(for anV205.nH20) and transferred to a sealed TeflonTM vessel. The vessels

were fitted to a rotor equipped with temperature and pressure sensors. The

rotor containing the vessels was then placed in a rotating platform for uniform

heating in an Anton Parr microwave synthesis system (Synthos 3000). The

system temperature was raised to 180°C in 10 minutes and maintained for 60

to 90 minutes. The preset temperature was maintained automatically by

continuous adjustment of the applied power (limited to 800 Watts). The as—

synthesized product was thoroughly washed with distilled water followed by a

small amount of iso-propanol and dried at 60°C for 24 h.

Characterization Methods

Powder X-ray diffraction was performed on a Bruker D8—Advance

powder diffractometer equipped with Vantec-f detector, using Cu-Kd radiation

(A: 1.5405A) in the range from 5°to 80° (26) at a step size of 0.025° using

Bragg-Brentano geometry. X—ray data refinement was carried out by

conventional Rietveld refinement method using the Bruker-AXS TOPAS 4.2

software (Bruker-AXS, 2008). The background, scale factor, zero point, lattice

parameters, atomic positions and coefficients for the peak shape function were

14
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iteratively refined until convergence was achieved. The morphologies of the

samples were examined by field-emission scanning electron microscopy (FE-

SEM, LEO 1530) equipped with an energy dispersive X-ray spectroscopy

(EDX) attachment.

Battery Cycling

For electrochemical performance evaluation, a freestanding film type

electrode was fabricated by a facile green approach. In a typical process,

nanofibers were mixed with conducting nanocarbon Super P® and water based

composite binder carboxymethylcellulose (CMC) and styrene-butadiene

rubber(SBR) (CMC/SBR: 2:1) in 70:27:3 weight ratio. The mixture was

dispersed in small amount of water by using an ultrasonic mixer to obtain a

stable homogeneous ink which was filtered through Durapore® DVPP 0.65 pm

filtration membrane. The water soluble CMC facilitates the dispersion of

hydrophobic carbon particles into water and enables its intimate mixing with the

nanofibers. Whereas SBR with high binding abilities for a small amount

provides adhesion and electrode flexibility. The binder molecules not involved in

this anchoring and adhesion get washed away during filtration and that way

electrode films with very small binder content is achieved. After drying at 60°C

the composite film automatically came off which was then punched into 1 cm2

electrode coins. The electrodes were further dried at 180°C for 1 h (H2V308) or

60°C for 12 h (for ZnXV205.nH20). The electrochemical properties were

investigated in PFA based Swagelok® type cell using 1 M ZnSO4 in water as the

electrolyte and titanium or stainless steel rods as the current collector. The

H2V308 or anV205.nH20 and zinc foil served as the positive and negative

15
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electrodes, respectively. Galvanostatic cycling studies were performed using

multichannel biologic VMP3 potentiostat/galvanostat.

Three-Electrode Electrochemical Measurements

The voltammetric electrochemical experiments were performed with a

three—electrode cell consisting of the working electrode, Pt mesh (1 cm2) as the

counter electrode, and an Ag/AgCl (3 M KCI) reference electrode. The working

electrodes examined were a Zn disk (cp = 2 mm), a Ti disk (cp = 2 mm), a

stainless steel rod (316 grade, (p = 12 mm), and the H2V30g composite

electrode. Cyclic voltammetry was performed at a scan rate of 5 mV/s and

linear sweep voltammograms were acquired at 1 mV/s. These techniques were

controlled with a CH|7OOE potentiostat (CH Instruments, Inc.). The electrolytes

used were 1 M NaZSO4 for the hydrogen evolution reaction and 1 M ZnSO4 for

zinc plating/stripping and the oxygen evolution reaction. All experiments were

performed at room temperature (23 i 2°C).

Results and Discussion

The operating voltage of all secondary aqueous batteries is limited by

the potentials for hydrogen evolution and oxygen evolution from water

electrolysis. Since both the hydrogen and oxygen evolution reactions (HER and

OER, respectively) are pH dependent (see reactions 2 to 5) and catalytic in

nature, the precise potential at which they occur is sensitive to the electrolyte

composition and electrode material. HER and OER occur during charge at the

negative and positive electrodes, respectively, and are displayed below in

reactions 2 to 5, while the zinc deposition reaction is shown in reaction 1:

Cathodic Reactions:

Zinc Deposition:

16
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(1) Zn2+ + 2e' —> Zn E°= -0.76 v vs. SHE

Hydrogen Evolution Reaction (HER):

(2) 2H20 + 2e" —> H2 + 20H" °= -0.83 V vs. SHE

(3) 2H+ + 2e" —> H2 E°= 0.00 V vs. SHE

Anodic Reactions:

Oxygen Evolution Reaction (OER):

(4) 4OH' —> 02 + 2H20 + 49' E °= 0.40 V vs. SHE

(5) 2H20 —> 02 + 4H+ + 4e' E°= 1.23 V VS. SHE

To examine the suitability of a metallic zinc negative electrode for

secondary zinc-ion batteries, linear sweep voltammetry was used to probe the

HER. In Figure 2, a zinc-ion-free (1 M NaZSO4) electrolyte was used which

contained the same concentration of the sulfate anion and similar pH value (4-

5) as the 1 M ZnSO4 electrolyte used for all other studies. Here, it can be seen

that the hydrogen evolution reaction has an overpotential of ~0.4 V with respect

to Pt on both zinc metal and titanium metal. Titanium was found to be an

excellent current collector for the negative, comparable to Zn itself, as evident

from Figure 3A, which also shows that zinc deposition on a zinc electrode in 1

M ZnSO4 occurs at a higher potential than the HER. Stainless steel was

deemed to be unsuitable as a current collector for the negative electrode as it

catalyzes the HER and competes with zinc electrodeposition (Figure 33).

On the other hand, zinc deposition and stripping was completely

reversible on titanium as displayed in Figure 4A. The coulombic efficiency

(Qox/Qred) was 100 % over 100 cycles on titanium with no loss in the electrical

charge (O) for deposition or stripping. Stainless steel suffered from a decay in

both Qred and QOX, even for the first 10 cycles (Figure 43). On stainless steel
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the coulombic efficiency was only 87 % for the first cycle and 74 % for the tenth

cycle. This shows that the excess charge during reduction (Qred) gOes towards

the HER.

Since the OER dictates the maximum potential for the positive electrode,

this was first examined on stainless steel, a practical current collector material.

Titanium also has a high overpotential for OER, however, we suspect that OER

on many Zn2+-intercalation materials will have activity similar to stainless steel

which is why we show the result for OER on stainless steel rather than titanium.

Figure 5 displays the linear voltammograms for Zn electrodeposition

onto a Zn disk and OER on a stainless steel rod in 1 M ZnSO4 at 1 mV/s. This

plot provides the maximum possible operating voltage window of a secondary

Zn-ion battery using 1 M ZnSO4 which is ~2.4 V. Obviously, the positive

electrode of choice must be tested, particularly if a high-voltage material is to be

used. In our case, the upper voltage cut-off for batteries with H2V308 and

anV205.nHZO are 1.1 V and 1.4 V respectively, which is well below the limit at

which OER will occur at these materials.

The hydrothermal method has evolved into an important wet chemistry

method for the synthesis of nanostructured vanadium oxide materials.

However, such process could though be time consuming, as in the synthesis of

H2V308 nanobelts which requires hydrothermal treatment of V205 in water for 2-

3 days at 210°C. By introducing the microwave heat treatment, we have

developed a versatile and scalable synthetic approach for the rapid synthesis of

ultralong H2V30g and ZnXV205.anO nanofibers. Water is known to strongly

interact with the microwave radiation via a dipolar-microwave interaction,

leading to rapidly superheated local regions in the reaction media. In contrast to
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typical hydrothermal methods where slow heating mainly occurs via thermal

conduction mechanism, heating of the entire reaction media through

penetration of microwaves triggers rapid intercalation-exfoliation and cleavage

of V205 into nanosheets and finally into H2V308 or ZnXV205.nH20 nanofibers.

Phase purity of the as—synthesized materials was confirmed by Rietveld

refinement of the powder diffraction pattern as shown in Figure 6A for H2V308

and Figure 6B for ZnXV205.nHZO. The XRD pattern in Figure 6A could be

refined to an orthorhombic Pnam V307.H20 (H2V30g) with the lattice

parameters of a = 16.87 A, b = 9.33 A, c = 3.63 A, and 01 = B = v = 90°. Here

V308 layers, which are constructed of V06 octahedra and V05 trigonal

bipyramids, are held by strong hydrogen bonding together with van der walls

interaction. The H20 molecule bound to the vanadium atom in place of one

oxygen in V06 octahedra creates hydrogen bond with the octahedra in the next

layer, forming a layered 3D structure. The hydrogen bonded layered structure is

found to be very stable up to a temperature of ~300 °C when the structure

dehydrates.

The pattern in Figure 6B was refined to a composition of Zn0_25V205.H20

crystallizing in P-1 triclinic system with lattice parameters of a = 10.75 A, b =

7.77 A, c = 10.42 A, 01 = 91 .26°, [3 = 90.31: and v = 88.66”, which closely

resemble the Zno_25V205.H20 phase for which the structure was solved by

single crystal diffraction. Here the structure consists of V205 layer, built up of

V06 octahedra, V05 trigonal bypyramids, and V04 tetrahedra, stacked along c

axis with the interlayer Zn atom coordinating to the oxygen apices on opposite

sides and the oxygen atoms of the in plane water molecules.
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SEM investigation as presented in Figures 7A, 7B, 7C and 7C reveals

highly uniform and ultralong one dimensional morphology for both the materials.

At a closer look, H2V30g (Figure 7A and 7B) appears to have a ribbon like

morphology and Zn0_25V205.H20 (Figure 7C and 7D) seems to adopt a feather

like structure. Both the fibers have a diameter of about 100 nm. To the

inventors’ knowledge, this is first time Zn0_25V205.H20 has been synthesized in

such nanomorphology.

Unlike conventional NMP (N-methyl-2—pyrrolidone) based Li-ion battery

electrode slurry fabrication, which is expensive and time consuming due to the

use of NMP, we have developed a novel and versatile electrode fabrication

approach in this work. A water based ink was prepared for both the material by

ultrasonic dispersion with conductive carbon and minimum (3%) amount of

aqueous based binder CMC and SBR. The ink was passed through a PVDF

based membrane filter resulting in a compact film, which upon drying (at 60°C)

spontaneously comes off the hydrophobic membrane due to the hydrophilic

nature of the oxide based electrode film. The wool like textile morphology of the

used materials facilitate dense mat type film electrode formation. Notably, the

thickness and the loading of the film can be easily varied by adjusting the

amount of ink and the PVDF membrane filter can be reused multiple times. The

use of water as the solvent and water based cheap binders along with the

recurring use of the PVDF filter membrane makes the process very cost

effective and environmentally green. The use of freestanding film electrode also

allow us to avoid possible corrosion issues of metal foil, which is otherwise

used to deposit an electrode film, and focus on electrochemical zinc storage

properties of the active materials only.
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The reversible electrochemical Zn2+ storage capabilities of H2V308 and

Zn0_25V205.HZO were explored in full cells by applying galvanostatic techniques.

The electrodes were studied in different voltage windows to elucidate the

optimal voltage range for highly reversible electrochemical cycling. Based on

this study, voltage windows of 0.4 V — 1.1 V and 0.5 — 1.4 V vs. Zn were

determined for the H2V308 and Zno_25V205.H20 electrodes, respectively, which

clearly fall within the safe operational window in aqueous electrolyte (1 M

ZnSO4 in H20) using Zn anode and Ti rod as the current collector (see

discussion above). Cycling in larger voltage window results in higher specific

capacities, but structural stress generated from the insertion of large amount of

zinc results in pulverization of the electrode and rapid capacity fading and

therefore was avoided. Moreover, a practical voltage window not only enable

better cyclability, but also ensure lesser voltage polarization and an adequate

operating voltage suitable for practical application.

Figures 8A and BB show the voltage polarization curves for the two

electrodes at different current rates. A rate of 10 (the C-rate is a measure of

rate at which the cell is discharged or charged relative to its maximum capacity;

a 10 rate means that the discharge/charge current will discharge/charge the

cell in 1 h) was defined as 350 mA g'1 and 300 mA g'1 for H2V3Os and

Zn0_25V205.H20 respectively, based on the highest capacity achieved at a

moderate current density. Figure 8A demonstrates the variation of cell voltage

for H2V308 electrode as a function of obtainable specific capacity. The voltage

profile shows a small plateau delivering ~1OO mAh g'1 of capacity at around 0.8

V, following which it varies in slope registering high specific capacity of 325

mAh g'1 and 270 mAh g"1 at high rates of 4c (1400 mA g'1 ) and 80 (2800 mA g'
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1), respectively. Depending on the applied current rates close to 1.5 to 2, Zn2+

ions are electrochemically intercalated during discharge. An average operating

voltage of ~O.64 V is obtained for this electrode irrespective of the rate. On the

contrary Zno_25V205.H20 electrode demonstrates a higher average operating

voltage of ~0.8 V at all current densities (Figure BB). This is most likely the

consequence of higher average oxidation state of V in Zno_25V205.H20 (V4'8+)

compared to that in H2V308 (V4'66+) including the effect from structural

energetics.

For Zn0_25V205.H20, typical discharge-charge polarization curves display

sloping behavior with some small plateau like feature, suggesting a dominant

solid-solution type process associated with electrochemical zinc (de)insertion.

Interestingly, at higher current rates, discharge-charge capacities increased

with cycling, reaching highest value after some cycling. This is most likely

related to the kinetic limitation of Zn2+ diffusion into the layered structure of the

electrode, requiring multiple discharge-charge cycles to open up accessible

intercalation sites, before optimal capacity could be achieved. The

Zn0_25V205.H20 electrodes registered a specific capacity of ~300 mAh g'1 (at

0/6: 50 mA g"), which is slightly lower than the H2V308 electrode. Typically,

about 1.2 Zn2+ ions are intercalated per mole of Zno_25V205.H20 during the

electrochemical discharge process. The high specific capacities obtained for

both materials can be ascribed to the large specific surface area and short

diffusion distances provided by the nanofiber morphology. It is also important to

note that for both the electrodes the voltage polarization curves recorded in the

subsequent cycles exhibit identical feature as the first cycle, indicating that the

initial structure is recovered at the end of each charge cycle.
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As a result of nanostructural morphology, flexible film like electrode

architecture, and structural reversibility upon Zn2+ de(interca|ation) both the

electrodes demonstrate superior cyclability at high current rates. Figures 9A to

9D show specific capacity and coulombic efficiency of the H2V308 (Figure 9A

and Figure QB) and Zno_25V205.H20 (Figure 9C and Figure 9D) as a function

of cycling at 4C (Figure 9A and Figure 9C) and 8C (Figure 9B and Figure 9D)

current rates (For the definition of C rate for H2V308 and Zn0_25V205.H20 see

above). As evident, the Zno_25V205.H20 based cell registered excellent

cyclability at 8C rate, retaining 80% of the initial specific capacity after 1000

cycles. At 40, a similar cell delivered 500 cycles with only 20% drop in the initial

capacity. Whereas, identical H2V308 cells demonstrated slightly inferior capacity

retention delivering about 40% and 30% of the initial reversible capacity at the

end of 300 and 500 cycles, when operated at current rate of 4C and 8C,

respectively.

It is important to note that the H2V308 cell showed distinctively better

cycling behavior at higher current rate (8C). This can be linked to the

comparatively lower amount Zn2+ intercalation per mole of H2V308, leading to

lesser structural strain, which ensures better cyclability. However this feature is

not very prominent for the Zno_25V205.H20 based electrode, which suggests

higher structural flexibility of Zn0_25V205.H20 towards Zn2+ (de)intercalation.

Higher structural flexibility granted by the presence of interlayer Zn2+ ions also

ensures excellent electrochemical cyclability of the Zno_25V205.H20 cells. On the

contrary, hydrogen bonded VOX interlayer in H2V308 lack structural rigidity and

flexibility of Zn0_25V205.H20, resulting in slightly poor capacity retention. For all

the studies nearly 100% coulombic efficiency was registered as a function of
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cycling, which further confirms the high degree of reversibility of

electrochemical Zn2+ (de)intercalation into the layered structure of presented

vanadium oxide materials.

By virtue of 1D nanomorphology and film like compact yet flexible

electrode architecture both the materials delivered splendid rate performance

under variable current loading as a function of cycling. Figure 10A shows rate

capability of H2V308 and Figure 103 shows rate capability of Zn0_25V205.H20

cell studied under variable current loading as a function of cycling. The

corresponding coulombic efficiencies are also shown. The results are shown in

Figures 10A and 1GB together with the corresponding coulombic efficiencies

registered at variable rates. As expected, Zno_25V205.H20 electrode

demonstrates better rate capability; starting with an initial capacity of 285 mAh

g'1 at 10 rate, the cell delivers 260 mAh g'1 of durable capacity at 80, which

reverts backto 285 mAh g'1 of capacity at 10 rate, nearly identical to the initial

10 capacity. Whereas H2V308, starting with a slightly higher initial 10 capacity

of 335 mAh g'1 falls to 222 mAh g'1 of capacity at 80 rate, which doesn’t

completely recover at 10 at the end of variable current load test. Similar to

electrochemical cyclability, better rate performance of Zn0_25V205.H20

compared to the H2V3OB electrode is attributed to its more robust and flexible

layered structure which is efficiently pillared by immobile Zn2+ ions. In both

cases, coulombic efficiency increases with current load, which is expected as

the unwanted side reactions are suppressed at higher current rates.

Based on the galvanostatic cycling and rate performance results, energy

and power densities could be calculated and are presented in the Ragone plot

shown in Figure 1 1. The specific energy density is the total energy that can be
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derived per unit mass of the active electrode material at the cathode. It is the

product of specific discharge capacity (0 in mAh g") based on the total mass of

the active electrode material and the operating voltage in one full discharge.

The power density is obtained from the product of current density and average

operating voltage.

As evident, beside good cyclability and excellent rate capability, both the

H2V308 and Zn0_25V205.H20 based cells delivers good energy density at high

power density in comparison to d-Mn02 (see reference 1) and Zn3[Fe(CN)6]2,

see reference 2. Zno_25V205.H20 exhibits the highest energy density of the three

positive electrodes at high power and delivers a steady and high energy density

over a wide range of power.

Conclusions

In summary, we have developed two novel layered vanadium oxide

nanomaterials for highly reversible Zn2+ storage at high current rates and long

term cyclability. Besides, a simple scalable microwave synthesis of vanadium

oxide nanomaterials and a versatile water based environmentally green

electrode fabrication process is presented. As has been found, presence of

stable interlayer species, e.g., H20 in H2V308 and Zn2+ and/or H20 in

Zn0_25V205.H20, plays pivotal role in stabilizing the layered structure against

repeated Zn2+ de(intercalation), and thereby enables long term cyclability with

high specific capacities. Although the average operating cell voltages (0.64 V

for H2V308 and 0.81 V for Zn0_25V205.H20) are rather modest, high specific

capacities of ~300 mAh g'1 ensure high energy density (230-280 Wh kg"),

highest on record among the known aqueous Zn-ion batteries (see Table 1
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below). Good energy density, impressive rate performance and cyclability, cost

effective scalable processing of raw materials and electrodes, and not the least

high abundance and production of zinc metal make these aqueous zinc ion

secondary cells viable candidates for large scale application like grid storage.

 

Positive/Negative Average Energy Capacity Reference

Electrodes Operating Density (Wh Retention (Rate)

Voltage (V) kg'l)
(x—MnOZ/Zn 1.3 V 225 75% After 100

cycles (6C rate) 1

Zinc- 1.7 V 100 75% After 100

hexacyanoferrate/Zn cycles (1C rate) 2

H2V308/Zn 0.64 V 230 70% after 500 Present

cycles (8C rate) Work

Zn0.25V205.HgO/Zn 0.81 V 280 80% after 1000 Present

cycles (8C rate) Work

Table 1. Operating voltage, energy density, and cycling performance of

different rechargeable aqueous Zn-ion batteries.

The foregoing description of the preferred embodiments of the present

disclosure has been presented to illustrate the principles of the invention and

not to limit the disclosure to the particular embodiments illustrated and

described. It is intended that the scope of the invention be defined by all of the

embodiments encompassed within the following claims and their equivalents.
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THEREFORE WHAT IS CLAIMED IS:

1. A zinc ion battery, comprising:

a positive electrode compartment having enclosed therein an intercalation

layered positive electrode material MxV205.nH20, wherein x is in a range from 0.05

to 1, n is in a range from O to 2, wherein M is any one or combination of a d-block

metal ion, f-block metal ion and alkaline earth ion, the metal M ion being in a +2 to

+4 valence state, and wherein said V205 is a layered crystal structure having the

metal ions M pillared between the layers, and waters of hydration coordinated to

the metal ions M;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

2. The zinc ion battery according to claim 1 wherein n is greater than 0 and

less than 1.

3. The zinc ion battery according to claims 1 or 2 wherein some of the waters

of hydration are hydrogen bonded to the layers.
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4. The zinc ion battery according to claims 1, 2 or 3 wherein the negative

electrode comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

5. The zinc ion battery according to claims 1, 2, 3 or 4 wherein the electrolyte

has a pH in a range from about 1 to about 8.

6. The zinc ion battery according to any one of claims 1 to 5 wherein the

electrolyte has a pH in a range from about 4 to about 8.

7. The zinc ion battery according to any one of claims 1 to 6 wherein the

intercalation layered cathode material has a nanostructured morphology which is

defined by an average particle size of less than or equal to 1000 nm in at least one

particle dimension.

8. The zinc ion battery according to claim 7 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

9. The zinc ion battery according to any one of claims 1 to 8 wherein the

intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

10. The zinc ion battery according to claim 9 wherein the particles are coated

with electrically conducting material.
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11. The zinc ion battery according to claim 10 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

12. The zinc ion battery according to claim 9 wherein the particles are

embedded in an electrically conducting matrix.

13. The zinc ion battery according to claim 12 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.

14. The zinc ion battery according to claim 13 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4-ethylenedioxythiophene) (PEDOT).

15. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises zinc metal.

16. The zinc ion battery according to claim 15 wherein the negative electrode is

a zinc metal electrode.
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17. The zinc ion battery according to claim 15 wherein the negative electrode is

a zinc alloy.

18. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

19. The zinc ion battery according to claim 18 wherein the layer of zinc

comprises powdered zinc metal.

20. The zinc ion battery according to claim 18 wherein the layer of zinc

comprises a sheet of zinc metal.

21. The zinc ion battery according to claim 18, 19 or 20 wherein the current

collector is comprised on any one or combination of carbon, boron, lead,

vanadium, chromium, manganese, iron, cobalt, nickel, cadmium, tungsten,

bismuth, tin, indium, antimony, copper, titanium, and zinc metal.

22. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.
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23. The zinc ion battery according to any one of claims 1 to 22 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.01 to about 10 molar.

24. The zinc ion battery according to any one of claims 1 to 23 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.1 to about 4 M.

25. The zinc ion battery according to claim 23 wherein the salt of zinc

comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate, zinc

iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc triflate,

zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc bromide.

26. A zinc ion battery, comprising:

a positive electrode compartment having enclosed therein and intercalated

layered positive electrode material MxV307.nHZO, wherein x is in a range from 0.05

to 1, n is greater than 0 and less than 2, wherein M is any one or combination of a

d-block metal ion, f-block metal ion and alkaline earth ion, the metal M ion being in

a +2 to +4 valence state, and wherein said V307 is a layered crystal structure

having the metal ions M pillared between the layers, and waters of hydration

coordinated to the metal ions M and/or hydrogen bonded to the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;
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a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

27. The material according to claim 26 wherein n is greater than 0 and less than

1 .

28. The zinc ion battery according to claims 26 or 27 wherein the negative

electrode comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

29. The zinc ion battery according to claims 26, 27, or 28 wherein the

electrolyte has a pH in a range from about 1 to about 8.

30. The zinc ion battery according to any one of claims 26 to 29 wherein the

intercalation layered positive electrode material has nanostructured morphology

which is defined by an particle size of less than or equal to 1000 nm in at least one

particle dimension.

31. The zinc ion battery according to claim 30 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

32. The zinc ion battery according to any one of claims 26 to 30 wherein the
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intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

33. The zinc ion battery according to claim 32 wherein the particles are coated

with an electrically conducting material.

34. The zinc ion battery according to claim 33 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

35. The zinc ion battery according to claim 32 wherein the particles are

embedded in an electrically conducting matrix.

36. The zinc ion battery according to claim 35 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.

37. The zinc ion battery according to claim 36 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4-ethylenedioxythiophene) (PEDOT).
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38. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises zinc metal.

39. The zinc ion battery according to claim 38 wherein the negative electrode is

a zinc metal electrode.

40. The zinc ion battery according to claim 38 wherein the negative electrode is

a zinc alloy.

41. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

42. The zinc ion battery according to claim 41 wherein the layer of zinc

comprises powdered zinc metal.

43. The zinc ion battery according to claim 41 wherein the layer of zinc

comprises a sheet of zinc metal.

44. The zinc ion battery according to claim 41, 42 or 43 wherein the current

collector is comprised of any one or combination of carbon, boron, lead, vanadium,
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chromium, manganese, iron, cobalt, nickel, cadmium, tungsten, bismuth, tin,

indium, antimony, copper, titanium, and zinc metal.

45. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.

46. The zinc ion battery according to any one of claims 26 to 45 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.01 to about 10 Molar.

47. The zinc ion battery according to any one of claims 26 to 46 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.1 to about 4 M.

48. The zinc ion battery according to any one of claims 26 to 47 wherein the salt

of zinc comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate,

zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc

triflate, zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc

bromide.

49. A zinc ion battery; comprising:

a positive electrode compartment having enclosed therein an intercalated

layered positive electrode material MxMoOthgO, wherein x is in a range from 0 to
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1, y is in a range from 2 to 3, n is in a range from O to 2, wherein M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion, the

metal M ion being in a +2 to +4 valence state, and wherein said MoOy has a layer

or tunnel crystal structure, and the metal ions M, if present, pillared between the

layers, and waters of hydration coordinated to the metal ions M pillared between

the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

50. The zinc ion battery according to claim 49 wherein the negative electrode

comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

51. The zinc ion battery according to claims 49 or 50 wherein the electrolyte has

a pH in a range from about 1 to about 8.

52. The zinc ion battery according to any one of claims 49 to 51 wherein the

electrolyte has a pH in a range from about 4 to about 8.

53. The zinc ion battery according to any one of claims 49 to 52 wherein the

intercalation layered positive electrode material has nanostructured morphology
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which is defined by a particle size of less than or equal to 1000 nm in at least one

particle dimension.

54. The zinc ion battery according to claim 53 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

55. The zinc ion battery according to any one of claims 49 to 54 wherein the

intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

56. The zinc ion battery according to claim 55 wherein the particles are coated

with electrically conducting material.

57. The zinc ion battery according to claim 56 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

58. The zinc ion battery according to claim 55 wherein the particles are

embedded in an electrically conducting matrix.

59. The zinc ion battery according to claim 58 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.
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60. The zinc ion battery according to claim 59 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4-ethylenedioxythiophene) (PEDOT).

61. The zinc ion battery according to any one of claims 49 to 60 wherein the

negative electrode comprises zinc metal.

62. The zinc ion battery according to claim 61 wherein the negative electrode is

a zinc metal electrode.

63. The zinc ion battery according to claim 61 wherein the negative electrode is

a zinc alloy.

64. The zinc ion battery according to any one of claims 49 to 60 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

65. The zinc ion battery according to claim 64 wherein the layer of zinc

comprises powdered zinc metal.
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66. The zinc ion battery according to claim 64 wherein the layer of zinc

comprises a sheet of zinc metal.

67. The zinc ion battery according to claim 64, 65 or 66 wherein the current

collector is comprised on any one or combination of carbon, boron, lead,

vanadium, chromium, manganese, iron, cobalt, nickel, cadmium, tungsten,

bismuth, tin, indium, antimony, copper, titanium, and zinc metal.

68. The zinc ion battery according to any one of claims 49 to 67 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.

69. The zinc ion battery according to any one of claims 49 to 68 wherein the

electrolyte further comprises water said dissolved zinc present in a range from

about 0.01 to about 10 molar.

70. The zinc ion battery according to any one of claims 49 to 69 wherein the

electrolyte further comprises water said dissolved zinc present in a range from

about 0.1 to about 4 M.

71. The zinc ion battery according to any one of claims 49 to 70 wherein the salt

of zinc comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate,
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zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc

triflate, zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc

bromide.

72. The zinc ion battery according to any one of claims 49 to 71 wherein n is

greater than 0 and less than 2.

73. The zinc ion battery according to any one of claims 49 to 72 wherein some

of the waters of hydration are hydrogen bonded to the layers.
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International application No.

PCT/CA2016/050613
INTERNATIONAL SEARCH REPORT

CLASSIFICATION OF SUBJECT MATTER

IPC: H01M [0/36 (2010.01) , H01M4/42 (2006.01), H01M4/485 (2010.01)

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)
PC (2010.01): H01M 10/36, H01M 4/485; IPC (2006.01): H01M 4/42

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

Electronic database(s) consulted during the international search (name of database(s) and, Where practicable, search terms used)

Databases: QUESTEL, Canadian Patent Database, CIPO Library Discovery Tool
Keywords: battery, cell, electrochemical, zinc, vanadium, vanadium oxide, vanadium pentoxide, znxv2o5 or znv205 or mxv2o5, cathode,
positive, aqueous, water, alkaline

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, Where appropriate, of the relevant passages Relevant to claim No.

WO 2013/112660 A1 (ADAMSON at al.) 1 August 2013 (01-08-2013)
*whole document*

US 5,336,572 (KOKSBANG) 9 August 1994 (09-08-1994)
*Whole document*

US 2013/0157138 A1 (METTAN et al.) 20 June 2013 (20-06-2013)
*Whole document*

CN 102110858 (WANG et al.) 29 June 2011 (29-06-2011), abstract and machine English
translation of description.

LE et al., “Intercalation of Polyvalent Cations into V205 Aerogels”, Chemistry ofMaterials,
Volume 10 (3) (1998), Pages 682—684.

V Further documents are listed in the continuation ofBox C. V See patent family annex.

Special categories of cited documents: later document published after the international fiiing date or priority
document defining the general state of the art Which is not considered date and not in conflict With the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

’ earlier application or patent but published on or after the international “ ” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document Which may throw doubts on priority claim(s) or which is step When the document is taken alone
cited to establish the publication date of another citation or other “ ” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step When the document is
document referring to an oral disclosure, use, exhibition or other means combined With one or more other such documents, such combination

being obvious to a person skilled in the art
“P” document published prior to the international filing date but later than “ ” document member of the same patent family

the priority date ciaimed

Date Of the actual completion 0f the international search Date of mailing of the international search report
12 September 2016 (12-09-2016) 21 September 2016 (21-09-2016)

Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C1 14 - 1st Floor, Box PCT Philip Gbor (819) 639-8475
50 Victoria Street

Gatineau, Quebec KIA 0C9
Facsimile No.: 819-95 3-2476

Form PCT/lSA/210 (second sheet) (January 2015) Page 3 of 6
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International application No.

INTERNATIONAL SEARCH REPORT PCT/CA20 1 6/0506] 3

C (Continuation). DOC UMEN'l‘S CONSIDERED '10 BE RELEVAN '1‘

Citation of document, With indication, Where appropriate, of the relevant passages Relevant to claim NO.

JIAIIONG et al., “AC Impedance Study of the Aqueous Zn/V205 Secondary Battery”,
ACTA PHYSICOCHIMICA SINICA, Volume 16, No. 5 (2000), Pages 454-458 (abstract;
and Figure 1).

GIORGFTTI et al., “Identification ()Fan unconventional zinc coordination site in
anhydrous anV205 aerogels from x-ray absorption”, Chemistry ofMaterials, Volume
11(8) (1999), Pages 2257-2264.

ZHANG et al., “Hydrothermal synthesis and characterization of a series of novel zinc
vanadium oxides as cathode materials”, Materials Research Society Symposium -
Proceedings, Materialsfor Electrochemical Energy Storage and Conversion [1 - Batteries,
Capacitors anal Fuel Cells, 496 (1998), Pages 367-372) .

 
Form PCT/ISA/210 (continuation of second sheet) (January 2015) Page 4 of 6
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International application No.

INTERNATIONAL SEARCH REPORT PCT/CAZOI 6/050613

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

This international search report has not been established in respect of certain claims under Article l7(2)(a) for the following reasons:

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

Claim 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:

Claim Nos.:

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

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:

Group A: Claims 1-25

Group B: Claims 26-48

Group C: Claims 49-73
Continued on extra sheet

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

 
As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of additional
fees.

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 claim Nos.:

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 claim Nos:

Remark 011 Protest 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.

No protest accompanied the payment of additional search fees.

 
Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015) Page 2 of 6
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INTERNATIONAL SEARCH REPORT

Information on patent family members

Patent Document Publication

Cited in Search Report Date

WO2013112660A1 01 August 2013 (01-08-2013)

Patent Family
Member(s)

WO2013112660A1
U82015244031A1

International application No.

PCT/CA2016/050613
Publication
Date

01 August 2013 (01-08-2013)
27 August 2015 (27-08-2015)

 

U85336572A 09 August 1994 (09—08—1994) U85336572A
AU 7104594A
WO9429913A1

09 August 1994 (09—08—1994)
03 January 1995 (03-01-1995)
22 December 1994 (22—12—1994)

 

U82013157138A1 20 June 2013 (20-06-2013) U82013157138A1
US9023527BZ
EP2607319A1
EP2607319B1

20 June 2013 (20-06-2013)
05 May 2015 (05-05-2015)
26 June 2013 (26-06-2013)
25 February 2015 (25—02—2015)

 

CN102110858A 29 June 2011 (29-06-2011) CN102110858A
CN1021108588

29 June 2011 (29-06-2011)
17 April 2013 (17-04-2013)

 

Form PCT/ISA/ZlO (patent family annex) (January 2015)

 
Page 5 of6
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International application No.

INTERNATIONAL SEARCH REPORT PCT/CAZOI 6/050613
Continuation of Box No. 111

The lntemational Searching Authority Found multiple (groups ol) inventions in this intemational application, as Follows:

Group A:
Claims 1-25 are directed to a zinc ion battery, comprising: a positive electrode compartment having enclosed therein the electrode material
MXV205.nH20, wherein M is any one or combination of a d-block metal ion, f—block metal ion and alkaline earth ion, the metal M ion being in a
+2 to +4 valence state; a negative electrode compartment having enclosed therein a negative electrode for storing zinc; a separator; and an
electrolyte.

Group B:
Claims 26-48 are directed to a Zinc ion battery, comprising: a positive electrode compartment having enclosed therein the positive electrode
material MXV107IIH20, wherein M is any one or combination of a d-bloek metal ion, f—block metal ion and alkaline earth ion, the metal M ion
being in a +2 to +4 valence state; a negative electrode compartment having enclosed therein a negative electrode for storing zinc; a separator; and
an electrolyte.

Group C:
Claims 49-73 are directed to a zinc ion battery; comprising: a positive electrode compartment having enclosed therein the positive electrode
material MxMoOVanO, wherein M is any one or combination of a d-bloek metal ion, f—bloek metal ion and alkaline earth ion, the metal M ion
being in a +2 to +4 valence state; a negative electrode compartment having enclosed therein a negative electrode for storing zinc; a separator; and
an electrolyte. 

Form PCT/ISA/210 (extra sheet) (January 2015) Page 6 of 6
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Electronic Patent Application Fee Transmittal

——

ELECTRODE MATERIALS FOR RECHARGEABLE ZINC CELLS AND BATI'ERIES

“"9 0f '“Venmn‘ PRODUCED THEREFROM

First Named Inventor/Applicant Name: Brian D. ADAMS

Attorney Docket Number: 19920NP

Filed as Large Entity

Filing Fees for US. National Stage under 35 USC 371

Sub-Total in

Description Fee Code Quantity USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-lnterference:

Post-Allowance-and-Post-lssuance:
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Electronic Acknowledgement Receipt

“—

ELECTRODE MATERIALS FOR RECHARGEABLE ZINC CELLS AND BATI'ERIES

““9 °f '“Venmn‘ PRODUCED THEREFROM

——
——

——

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

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

333998

Transmittal of New Application 19920trans.pdf 14cc320ddd0e85f172333af763cbdce72f91
d855.I -I

a”.oq3W =-o7:

1823555

Application Data Sheet 19920ads.pdf 0c3689f41d1602708686d1272531382d4d1
6b0b6-

a”.oqEW =-oi

3678733

19920WOapp.pdf f743837f00332c6f2f8005117da11dc5b8ec3
85d -

Multipart Description/PDF files in .zip description

Document Description

Specification

Drawings—only black and white line drawings

ON _IDocuments submitted with 371 Applications

||||||H|||||
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Fee Worksheet (SBO6) fee—info.pdf 6d5315d85e606ebcc8609e98d1d9235339
aefcc -
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Total Files Size (in bytes) 5866477

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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WIPO

D' 't IA S _ WORLDIgl a 66655 el‘Vlce INTELLECTUAL PROPERTY
(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A

DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated

below has been available to the WIPO Digital Access Service since the date of

availability indicated, and that the patent application has been available to the

indicated Office(s) as of the date specified following the relevant Office code:

 

Document details: Country/Office: US

Filing date: 08 Jun 2015 (08.06.2015)

Application number: 62230502

Date of availability of document: 07 Jul 2015 (07.07.2015)

The following Offices can retrieve this document by using the access code:

JP, US, SE, NZ, KR, ES, GB, AU, IB, CN, Fl

Date of issue of this certificate: 13 Jul 2016 (13.07.2016)

34, ohemin des Colombettes

1211 Geneva 20, Switzerland  
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U.S. PTO

   

 

 
 

O

R; 62/230502_L

" Doc Code: TR.PROV 06/08/2015
CDocument Description: Provisional Cover Sheet (8816)
‘(D PTO/88MB (11-08)_ Approved for use through 05/31/2015. OMB 055170032
"0 ' U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
—| Under the PapenNork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control numberC: 

- Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

lnventor(s)
 

 
 

Inventor 1

——
Inventor 2

 

  
 

 

Given Name Middle Name  Family Name City
 

  

  
 

  
 
 

 

 
 

Dipan Kundu Kitchener

 
 

Inventor 3

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

Title of Invention Aqueous Zn-Ion Batteries Using a Metallic Zinc Negative Electrode andVanadate Posmve Electrodes

Attorney Docket Number (if applicable)
 

Correspondence Address

 
 

  
  

  
  
  

Direct all correspondence to (select one):

Q The address corresponding to Customer Number @ Firm or Individual Name

Firm or Individual Name 1 University of Waterloo

Firm or Individual Name 2 Waterloo Commercialization Office

Mailing Address of Applicant:

Address 1 Office of Research

Address 2 200 University Avenue West

Postal Code N2L 361 Country i
  
  

  Ph°ne 519-888-4567 ext. 33300 

EFS - Web 1.0.1
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SBI16 (1108)

Approved for use through 05/31/201 5. OMB 0651-0032
US. Patent and Trademark Office: US. DEPARTMENT OF COMMERCE

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

 

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

O Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is:

0 Yes, the invention was under a contract with an agency of the United States Government. The name of the US.Government agency and Government contract number are:

 

EFS - Web 1.0.1
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (8816)
PTO/53116 (11.03)

Approved for use through 0531/2015. 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

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

6) Applicant asserts small entity status under 37 CFR 1.27

0 Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. lfthis type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non—publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available. 

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

First Name Linda Last Name Nazar Registration Number
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours 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, US. Patent and Trademark Office, U.S. Department
of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

 
EFS - Web 1.0.1
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (8816)
PTO/53MB (1 1-08)

Approved for use through osmrzors. OMB 0651-0032U.S. Parent and Trademaflt Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork RedudJon Act of 1995. no person: am required to respond to a coiloctlon of information unless it displays a valid OMB control number

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

G) Applicant asserts small entity status under 37 CFR 1.27

0 Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security num bers. bank account numbers. or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO. petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(3) is made in the
application) or issuance of a patent. Furthermore. the record from an abandoned application may also be available to the
public it the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Please see 37 CFR 1 .4(d) for the form of the signature.

First Name Linda Last Name Registration Number
(If appropriate)

This collection of information is required by 37 CFR 1.51. The informationIs required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours 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 lnfon'nation Ofi‘icer. u.s. Patent and Trademark Office. US. Department
of Commem, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. 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 US. 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 US. 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.

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.

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.

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).

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.

A record in this system of records may be disclosed. as a routine use. t o a n other 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)).

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.

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 it 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.

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

PTO/SB/17 (10-12)
Approved for use through 01/31/2014. OMB 0651-0032

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Pa nerwork Reduction Act of 1995 no ersons are re-uired to res -ond to a collection ofinformation unless it disla s a valid OMB control number

FEE TRANSMITTAL

E] Applicant claims small entity status. See 37 CFR 1.27
TOTAL AMOUNT OF PAYMENT (5) 1 30 Practitioner Docket No.

METHOD OF PAYMENT (check all that apply)

|:] Check [3 Credit Card (:1 Money Order I: None I: Other(please identify):

(El Deposit Account Deposit Account Number: 501411 Deposit Account Name: Fikre Tekeste. Questel
For the above-identified deposit account, the Director is hereby authorized to (check all that apply):

El Charge fee(s) indicated below E] Charge fee(s) indicated below, except for the filing fee

   
 

 
  Application Number
 
  

 

 
 

Filing Date

First Named Inventor Linda Nazar 
 

 
 
 

 

 
 

   

E] Charge any additional fee(s) or underpayment of fee(s) I: Credit any overpayment of 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
FILING FEES SEARCH FEES EXAMINATION FEES

Application Type Fee (S) Small Entig Fee (5) Fee is) Small Entity Fee (5), Fee ($1 Small Entity Fee (S) Fees Paid ($1
Utility 390 195 620 310 250 125
Design 250 125 120 60 160 80
Plant 250 125 380 190 200 100
Reissue 390 195 620 310 760
Provisional 250 125 O 0 O O

2. EXCESS CLAIM FEES

Fee Description Fee (S) Small Entity Fee (S)
Each claim over 20 (including Reissues) 62 31
Each independent claim over 3 (including Reissues) 250 125
Multiple dependent claims 460 230
Total Claims Extra Claims Fee (S)

-20 or HP = x Multiple Dependent Claims
HP = highest number of total claims paid for, if greater than 20. Fee (5) Fee Paid (fl
Indep. Claims Extra Claims Fee (S)

-3 or HP = x

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

lfthe 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 $320 ($160 for small entity) for each additional 50 sheets orfraction 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 (5) Fee Paid (S)

- 100 = /50 = (round up to a whole number) x

4. OTHER FEE(S) Fees Paid IS)

Non-English specification, $130 fee (no small entity discount)

Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee (5200 small entity)
 

Other (e.g., late filing surch ge)!
SUBMITTED BY

Signature “Wm“ ”°' Telephone 703—51 9—5744(Attorney/Agent)

Name (Print/Type) ’ Dat206/08/2015
This collection ofinfor ation is required by 37 CFR 1136. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutesto 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.5. Patent and
Trademark Office, U.S. Department of Commerce, PO. 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.

Ifyou need assistance In completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly. pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the US 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 US. 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.
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.
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.
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).
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.
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)).
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.
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.
A record from this system of records may be disclosed. as a routine use, to a Federal. State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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PTOIAIA/14 (12-13)
Approved for use through 01/31l2014. OMB 0551-0032

US. Patent and Trademark Office; US. 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 numbers

_ . —_
Application Data Sheet 37 CFR 1.76

Application Number  

Title of Invention Aqueous Zn-Ion Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes
 

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

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

Inventor Information:

Inventor

Legal Name 

Prefix Given Name Middle Name Family Name  

Faye Nazar

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service

 

 

City Waterloo Country of Residence I

 

Mailing Address of Inventor:

Address 1 45-225 Benjamin Road

Address 2

Inventor 2

Legal Name

-__—-
Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service

 

Mailing Address of Inventor:  

Address 1 1012 - 11 Overlea Drive

City Kitchener State/Province ON
Postal Code N2M 5C8

Inventor 3

Legal Name

EFS Web 2.2.11
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PTO/AlA/14 (1 24:»
Approved for use through 01/31/2014. 0MB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coiiection of information unless it contains a valid OMB control number. 

Attorney Docket Number
Application Data Sheet 37 CFR 1.76 . _

_— Title of Invention Aqueous Zn-lon Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Given Name Middle Name Family Name

——_-
Residence Information (Select One) 0 US Residency 6) Non US Residency 0 Active US Military Service

Mailing Address of Inventor:

Postal Code NOK 1N0 Countryi CA

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

  

 

  
  
 

 

 

 

  
   
  

  

    
Correspondence Information:

 
 

  

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

 
 

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

 
 
 

Name 1 WatCo, Office of Research University of Waterloo

Address 1 200 University Avenue West

Email Address zadilsky@uwaterloo.ca w

Email Address sbagheri@uwaterloo.ca I Add Email i Remove Email

 

  
  

  

   
  
 
 
 

 

   

Application Information:

Title of the Invention Aqueous Zn—Ion Batteries Usmg 3 Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Attorney Docket Number Small Entity Status Claimed 

Application Type Provisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any) -
Filing By Reference:

  
EFS Web 2.2.11
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PTOIAIA/14 (1213)
Approved for use through 01/31/2014. OMB 0551-0032

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

Attorney Docket Number
Application Data Sheet 37 CFR 1.76 . .

—_

Title of Invention Aqueous Zn-Ion Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Only complete this section when filing an application by reference under 35 U.S.C. 1 1 1 (c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information“ and "Foreign Priority Information").

For the purposes of a filing date under 37 CFR 1.S3(b), the description and any drawings ofthe present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR I.57(a).  

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

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

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

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

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used forthe Representative Information during processing.

Please Select One; @ Customer Number 0 US Patent Practitioner O Limited Recognition (37 CFR 11.9) 

Customer Number

 
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 PCI' application. Providing this information in the application data sheet constitutes the specific reference required
by 35 U.S.C. 119(e) or 120. and 37 CFR 1.78.
When referring to the current application, please leave the application number blank. 

Prior Application Status

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

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

 
Foreign Priority Information:  

EFS Web 2.2.11
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PTO/AlA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032

US, Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a coltection of information unless it contains a valid OMB control number.
 

Attorney Docket Number

Application Number

Title of Invention Aqueous Zn-Ion Batteries Using 3 Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Application Data Sheet 37 CFR 1.76

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.5_5(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to

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

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

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

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

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

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

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[:| 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA.
 

Authorization to Permit Access:

‘IZ Authorization to Permit Access to the Instant Application by the Participating Offices
 

EFS Web 2.2.11
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PTO/AlA/14 (12-13)
Approved for use through 0113112014. OMB 0651-0032

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

Application Data Sheet 37 CFR 1.76 _ _

Title of Invention Aqueous Zn-lon Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WlPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h), This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

 
 

   
  

 
 
 

 
 

 
  

   
   In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application
claims priority under 35 U.S.C. 119(a)—(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any US. application-as-filed from which benefit is
sought in the instant patent application.

 
  
  

 
 In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date 0 ffiling this Authorization. 

 

 
 

Applicant Information:

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

 

  
 
 

Applicant 1

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

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

0 Person to whom the inventor is obligated to assign. 0 Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally lncapacitated Inventor::
If the Applicant is an Organization check here. D

 

 

  
  

  
 

 

 

0 Joint Inventor 
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PTO/AIN14 (1 2-1 3)
Approved for use through 01/31/2014. OMB 0651-0032

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

 

 
 

  

 
 
 

 
Attorney Docket Number

Application Data Sheet 37 CFR 1.76 , g
——

Title of Invention Aqueous Zn-lon Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Mailing Address Information For Applicant:

Address 2

City State/Province

Country} Postal Code

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

 

  

 

  
Assignee Information including Non-Applicant Assignee Information:

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

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

If the ASSIgnee or Non-Appllcant ASSIgnee Is an Organization check here [:|

Mailing Address Information For Assignee including Non-Applicant Assignee:

   

 
 
  
  
  
 

   
  

 

 
 

  

Address 1

Address 2

Phone Number Fax Number

 
 

 
 

 
 
 

 
   

 

 

Email Address 

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

EFS Web 2.2.11
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PTO/AlA/14 (12-13)
Approved for use through 01/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. 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.

Application Data Sheet 37 CFR 1.76 _ _

Title of Invention Aqueous Zn-Ion Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes

Signature:

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

Signature /Linda Nazar/ Date (YYYY-MM-DD)

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

Signature:

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

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

 

   
  

 

 
 

 

 

 
 

 
 

  

  
  

 
 

Signature:

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

Signature lBrian Adams/ Date (YYYY—MM—DD)

First Name Brian Last Name Adams Registration Number

 

 

 

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

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, US. Patent and
Trademark Office, US. 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.0. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.11
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Privacy Act Statement

The Privacy Act of 1974 (PL. 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 US. 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 US, 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. 5523). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of information Act requires disclosure of these records.

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 ofthe record.

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. 5523(m).

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 C o o p eration Treaty.

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)).

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 use. 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.

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. 1 51. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public ifthe record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

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

 
EFS Web 2.2.11
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Aqueous Zn-Ion Batteries Using a Metallic Zinc Negative Electrode

and Vanadate Positive Electrodes

Inventors:

Dr. Linda Faye Nazar, (Professor, University of Waterloo), 225-45 Benjamin Rd. Waterloo,

Ontario, N2V 123 (Canadian Citizen)

Dr. Dipan Kundu, (Researcher, University of Waterloo), 1 1 Overlea Dr, # 1012, Kitchener ON

N2M 5C8 (lndian Citizen)

Brian David Garnett Adams, (Researcher, University of Waterloo), 228 Morenz Dr., Mitchell

ON NOK 1N0 (Canadian Citizen)

The United States Government has rights in this invention pursuant to DOE-FOA-0000559,

Energy Innovation Hub — Batteries and Energy Storage, and [ANL Subcontract No. 3F-32281],
issued under DOE Prime Contract No. DE-AC02-06CH1 1357 between the United States

Government and UChicago Argonne, LLC representing Argonne National Laboratory.

What is claimed here are material composition and method of synthesis for Aqueous Zn-lon

Batteries Using a Metallic Zinc Negative Electrode and Vanadate Positive Electrodes, related to

the field of rechargeable Zinc—Ion batteries and their applications in power storage, as generally

and as specifically described herein;

Abstract

The present invention pertains to claims related to a low cost rechargeable Zn battery based on a

cathode comprised of nanostructured hydrated vanadium oxides as robust materials for high rate

and long term reversible Zn2+ ion intercalation storage at the cathode, that are coupled with a

metallic Zn anode, and an aqueous electrolyte. Vanadium possesses a range of oxidation states

(+2 to +5), which allows for multiple redox and hence large specific capacities. Layered

ManOm oxides (M = metal ion) of compositions such as V205, V308, V401. - that are made of

two dimensional sheet structures - have been the subject of intense investigation for both non—

aqueous and aqueous alkali (Li and Na) ion batteries. The additional presence ofinterlayer metal

ions and/or water of hydration in such layered oxides act as pillars, providing structural stability

during long term charge discharge cycling. Two vanadates that embody such qualities are

H2V303 and anVZOS, which we have synthesized in nanofiber morphology by a simple and

rapid microwave hydrothermal method, without using any toxic or corrosive chemical. These

are converted to freestanding film electrodes by adopting a low-cost and green, water based

electrode fabrication process. The nanomorphology of the product and compact film structure

allows for facile release of strain resulting upon Zn2+ cycling, short ion diffusion paths, good

interaction with carbon additives with the active material and robust conductive wiring at the

cathode. An additional contribution to the technology is the use ofa titanium or titanium coated
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current collector for Zn deposition at the negative electrode. This material has a substantial

overpotential for hydrogen evolution, which is comparable to Zn itself. This combination

facilitates high specific capacities of up to 350 mAh g" and long term cyclabilities up to 1000

cycles at 100% coulombic efficiency using fast current rates. It thus gives rise to predicted

gravimetric energy densities up to 280 Wh/kg for the cathode alone, and between 200 — 250

Wh/kg including the mass ofthe zinc anode.

Introduction

The energy driven technological revolution ofthe past century has made our lives easy in

many ways. However, in doing so, we have relied solely on the combustion of fossil fuels that

has led to severe environmental damage and now we are on the verge ofa global climate change.

This has raised the call for an environmentally responsible energy economy relying on cheap and

sustainable energy generation and storage. In this backdrop, renewable energy resources (solar,

wind, etc.) along with electrochemical energy storage devices based on batteries have gained

prominence as a result of considerable breakthroughs in the last two decades. Primary batteries

have been replaced with rechargeable (secondary) types for all uses, with the exception of small

consumer portable electronics. Four main types of secondary batteries currently dominate the

commercial market: lead—acid, nickel—cadmium, nickel metal-hydride, and lithium—ion. Lead—acid

batteries have remained as the leader (for the past century) for certain applications where their

low gravimetric energy density is not a major concern; specifically automotive starter sources

and backup power supplies. Nickel-cadmium cells made their way into markets of portable

power tools in the 19805 and 19905, but have been since replaced by nickel metal-hydride cells

due to the toxicity of cadmium. Nickel metal-hydride are still used today for certain applications,

but are being replaced by lithium ion batteries (LIBS) which have become the frontrunner by

revolutionizing the portable electronics market and raising the stake of electrified transportation.

Unfortunately, despite the high energy and high power of some LIBS, concerns over the future

cost of lithium and the sustainability of the resources, and safety hazards of using highly

flammable and toxic organic electrolyte limit their application to some extent. In this context,

rechargeable aqueous batteries which utilize cheap and safe water based electrolytes, and do not

involve the dry atmospheric assembly conditions of non—aqueous batteries, are attracting

tremendous attention. In addition, the high ionic conductivities of aqueous electrolytes (l S cm'l)

compared to non-aqueous electrolytes (1-10 1115 cm") favor high rate capabilities suitable for

emerging applications.

The use of metallic negative electrodes in either primary or secondary type batteries is

also quite attractive as a means to achieve high energy densities and for ease of battery assembly

(and ultimately lowering costs). In general, the most reducing metals (Table I) happen to be the

lightest weight, and thus, have the highest theoretical gravimetric capacities. On the other hand,

the heavier metals have greater densities, which in turn lead to higher volumetric capacities.

There is a trade-off between the reduction potential ofa metal — low values giving higher cell
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voltages — and safety concerns. Since all metals listed in Table 1 have E° values below 0 V vs.

SHE (defined by 2H+ + 2e' —+ H2), they all have the potential to react with water to evolve

hydrogen. Particularly, the lightweight metals (lithium, potassium, calcium, sodium, and

magnesium) spontaneously react with even trace amounts of water from the atmosphere.

Of all the metals, zinc is the most reducing candidate which is stable in water. For this

reason, zinc has been utilized as the negative electrode in primary aqueous battery systems

including Leclanché cells (i.e., modern zinc—carbon cells), zinc—chloride cells, alkaline cells,

zinc-air cells, and mercury oxide cells. In most of these battery types, an alkaline electrolyte is

used, where zinc metal is oxidized to form the soluble zincate ion (eq. 1) or further can be

irreversibly oxidized to ZnO precipitates (eq. 2,3):

(1) Zn + 40H —> Zn(OH)42‘ + 2e‘

(2) Zn + 20H“ —> .zn(0H)2 + 2e'

(3) Zn(OH)2 —> ZnO + H20

Table 1. Comparison of various metals for use as battery anodes (negative electrodes).
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Additionally, irreversibility in these systems can arise at the cathode. For example, in the

case of modern zinc—chloride and alkaline batteries where MnO; is the active cathode material,

the following chemistry occurs:

(4) MnOz + H20 + e' —> MnOOH + OH'

(5) MnOOH + H20 + e' —-> Mn(OH)2 + OH'

Rechargeable aqueous batteries are extremely appealing for emerging energy storage

markets as discussed above. In particular, Li+-based shuttle systems have been extensively

researched. However, in attempts to move beyond lithium, naturally abundant Na+ and K+

systems, and very recently, the intercalation chemistry of divalent cations are being explored.

Zn2+ based systems are promising for multiple reasons: (a) the high abundance and large

production of zinc which makes it very low-cost; (b) the high corrosion resistance of zinc in

atmospheric and other environments; (c) the non-toxicity of zinc; (d) the low redox potential of

the Zn anode (-O.76 V vs. SHE) compared to the redox potential of host materials used in other

aqueous batteries; (e) the high potential volumetric energy density ofthe zinc negative electrode,

owing to its density (7.14 g cm'3); and lastly, the extremely small exchange current for hydrogen

evolution on zinc from solutions with Zn2+ concentrations higher than 10'4 M, which renders Zn

deposition the major electrochemical reaction at low cathodic potential. The last feature

facilitates a much larger kinetic voltage window (~25 V) for Zn2+ based rechargeable batteries

containing aqueous electrolytes, a Zn2+ host, and a Zn anode, compared to the small

thermodynamic window of 1.23 V of aqueous electrolytes. This concept of a zinc-ion battery is

depicted in Figure 1. Nonetheless, the inventory of host materials capable of reversible Zn2+

storage is currently sparse and only a few materials, namely MnOz (a, B, y, 7», and todorokite),

zinc hexacyanoferrate, and copper hexacyanoferrate have been explored. Among the different

polymorphs of MnOz, the alpha version delivers a large initial specific capacity of ~210 mAh g'1

at a discharge potential of 1.3 V. Poor rate performance and sharp initial capacity fading due to

manganese dissolution in the electrolyte bar its practical application, however.E"°r! Bookmark "0‘

“cf""d' Even though open framework metal hexacyanaoferrates offer possibilities of a range of

multivalent cation insertion and a rather high operational voltage (~1.7 V for Zn/Zn-

hexacyanoferrate) for zinc insertion, a very low specific capacity (65 mAh g'1 at 1C) dampens

their contention. Therefore, new host materials and chemistries are required favoring multiple

redox per molecular unit for high specific capacities, and stable architectures with facile zinc ion

pathways that enable fast and reversible cycling.

UW Exhibit 1002, pg. 237



UW Exhibit 1002, pg. 238

 
Figure 1. Conceptual scheme ofa Zinc-ion battery.

Herein, we introduce two vanadium oxide based compounds with layered crystal

structures containing crystalline water and a nanostructured morphology as robust host materials

for high rate and long term reversible Zn2+ ion storage in aqueous electrolyte. Vanadium is a

low-cost metal possessing a range of oxidation states (+2 to +5), which allows for multiple redox

and hence large ‘specific capacities for vanadium based electrode materials. Particularly, oxides

of vanadium e.g., V205 which is produced in large quantities, display numerous crystal and

compositional chemistries for reversible metal ion storage. Layered ManOm oxides (M = metal

ion) with pure oxide compositions such as V205, V303, V40” have been the subject of intense

investigation for both non-aqueous and aqueous alkali (Li and Na) ion batteries. However, as we

demonstrate here, interlayer metal ions and/or water of hydration in these layered oxides can act

as pillars, providing structural stability during long term cycling and facilitating the mobility of

divalent cations such as Zn2+ and Mg”. Hydrated vanadium oxides that possess such qualities

are H2V303 and anV205, which we have synthesized in nanofiber morphology by a simple and

rapid microwave hydrothermal treatment of V205, without using any toxic or corrosive

chemicals. Their nanomorphology and compact film structure allows for facile release ofstrain
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resulting upon Zn2+ cycling, short ion diffusion paths, good interaction of carbon additives and

robust conductive wiring. They were converted to freestanding film electrodes by adopting a

“green”, low cost water based electrode fabrication process. This facilitates high specific

capacities of "350 mAh g" and long term cyclabilities up to 1000 cycles at high coulombic

efficiency using fastrcurrent rates. Predicted gravimetric energy densities are up to 280 Wh/kg

for the cathode alone, and between 200 — 250 Wh/kg including the mass of the zinc anode.

Experimental Methods

Synthesis of H2V303 and anV205: Microwave solvothermal methods developed over the last

two decades are now often used to prepare cathode materials for lithium ion batteries. In our

study we have modified a time consuming and energy expensive hydrothermal approach used in

the synthesis of single crystalline r12v3og nanobelts to a rapid and scalable microwave

hydrothermal method for the synthesis of highly homogeneous H2V3Og and anV205 nanofibers.

In a typical procedure, 3-4 mmol V205 was dispersed in 15:] water/acetone (v) mixture with or

without a stoichiometric amount of zinc chloride (for anV205) and transferred to a sealed

TeflonTM vessel. The vessels were fitted to a rotor equipped with temperature and pressure

sensors and placed in an Anton Parr microwave synthesis system (Synthos 3000). The system

temperature was raised to 180°C in 10 minutes and maintained for 60 to 90 minutes. The as-

synthesized product was thoroughly washed with distilled water followed by a small amount of

isopropanol and dried at 60°C for 24 h.

Characterization Methods: Powder X-ray diffraction was performed on a Bruker D8—Advance

powder diffractometer equipped with Vantec-i detector, using Cu-Ka radiation 0»: 1.5405A) in

the range from 5° to 80° (29) at a step size of0.025° using Bragg-Brentano geometry. X-ray data

refinement was carried out by conventional Rietveld refinement method using the Bruker-AXS

TOPAS 4.2 software (Bruker-AXS, 2008). The background, scale factor, zero point, lattice

parameters, atomic positions and coefficients for the peak shape function were iteratively refined

until convergence was achieved. The morphologies of the samples were examined by field—

emission scanning electron microscopy (FE-SEM, LEO 1530) equipped with an energy

dispersive X-ray spectroscopy (EDX) attachment. For high resolution transmission electron

microscopy (HRTEM), samples were dispersed in iso-propanol by ultrasonication and loaded

onto a carbon coated copper grid for imaging on a FE] Titan 80-300.

Battery Cycling: For electrochemical performance evaluation, a freestanding film type electrode

was fabricated by a facile green approach. In a typical process, nanofibers were mixed with

conducting nanocarbon Super PCDD and a water based composite binder carboxymethylcellulose

(CMC) and styrene-butadiene rubber(SBR) (CMC/SBR= 2:1) in 70273 weight ratio. The

mixture was dispersed in small amount of water using an ultrasonic mixer to obtain a stable

homogeneous ink which was filtered through a Durapore® DVPP 0.65 pm filtration membrane.
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After drying at 60°C the composite film was then punched into 1 cm2 electrode coins and further

dried at 180°C for l h. The electrochemical properties were investigated in PFA based

Swage‘lok® type cells using 1 M ZnSO4 in water as the electrolyte and titanium or stainless steel
rods as the current collector. Galvanostatic cycling studies were performed using a multichannel

Biologic VMP3 potentiostat/galvanostat.

Three-Electrode Electrochemical Measurements: The voltammetric electrochemical

experiments were performed with a three-electrode cell consisting of the working electrode, Pt

mesh (1 cm2) as the counter electrode, and an Ag/AgCl (3 M KCl) reference electrode. The

working electrodes were a Zn disk ((p = 2 mm), a Ti disk ((0 = 2 mm), a stainless steel rod (316

grade, (0 = 12 mm), and the H2V303 composite electrode. Cyclic voltammetry was performed at a

scan rate of5 mV/s and linear sweep voltammograms were acquired at l mV/s. These techniques

were controlled with a CHI700E potentiostat (CH Instruments, Inc.). The electrolytes used were

1 M NaZSO4 for the hydrogen evolution reaction and 1 M ZnSO4 for zinc plating/stripping and

the oxygen evolution reaction. All experiments were performed at room temperature (23 i 2

°C).

Results and Discussion

Electrochemistty.

The operating voltage of all secondary aqueous batteries is limited by the potentials for

hydrogen evolution and oxygen evolution from water electrolysis. Since both the hydrogen and

oxygen evolution reactions (HER and OER, respectively) are pH dependent (see equations 7-10)

and catalytic in nature, the precise potential at which they occur is sensitive to the electrolyte

composition and electrode material. HER and OER occur during charge at the negative and

positive electrodes, respectively, and are displayed below:

Cathodic Reactions:

Zinc Deposition:

(6) Zn2+ + 2e‘ —> Zn E° = -0.76 v vs. SHE

Hydrogen Evolution:

(7) 2H20 + 2e' —+ H2 + 20H E” = -0.83 v vs. SHE

(8) 2H+ + 2e‘ —> H2 E° = 0.00 v vs. SHE

A nodic Reactions:

Oxygen Evolution:

(9) 4OH' —> 02 + 2H20 + 4e' E° = 0.40 V vs. SHE

(10) 2H20 —) 02 + 4H+ + 4e‘ E° = 1.23 v vs. SHE
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To examine the suitability ofa metallic zinc negative electrode for secondary zinc—ion

batteries, linear sweep voltammetry was used to probe the HER. In Figure l, a Zinc-ion-free (l

M Na2804) electrolyte was used which contained the same concentration of the sulfate anion and

similar pH value (4-5) as the 1 M ZnSO4 electrolyte used for all other studies. It can be seen that

the hydrogen evolution reaction has an overpotential of ~0.4 V with respect to Pt on both zinc
metal and titanium metal.

 
o

gee-5

E? ' Platinum'wr _ _.

— 49-4 g » Titanium
‘ Zinc

—2e‘-4‘

i2e~4   

1-1.8 -1 .6 -1i.4' .12 -1 .0 -O.8 41.6 «0.4 02 0.0

E .(V Vs..A’g/A_gCl)

Figure 1. Linear sweep voltammograms at l mV/s on Pt, Ti, and Zn in l M NaZSO4 showing the

onset of the hydrogen evolution reaction.

Stainless steel was deemed to be unsuitable as a current collector for the negative electrode as it

catalyzes the HER and competes with zinc electrodeposition, but titanium was found to be an

excellent current collector for the negative, comparable to Zn itself(Figure 2a,b).
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Figure 2. Linear sweep voltammograms at l mV/s in l M Na2804 showing the hydrogen

evolution reaction. The dashed red voltammogram in (a) shows zinc deposition on a zinc disk

electrode in I M ZnSO4 for comparison.

Furthermore, zinc deposition and stripping was completely reversible on titanium as

displayed in Figure 3a. The Coulombic efficiency (QM/QM) was IOO % over IOO cycles on

titanium with no loss in the electrical charge (Q) for deposition or stripping. Stainless steel

suffered from a decay in both Qred and Qox, even for the first 10 cycles (Figure 3b). On stainless

steel the Coulombic efficiency was only 87 % for the first cycle and 74 % for the tenth cycle.

This shows that the excess charge during reduction (de) goes towards the HER.
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Figure 3. Cyclic voltammograms at 5 mV/s on (a) a Ti disk electrode and (b) stainless steel rod

in 1 M ZnSO4.

Since the OER dictates the maximum potential for the positive electrode, this was first

examined on stainless steel, a practical current collector material. Titanium also has a high

overpotential for OER, however, we suspect that OER on many Zn2+-intcrcalation materials will

have activity similar to stainless steel which is why we show the result for OER on stainless steel

rather than titanium. Figure 4 displays the linear voltammograms for Zn eiectrodeposition onto

a Zn disk and OER on a stainless steel rod in 1 M ZnSO4 at ] mV/s. This plot shows the

maximum possible operating voltage window of a secondary Zn-ion battery using 1 M ZnSO4,

which is ~2.4 V. Obviously, the positive electrode of choice must be within this window,

particularly if a high-voltage material is to be used. In our case, the upper voltage cut—off for

batteries with H2V30g and ZnXV205 are 1.1 V, which is well below the limit at which OER will
occur at these materials.
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Figure 4. Linear sweep voltammograms on a zinc disk electrode (red) and a stainless steel disk

electrode (blue) at 1 mV/s in 1 M ZnSO4. The cathodic sweep on zinc shows zinc deposition and

the anodic sweep on the stainless steel shows the oxygen evolution reaction. These two

electrochemical reactions dictate the potential operating window for aqueous zinc—ion batteries

using this electrolyte.

Figure 5 displays the chronopotentiometric curves for charging a-MnOz (which has been

explored as a Zn-ion intercalation host previously) and H2V3Og electrodes without prior

discharge. This gives an indication of the possible upper voltage cut—off which can be used for a

given material. Clearly, the H2V30g material undergoes structural transitions between 1.5 V and

2.4 V, at which point OER occurs. In contrast, with a-MnOg, the voltage quickly rises to 2.4 V

where a flat OER plateau arises. Thus, upper voltages of 1.] V for H2V3Os and 1.8 V for u-

MnOz were used in all subsequent battery cycling protocols.
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Figure 5. Galvanostatic charging of H2V30g (red) and a-MnOz (black) electrodes at 0.5 mA/cmZ

in l M ZnSO4 with metallic zinc negative electrodes.

Cathode Materials: Synthesis and Characterization. The hydrothermal method has evolved

into an important wet chemistry method for the synthesis of nanostructured vanadium oxide

materials. However, such process can be time consuming, as in the synthesis of H2V3Og

nanobelts which requires hydrothermal treatment of V205 in water for 2-3 days at 210°C. By

introducing a microwave heat treatment, we have developed a versatile and scalable synthetic

approach for the rapid synthesis of ultralong H2V3Os and anV205 nanofibers. Water is known to

strongly interact with the microwave radiation via a dipolar-microwave interaction, leading to

rapidly superheated local regions in the reaction media. In contrast to typical hydrothermal

methods where slow heating mainly occurs via thermal conduction mechanism, heating of the

entire reaction media through penetration of microwaves triggers rapid intercalation-exfoliation

and cleavage of V205 into nanosheets and finally into H2V30g or anVZOs nanofibers. The phase

purity of the as-synthesized materials was confirmed by Rietveld refinement of the powder

diffraction pattern as shown in Figure 6a for H2V3Og and Figure 6b for anVZOS. The XRD

pattern in Figure Ga could be refined to an orthorhombic Pnam V307.H20 (H2V308) with the

lattice parameters of a —= 16.871 A, b '— 9.332 A, c 2 3.634 A, and a = [3 = y = 90". Here V308

layers, which are constructed of V06 octahedra and V05 trigonal
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Figure 6a. Rietveld refinement of H2V30g with Rexp = 0.97 , pr = 2.47, and Gof= 2.55. Data

points (red circles); calculated profile (black line); difference profile (blue line); Bragg positions

(magenta lines). Inset shows the layered structure projected in the ac plane. VOx polyhedras are
shown in brick red color.

bipyramids, are held by strong hydrogen bonding. The H20 molecule bound to the vanadium

atom in place of one oxygen in the V06 octahedra creates a hydrogen bond with the octahedra in

the next layer. The hydrogen bonded layered structure is very stable up to ~300°C, where the

structure dehydrates.

The pattern in Figure 6b was refined to a composition onn0_2V205. H20 that crystallizes

in P-l triclinic system with lattice parameters ofa = 10.874 (5), b = 7.901 (2), c = 10.474 (2), a =

90.65, {3 = 91.14, and 7 = 90.09, which Closely resemble the Zn0,25V205.H20 phase for which the

structure was solved by single crystal diffraction. The interlayer spacing shrinks from 10.76 A to

10.47 A as a result ofthe slightly lesser amount ofzinc in the interlayer space. Here the structure

consists of V205 layer, built up of V06 octahedra, V05 trigonal bypyramids and V04 tetrahedra.

These are stacked along 0 axis with the interlayer Zn atom coordinating to the oxygen apices on

opposite sides and the oxygen atoms ofthe in-plane water molecules.
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Figure 6b. Rietveld refinement of ZnOQVzOstO with Rexp = 1.52 , RM): 2.38, and Gof= 1.572.

Data points (red circles); calculated profile (black line); difference profile (blue line); Bragg

positions (magenta lines). lnset shows the layered structure projected in the DC plane. The VOx

polyhedras are shown in brick red. The Zn and O atoms are depicted as silver and red spheres,

respectively.

SEM images (Figure 7) reveal a highly uniform fiber-like morphology for both

materials, H2V30g and ZnonzOs. Both the fibers have a diameter of about 100 nm. To our

knowledge, this is first time Zn02V205 has been synthesized in this nanomorphology.
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Figure 7. Typical SEM image ofthe H2V30g (a & b) and Zn0‘2V205 (c & d) nanofibers.

Electrochemical Cells. Prior to electrode fabrication, the as-synthesized materials were dried at

200°C for 5 h to remove any loosely bound water of hydration from between the vanadium oxide

layers. After heat treatment, the H2V30g diffraction pattern remains unchanged, as expected. The

peak positions for the Zn0.2V205.H20 phase shified slightly together with the appearance of few

small peaks as a result of heat treatment. A small contraction in the interlayer spacing was

detected as a result of the dehydration but the presence of Zn” ions in the interlayer ensures
structural stabilization.
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Unlike conventional NMP (N-methyl-Z-pyrrolidone) based Li—ion battery electrode slurry

fabrication, which is expensive and time consuming due to the use of NMP, we developed a

novel and versatile electrode fabrication approach in this work. A water based ink was prepared

for both materials by ultrasonic dispersion with conductive carbon using a minimum (3%)

amount of aqueous based binder CMC and SBR. The ink was passed through a PVDF based

membrane filter resulting in a compact film, which upon drying (at 60°C) spontaneously peels

off the hydrophobic membrane due to the hydrophilic nature of the oxide based electrode film.

The fiber morphology of the materials (Figure 8a and 8b) enables formation of dense mat-like

film electrodes. The thickness and the loading of the film can be easily varied by adjusting the
amount of ink. The use

Figure 8. Photographs of the as-synthesized (a) H2V30g and (b) Znogszs. (c) and (d) are the

photographs ofthe corresponding film electrodes.

of water as the solvent and water based low-cost binders makes the process very cost effective

 
and environmentally green. The use "of freestanding film electrode also allows us to avoid

possible corrosion issues of metal foil, which is typically used to deposit an electrode film. The

fabricated film electrodes are shown in Figure 8c and 8d.

The reversible electrochemical Zn2+ storage capabilities of H2V30g and Znogngs were

explored in full cells by applying galvanostatic techniques. The electrodes were studied in

different voltage windows to determine the optimal voltage range for highly reversible

electrochemical cycling. Based on this study, voltage windows of 0.4 V — l.l V and 0.5 — 1.4 V
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vs. Zn were determined for the H2V308 and ZnoszOs electrodes, respectively, which clearly fall

within the safe operational window in the aqueous electrolyte (l M ZnSO4 in H20) using Zn

anode and Ti rod as the current collector (see discussion above). Cycling in wider voltage

window results in higher specific capacities, but structural stress generated from the insertion of

a large amount of zinc results in pulverization of the electrode and rapid capacity fading.

Moreover, a practical voltage window not only enable better cyclability, but also ensures lower

voltage polarization.

Figure 9 shows the voltage polarization curves for the two electrodes at different current

rates. At a current density of350 mA g'l both the electrodes deliver initial discharge capacities in
the range of 325-350 mAh". Based on this observation, 1C rate was defined to be about 350 mA

g". Figure 9a demonstrates the variation of cell voltage for H2V30g electrode as a function of

obtainable specific capacity. The voltage profile shows a small plateau delivering ~100 mAh g"

of capacity at around 0.8 V, followed by a sloping region, giving a high specific capacity of 325

mAh g" and 270 mAh g" at high rates of4C (1400 mA g") and 8C (2800 mA g“), respectively.
1.6

AM
2,

Potentialvs.ZnZVZn(V)  
0 100 ‘ 200 .1300 400 O 50 100 150 200 250 300 350

Capacuty (mAh g ) Capacity (mAh 9")

Figure 9. Galvanostatic polarization curves for the (a) H2V3Og and (b) ZI‘IOQVgOs electrodes at

various current rates. Here, IC is define as 350 mA g" for H2V308 electrodes and 325 mA g'l for
Zno_2V205 electrode.

Depending on the applied current rates, close to 1.5 to 2 Zn2+ ions are electrochemically

intercalated during discharge. An average operating voltage of ~0.64 V is obtained for this

electrode irrespective of the rate. The ZnonzOs electrode demonstrates a higher average

operating voltage of ~0.82 V at all current densities (Figure 9b). This is most likely the

consequence ofa higher average vanadium oxidation state in ZnOQVzOs (V4‘8+) compared to that

in H2V303 (V4665. Typical discharge—charge polarization curves for ZnOJVzOs display a sloping

behavior, suggesting a dominant solid-solution type process associated with electrochemical zinc

(de)insertion. Interestingly, at higher current rates, discharge-charge capacities increased with

cycling, reaching their highest value after cycling. This is most likely related to the kinetic

limitation of Zn2+ diffusion into the layered structure of the electrode, requiring multiple
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discharge-charge cycles to open up accessible intercalation sites, before optimal capacity can be

achieved. The ZnoszOs electrodes delivered a specific capacity of ~300 mAh g", which is

slightly lower than the H2V30g electrode. Typically, about 1.5 Zn2+ ions are intercalated per mole

of ZnogVZOS during the electrochemical discharge process. The high specific capacities obtained

for both materials can be ascribed to the large specific surface area and short diffusion distances

provided by the nanofiber morphology. It is also important to note that for both the electrodes,

the voltage polarization curves recorded in the subsequent cycles exhibit identical feature as the

first cycle, indicating that the initial structure is recovered at the end of each charge cycle.

As a result of nanostructural morphology, flexible film like electrode architecture, and

structural reversibility upon Zn2+ de(intercalation) both the electrodes demonstrate superior

cyclability at high current rates. Figure 10 shows the variation of specific capacity and the

corresponding coulombic efficiency as a function of cycling at 4C and 8C rates. The plots show
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Figure 10. Specific capacity and coulombic efficiency of the H2V3Og (a & b) and Zno_2V205 (c &

d) as a function ofcycling at 4C (a & c) and 8C (b & d) current rates.

that the Zno‘2V205 based cell exhibits excellent cyclability at an 8C rate, retaining 70% of the

initial specific capacity after l000 cycles. At half the current density (4C), the cells exhibited

only a 20% drop in the initial capacity over 400 cycles. Identical H2V30s cells demonstrated
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slightly inferior capacity retention, delivering about 40% and 30% of the initial reversible

capacity at the end of 300 and 500 cycles when operated at current rate of 4C and 8C,

respectively. Interestingly, the H2V303 cell showed distinctly better cycling behavior at higher

current rates (8C). This can be linked to the comparatively lower amount of Zn2+ intercalation

per mole of H2V303, leading to lesser structural strain, which ensures better cyclability. However

this feature is not very prominent for the Zn012V205 based electrode, which suggests higher

structural flexibility of Zno_2V205 towards Zn2+ (de)intercalati0n. Higher structural flexibility

granted by the presence of interlayer Zn2+ ions also ensures excellent electrochemical cyclability

of the Zno‘2V205 cells. In contrast, the hydrogen bonded V0x interlayer in H2V308 lacks the

structural rigidity and flexibility of zn02v2os, resulting in slightly poorer capacity retention. For

all the studies nearly 100% Coulombic efficiency was registered even over long cycling, which

further confirms the high degree of reversibility of electrochemical Zn2+ (de)intercalation into the

layered structure ofthe vanadium oxide materials.

By virtue of 1D nanomorphology and film like compact yet flexible electrode architecture,

both the materials delivered excellent rate performance under variable current loading as a

function of cycling. The results are shown in Figure 11 together with the corresponding

Coulombic efficiencies registered at variable rates. As expected, the Zn0_2V205 electrode

demonstrates better rate capability; starting with an initial capacity of 323 mAh g" at 1C rate, the

cell delivers 270 mAh g'l of durable capacity at 8C, which reverts back to 315 mAh g'1 of

capacity at 1C rate, nearly identical to the initial 1C capacity. A slightly higher initial 1C

capacity is observed for H2V3Og of 335 mAh g", which falls to 222 mAh g" at an 8C rate, but is

not completely recovered
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Figure 11. Rate capability of the (a) H2V30g and (b) ZnoszOs cell studied under variable

current loading as a function of cycling. The corresponding coulombic efficiencies are plotted in
blue.
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when the current density is returned to IC at the end of variable current load test. Similar to the

electrochemical cyclability, the better rate performance of Zn072V205 compared to the H2V30g

electrode is attributed to its more robust and flexible layered structure which is efficiently

pillared by immobile Zn2+ ions. In both cases, the Coulombic efficiency increases with current

load, which is expected as side reactions are suppressed at higher current rates.

Based on the galvanostatic cycling and rate performance results, energy and power densities

were calculated and are presented in the Ragone plot shown in Figure 12. Along with good

cyclability and excellent rate capability, both the H2V308 and ZHOQVQOS based cells deliver good

energy density at high power density. At a power density of ~270 W kg‘l the zn02V205 cell

exhibits a high specific energy density of about 280 Wh kg", calculated based on the weight of

the active electrode material. This is maintained even at very high power densities: 240 and 220

Wh kg'1 at power density of 1l00 and 2300 W kg‘I are achieved, in complete accord with the

superior rate performance observed for this material. The H2V3Og cell delivers slightly lower

energy and power densities due to its lower average operating voltage (0.64 V vs Zn).

2500

NO OO
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1000PowerDensityWkg'1)
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O
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Figure 12. Ragone plot for the ZnoQVzogl lM ZnSO4-H20|Zn, and H2V30g| lM ZnSO4-

H20|Zn cells. The energy and power densities were calculated based on the total weight of the
active electrode materials.
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Conclusions

In summary, we have developed two novel layered vanadium oxide nanomaterials for highly

reversible Zn2+ storage at high current rates and long term cyclability. A simple scalable
microwave synthesis of vanadium oxide nanomaterials and a versatile water based

environmentally green electrode fabrication process is also presented. The presence of stable

interlayer species, e.g., H20 in H2V30g and Zn2+ and/or H20 in ZnOQVQOs, plays a pivotal role in

stabilizing the layered structure against repeated Zn2+ de(intercalation), and thereby enables long

term cyclability with high specific capacities. Although the average operating cell voltages (0.64

V for H2V3Os and 0.82 V for ZnoszOs) are rather modest, high specific capacities of~300 mAh

g‘l ensure high energy density (230—280 Wh kg“), which is the highest reported amongst the

known aqueous Zn-ion batteries (see Table 2 below). Good energy density, impressive rate

performance and cyclability, cost effective scalable processing of raw materials and electrodes,

and not the least high abundance and production of Zinc metal make these aqueous zinc ion

secondary cells viable candidates for large scale applications such as grid storage.

Table 2. Operating voltage, energy density, and cycling performance of different rechargeable

aqueous Zn-ion batteries.

_ 20a érHOOb'
3 cycles (8C rate)
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What is claimed is:

1. A rechargeable zinc ion battery, comprising:

A cathode composed ofa mixture of nanofibers of layered vanadium oxide containing

intercrystalline or interlayer water and/or metal ions, which can store and release zinc ions (Zn2+

ions), electrical conductive particles and one or more binders; a zinc anode; a separator for

separating said cathode from said anode; and an aqueous electrolyte containing zinc ions, in

which the pH value is between 3 to 7. The water or metal ion stabilized layered vanadium oxide
nanofibers ofthe cathode hosts and releases zinc in/from its structural lattice via

intercalation/deintercalation during discharge and charge.

1.

2.

The rechargeable cell as in claim 1, wherein said zinc anode is in any shapes or pure

zinc or zinc alloys

The rechargeable cell as in claim 1, wherein ifthe anode is not as in claim 2, then the
electrical contacts in the anode are titanium coated

The rechargeable cell as in claim 1, wherein said zinc anode is composed ofa

compressed mixture of pure zinc and/or Zinc alloy particles, electrically conductive

particles and a binder.

The rechargeable cell as in claim 1, wherein said one or more binders is selected from

the group consisting ofnatural and synthetic rubbers, polysulfone, acrylic polymers,

epoxy resins, polystyrene and polytetafluoroethylene

The rechargeable cell as in claim 1, wherein said one or more binders where the binder

content can be practically zero.
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(57) Abstract: The present disclosure discloses
a rechargeable Zn battery based on layered/tun-
nelled structure vanadium/molybdenum oxides,
with/without the presence of neutral/cationic/an-
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into the interlayers/tunnels, of nano/micro-
particle morphology as robust materials for high
rate and long term reversible Zn“ ion intercala-
tion storage at the positive electrode, that are
coupled with a metallic Zn negative electrode,
and an aqueous electrolyte. The positive elec-
trode may include electronically conducting ad-
ditives and one or more binders along with the
Zn“ intercalation material; the negative elec—
trode is Zn metal in any form; the aqueous elec-
trolyte is of pH 1 to 9 and contains a soluble
zinc salt in a concentration range from 0.01 to
10 molar.
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ELECTRODE MATERIALS FOR RECHARGEABLE ZINC CELLS AND

BATTERIES PRODUCED THEREFROM

FIELD

This disclosure relates generally to batteries, and, more specifically to

zinc ion batteries involving zinc intercalation positive electrode materials, zinc

metal based negative electrodes in any form, and an aqueous electrolyte

containing zinc salt and batteries using these positive electrode materials.

BACKGROUND

Given the looming concerns of climate change, sustainable energy

resources such as solar and wind have entered the global spotlight, triggering

the search for reliable, low cost electrochemical energy storage. Among the

various options, lithium ion batteries are currently the most attractive candidates

due to their high energy density, and foothold in the marketplace. However,

many factors (cost, safety, and lifetime) will likely limit their large scale

applications, and dictate against their use in stationary grid storage where low

cost and durability are more of a concern than weight. What is needed is a high

energy density battery that is rechargeable, cheap, safe, and easy to

manufacture and dispose of or recycle. Aqueous batteries (water based

electrolytes) are therefore attracting tremendous attention. Their high

conductivity (up to 1 Siemens (8) cm") compared to the non-aqueous

electrolytes (0.001 to 0.01 S cm'1) also favour high rate capabilities suitable for

emerging applications.

The use of metallic negative electrodes is a means to achieve high

energy density and ease of battery assembly (hence lower cost). There is a
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trade-off between the reduction potential of a metal, E°, (low values give higher

cell voltages) and safety. Metals with low reduction potentials (e.g., lithium,

potassium, calcium, sodium, and magnesium) react with water to produce

hydrogen. However, zinc is stable in water and for that reason it has been used

as the negative electrode in primary aqueous battery systems. Moreover, zinc

has (a) high abundance and large production which makes it inexpensive; (b)

non-toxicity; (c) low redox potential (-O.76 V vs. standard hydrogen electrode

(SHE)) compared to other negative electrode materials used in aqueous

batteries; and (d) stability in water due to a high overpotential for hydrogen

evolution. The latter renders a large voltage window (~2 V) for aqueous zinc-ion

batteries (AZlBs) employing a metallic Zn negative electrode.

Vanadium and molybdenum are low cost metals possessing a range of

oxidation states (V: +2 to +5; Mo: +2 to +6), which allows for multiple redox and

hence large specific capacities for vanadium or molybdenum based electrode

materials. Layered VnOm (vanadium oxides: V205, V308, V4011) and MoOy

(molybdenum oxides) that are made of two dimensional sheet structures were

the subject of much past investigation for non—aqueous and aqueous alkali (Li

and Na) ion batteries. The additional presence of interlayer neutral molecules,

ions, metal ions and/or water of hydration in such layered oxides act as pillars,

providing structural stability during long term charge discharge cycling.

SUMMARY

The present disclosure discloses a rechargeable Zn battery based on

layered/tunnelled structure vanadium/molybdenum oxides, with/without the

presence of neutral/cationic/anionic species and/or water molecules inserted
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into the interlayers/tunnels, of nano/microparticle morphology as robust

materials for high rate and long term reversible Zn2+ ion intercalation storage at

the positive electrode, that are coupled with a metallic Zn negative electrode,

and an aqueous electrolyte. The positive electrode may include electronically

conducting additives and one or more binders along with the Zn2+ intercalation

material; the negative electrode is Zn metal in any form; the aqueous electrolyte

is may have a pH in a range of 1 to 9 and contains a soluble zinc salt which

may be in a concentration range from 0.01 to 10 molar.

Thus, disclosed herein is a zinc ion battery, comprising:

a positive electrode compartment having enclosed therein an

intercalation layered positive electrode material MXV205.nH20, wherein x is in a

range from 0.05 to 1, n is in a range from 0 to 2, wherein M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion, the

metal M ion being in a +2 to +4 valence state, and wherein said V205 is a

layered crystal structure having the metal ions M pillared between the layers,

and waters of hydration coordinated to the metal ions M;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating

the positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved

therein.

There is also disclosed herein a zinc ion battery, comprising:

a positive electrode compartment having enclosed therein and

intercalated layered positive electrode material MXV307.nH20, wherein x is in a
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range from 0.05 to 1, n is greater than 0 and less than 2, wherein M is any one

or combination of a d-block metal ion, f-block metal ion and alkaline earth ion,

the metal M ion being in a +2 to +4 valence state, and wherein said V307 is a

layered crystal structure having the metal ions M pillared between the layers,

and waters of hydration coordinated to the metal ions M and/or hydrogen

bonded to the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating

the positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved

therein.

There is also disclosed a zinc ion battery; comprising:

a positive electrode compartment having enclosed therein an

intercalated layered positive electrode material MXMoOy.nH20, wherein x is in a

range from O to 1, y is in a range from 2 to 3, n is in a range from O to 2,

wherein M is any one or combination of a d-block metal ion, f-block metal ion

and alkaline earth ion, the metal M ion being in a +2 to +4 valence state, and

wherein said MoOy has a layer or tunnel crystal structure, and the metal ions M,

if present, pillared between the layers, and waters of hydration coordinated to

the metal ions M pillared between the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc; a separator electrically insulating and permeable to

zinc ions separating the positive and negative compartments; and
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an electrolyte comprising water and having a salt of zinc dissolved

therein.

A further understanding of the functional and advantageous aspects of

the disclosure can be realized by reference to the following detailed description

and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure will now be described, by way of example

only, with reference to the drawings, in which:

Figure 1A shows a conceptual scheme of a zinc-ion battery constructed

in accordance with the present disclosure.

Figure 1 B is a cross section of a zinc-ion battery.

Figure 2 shows linear sweep voltammograms at 1 mV/s on Pt, Ti, and

Zn in 1 M Na2804 showing the onset of the hydrogen evolution reaction.

Figure 3 shows linear sweep voltammograms at 1 mV/s in 1 M Na2804

showing the hydrogen evolution reaction. The dotted voltammogram in (a)

shows zinc deposition on a zinc disk electrode in 1 M ZnSO4 for comparison.

Figure 4A shows cyclic voltammograms at 5 mV/s on a Ti disk

electrode.

Figure 4B shows cyclic voltammograms at 5 mV/s on stainless steel rod

in 1 M ZnSO4.

Figure 5 shows linear sweep voltammograms on a zinc disk electrode

(cathodic sweep) and a stainless steel disk electrode (anodic sweep) at 1 mV/s

in 1 M ZnSO4. The cathodic sweep on zinc shows zinc deposition and the

anodic sweep on the stainless steel shows the oxygen evolution reaction.
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These two electrochemical reactions dictate the potential operating window for

aqueous zinc-ion batteries using this electrolyte.

Figure 6A shows Rietveld refinement of H2V308. Data points (circles);

calculated profile (line); difference profile (dotted line); Bragg positions (vertical

lines) are as indicated. Refined lattice parameters are a = 16.87 A, b = 9.332

(3) A, c = 3.63 A, and d = (3 = y = 90°. Inset shows the layered structure

projected in the ac plane. VOX polyhedra are shown in black.

Figure GB shows the Rietveld refinement of Zno_25V205_nH20. Data

points (circles); calculated profile (black line); difference profile (blue line) are as

indicated. Refined parameters are a = 10.75 A, b = 7.77 A, c: 10.42 A, d =

91 .26°, B = 90.31 °, and y = 88.66°. The VOX and ZnOX polyhedra are shown in

black and grey, respectively.

Figures 7A, 7B, 7C and 7D show a typical SEM image of the H2V308

(7A and 7B) and Zno_25V205.nH20 (7C and 7D) nanofibers.

Figures 8A and BB show galvanostatic polarization curves for the (8A)

H2V308 and (8B) Zn0_25V205.nH20 electrodes at various current rates. Here, 1C

is defined as 350 mA g’1 for szgo8 and 300 mA g’1 for Zn0_25V205.nH20.

Figures 9A. 9B, 9C and 9D show specific capacity and coulombic

efficiency of the H2V308 (9A and QB) and Zno_25V205_nH20 (9C and 9D) as a

function of cycling at 4C (9A and 9C) and SC (93 and 9D) current rates.

Figures 10A and 10B show rate capability of the (9A) H2V308 and (9B)

Zn0_25VZO5.nH20 cells studied under variable current loading as a function of

cycling. The corresponding coulombic efficiencies are also shown.
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Figure 11 shows the tradeoff between energy and power density

(Ragone plot) for reversible Zn2+ storage in Zno_25V205.nH20, H2V308, Mnog,

and Zn3[Fe(CN)6]2.

DETAILED DESCRIPTION

Various embodiments and aspects of the disclosure will be described

with reference to details discussed below. The following description and

drawings are illustrative of the disclosure and are not to be construed as limiting

the disclosure. Numerous specific details are described to provide a thorough

understanding of various embodiments of the present disclosure. However, in

certain instances, well-known or conventional details are not described in order

to provide a concise discussion of embodiments of the present disclosure.

The Figures are not to scale and some features may be exaggerated or

minimized to show details of particular elements while related elements may

have been eliminated to prevent obscuring novel aspects. Therefore, specific

structural and functional details disclosed herein are not to be interpreted as

limiting but merely as a basis for the claims and as a representative basis for

teaching one skilled in the art to variously employ the present disclosure.

As used herein, the term “about”, when used in conjunction with ranges

of dimensions, temperatures, concentrations or other physical properties or

characteristics is meant to cover slight variations that may exist in the upper

and lower limits of the ranges of dimensions so as to not exclude embodiments

where on average most of the dimensions are satisfied but where statistically

dimensions may exist outside this region.
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As used herein, the phrase “a negative electrode for storing zinc” means

that the negative electrode can incorporate and release zinc reversibly by

electrodeposition/dissolution (plating/stripping) of elemental zinc from/to the

electrolyte, by alloying/dealloying reaction, or the negative electrode comprises

a material that can store zinc by any one or combination of intercalation,

conversion, and capacitive storage (adsorption/deadsorption of Zn2+ ions).

Figure 1A shows a conceptual scheme of a zinc-ion battery shown

generally at 10, which includes an anode 12, and an intercalated layered

positive electrode material 14 separated by an electrolyte 16, with Figure 1A

showing diagrammatically the operation of the battery 10, namely during the

charging cycle Zn ions are attracted to the negative electrode 12, and during

the discharge cycle Zn ions are attracted to the intercalated positive electrode

material 14 into which they intercalate. Electrons flow through the external

circuit connecting the negative and positive electrodes which are used to do

work.

Figure 1 B is a cross section of an actual zinc-ion battery showing the

positive electrode 14 contained in a positive electrode compartment 20, the

negative electrode 12 contained in a negative electrode compartment 22, and

the electrolyte 16 contained in an electrolyte compartment 24 in which a

separator 28 which is electrically insulating and permeable to zinc ions

separating the positive and negative compartments is located. Non-limiting

examples of separator 28 include organic polymers (polyethylene (PE),

polypropylene (PP), poly(tetrafluoroethylene) (PTFE), poly(vinyl chloride)

(PVC)), polyvinylidene fluoride (PVDF), nylon, organic polymer-inorganic oxide,
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silica glass fiber, porous silica or alumina ceramic membranes, cellulose,

cellulose-ceramic oxide, wood, or any combination of these.

The present disclosure provides several embodiments of the intercalated

layered positive electrode material 14. In an embodiment the intercalation

layered positive electrode material 14 may be MxV205.nH20, where x is in a

range from 0.05 to 1, n is in a range from 0 to 2, and M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion with

the metal M ion being in a +2 to +4 valence state. The V205 has a layered

crystal structure having the metal ions M pillared between the layers, and

waters of hydration coordinated to the metal ions M. The number of waters of

hydration n in some embodiments may be greater than 0 and less than 1.

Some of the waters of hydration may be hydrogen bonded to the layers.

In a preferred embodiment x = 0.25, and n =1.

In another embodiment, the intercalated layered positive electrode

material 14 may be MXV307.nH20, wherein x is in a range from 0.05 to 1, n is

greater than 0 and less than 2. M is any one or combination of a d-block metal

ion, f-block metal ion and alkaline earth ion, with the metal M ion being in a +2

to +4 valence state. The V307 is a layered crystal structure having the metal

ions M pillared between the layers, and waters of hydration coordinated to the

metal ions M and/or hydrogen bonded to the layers. In an embodiment n is

greater than 0 and less than 1.

In a preferred embodiment x = 0.05, and n =1.

In another embodiment, the intercalated layered positive electrode

material 14 may be MXMoOy.nH20, in which x is in a range from 0 to 1, y is in a

range from 2 to 3, and n is in a range from 0 to 2. M is any one or combination
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of a d-block metal ion, f-block metal ion and alkaline earth ion, with the metal M

ion being in a +2 to +4 valence state. The MoOy has a layer or tunnel crystal

structure, and the metal ions M, if present, are pillared between the layers, and

waters of hydration are coordinated to the metal ions M pillared between the

layers.

In some embodiments n is greater than 0 and less than 2. In some

embodiments the waters of hydration are hydrogen bonded to the layers.

In a preferred embodiment X = 0.25, y = 3 and n = 0.

The electrolyte 16 is an aqueous based electrolyte and contains a salt of

zinc dissolved therein. Non-limiting examples of the zinc salt comprises any one

or combination of zinc sulfate, zinc acetate, zinc citrate, zinc iodide, zinc

chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc triflate, zinc

bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc bromide to

mention a few.

The dissolved zinc is present in an amount in the liquid in a range from

about 0.01 to about 10 molar (M), and preferably is present in a range from

about 0.1 to about 4 M.

The electrolyte may have a pH in a range between 1 and about 8 but

preferably between 4 and about 8 and more preferably 4 to 7. The electrolyte is

an aqueous based electrolyte and may be just water containing the dissolved

salt of zinc, or additional solvents may be included, for example alcohols,

nitriles, carbonates, ethers, sulfoxides, glycols, esters, and amines. Typically,

the zinc salt may comprise anyone or combination of zinc sulfate, zinc acetate,

zinc citrate, zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc

phosphate, zinc triflate, zinc bis(trifluoromethanesulfonyl)imide, zinc

10
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tetrafluoroborate, and zinc bromide in 0.1 to 4 M concentration of Zn2+ with or

without the nonaqueous component and with or without additional ionically-

conductive salts such as quaternary ammonium salts or alkali metal salts.

The negative electrode may be made of a solid sheet, mesh, or rod of

zinc, or it may be comprised of a zinc layer formed on a current collector. When

the battery is assembled with metallic zinc contained in the negative electrode,

the battery is typically referred to as a zinc battery. This is opposed to a zinc ion

battery in which the negative electrode in its initial state does not contain any

zinc. The zinc layer may be a thin sheet of zinc or an alloy, or powder zinc

bonded adhered to the surface of the negative electrode facing into the

negative electrode compartment. The zinc may be a constituent of a formulation

which is adhered to the surface of the current collector. Non-limiting examples

of zinc alloys that may be used include alloys of zinc with lead, vanadium,

chromium, manganese, iron, cobalt, nickel, cadmium, tungsten, bismuth, tin,

indium, antimony, copper, and titanium.

The negative current collector is an electrically conductive support for

active zinc which may be comprised of any one or combination of carbon,

boron, lead, vanadium, chromium, manganese, iron, cobalt, nickel, cadmium,

tungsten, bismuth, tin, indium, antimony, copper, titanium, and zinc metal. A

feature of the negative electrode is that it comprises a material that can store

elemental zinc by any one or combination of intercalation, conversion, and

capacitive storage. In a conversion process, the electrochemical reaction of the

negative electrode material with zinc leads to its decomposition into two or

more products. In capacitive storage the Zn2+ ions are stored at the surface of

the negative electrode material by a non-faradic process.

11
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The intercalated layered positive electrode material may have different

morphologies. The intercalation layered positive electrode material 14 has a

nanostructured morphology. Preferably the average particle size is less than

1000 nm in a direction of Zn ion transport through the particle, and more

preferably less than 500 nm in a direction of Zn ion transport through the

particle. Non-limiting morphologies include nanowires, fibers, wires, cubes,

platelets, spheres, and uneven morphology. They may be simple particles. The

particles may have a mean size in a range from about 5 nm to about 50 um.

The particles may be coated with electrically conducting material, in

which

the electrically conducting material is any one or combination of carbon powder

and conducting polymer. The particles may be embedded in an electrically

conducting matrix and the electrically conducting matrix may comprise any one

or combination of carbon and conducting polymer, and including a binder. The

binder may be any one or combination of styrene butadiene rubber (SBR),

sodium carboxymethylcellulose (CMC), polyvinyl acetate (PVAc), polyethylene

glycol (PEG), polybutyl acrylate (PBA), polyurethane, acrylonitrile, polypyrrole,

polyaniline, polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF),

perfluorosulfonic acid (PFSA), and poly(3,4-ethylenedioxythiophene) (PEDOT).

The zinc ion battery materials disclosed herein will now be illustrated by

the following non-limiting examples.

Examples

Two vanadium oxide based compounds with layered crystal structures

and in ultralong one-dimensional morphology exhibiting as robust host

materials for high rate and long term reversible Zn2+ ion storage in aqueous

12
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electrolyte were produced. Vanadium is a cheap and environmentally benign

metal possessing a range of oxidation states (+2 to +5), which allows for

multiple redox and hence large specific capacities for vanadium based

electrode materials. Particularly, oxides of vanadium e.g., V205 which is non-

toxic and produced in large quantities, displays numerous crystal and

compositional chemistries for reversible metal ion storage. Layered MXVnOm

oxides (M = metal ion) of compositions such as V205, V308, V4011 that are

made of two dimensional sheet structures have been the subject of intense

investigation for both non-aqueous and aqueous alkali (Li and Na) ion batteries.

The presence of interlayer metal ions and/or water of hydration act as pillars,

providing structural stability during long term charge discharge cycling.

Embodying such qualities are H2V308 and ZnXV205.nH20, which we

have synthesized in nanofiber morphology by a simple and rapid microwave

hydrothermal treatment of V205, without using any toxic or corrosive chemicals,

and converted to freestanding film electrodes by adopting a cheaper and

greener water based electrode fabrication process. Nanomorphology and

compact film structure allows for facile release of strain resulting upon Zn2+

cycling, shorter ion diffusion paths, better interaction of carbon additives with

the active material and robust conductive wiring - facilitating high specific

capacities of ~300 mAh g’1 and long term cyclabilities up to 1000 cycles at high

coulombic efficiency using fast current rates.

Experimental Methods

Synthesis Of H2V308 and ZI‘IXV205

13
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Microwave solvothermal method developed over last two decades are

now often used to prepare positive electrode materials for lithium ion batteries.

In this work, we have modified a time consuming and energy expensive

hydrothermal approach used in the synthesis of single crystalline H2V308

nanobelt to a rapid and scalable microwave hydrothermal method for the

synthesis of highly homogeneous H2V308 and ZnXV205.nH20 nanofibers. In a

typical procedure, 3 to 4 millimoles (mmol) V205 was dispersed in 15:1

water/ethanol (v) mixture with or without stoichiometric amount of zinc acetate

(for ZnXV205.nH20) and transferred to a sealed TeflonTIVI vessel. The vessels

were fitted to a rotor equipped with temperature and pressure sensors. The

rotor containing the vessels was then placed in a rotating platform for uniform

heating in an Anton Parr microwave synthesis system (Synthos 3000). The

system temperature was raised to 180°C in 10 minutes and maintained for 60

to 90 minutes. The preset temperature was maintained automatically by

continuous adjustment of the applied power (limited to 800 Watts). The as-

synthesized product was thoroughly washed with distilled water followed by a

small amount of iso-propanol and dried at 60°C for 24 h.

Characterization Methods

Powder X-ray diffraction was performed on a Bruker D8—Advance

powder diffractometer equipped with Vantec-1 detector, using Cu-Kd radiation

(A: 154055) in the range from 5°to 80° (20) at a step size of 0.025° using

Bragg-Brentano geometry. X-ray data refinement was carried out by

conventional Rietveld refinement method using the Bruker—AXS TOPAS 4.2

software (Bruker-AXS, 2008). The background, scale factor, zero point, lattice

parameters, atomic positions and coefficients for the peak shape function were

14
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iteratively refined until convergence was achieved. The morphologies of the

samples were examined by field-emission scanning electron microscopy (FE-

SEM, LEO 1530) equipped with an energy dispersive X-ray spectroscopy

(EDX) attachment.

Battery Cycling

For electrochemical performance evaluation, a freestanding film type

electrode was fabricated by a facile green approach. In a typical process,

nanofibers were mixed with conducting nanocarbon Super P® and water based

composite binder carboxymethylcellulose (CMC) and styrene-butadiene

rubber(SBR) (CMC/SBR: 2:1) in 70:27:3 weight ratio. The mixture was

dispersed in small amount of water by using an ultrasonic mixer to obtain a

stable homogeneous ink which was filtered through Durapore® DVPP 0.65 pm

filtration membrane. The water soluble CMC facilitates the dispersion of

hydrophobic carbon particles into water and enables its intimate mixing with the

nanofibers. Whereas SBR with high binding abilities for a small amount

provides adhesion and electrode flexibility. The binder molecules not involved in

this anchoring and adhesion get washed away during filtration and that way

electrode films with very small binder content is achieved. After drying at 60°C

the composite film automatically came off which was then punched into 1 cm2

electrode coins. The electrodes were further dried at 180°C for 1 h (H2V30g) or

60°C for 12 h (for ZnXV205.nH20). The electrochemical properties were

investigated in PFA based Swagelok® type cell using 1 M ZnSO4 in water as the

electrolyte and titanium or stainless steel rods as the current collector. The

H2V308 or ZnXV205.nH20 and zinc foil served as the positive and negative

15

UW Exhibit 1002, pg. 277



UW Exhibit 1002, pg. 278

WO 2016/197236 PCT/CA2016/050613

electrodes, respectively. Galvanostatic cycling studies were performed using

multichannel biologic VMP3 potentiostat/galvanostat.

Three-Electrode Electrochemical Measurements

The voltam metric electrochemical experiments were performed with a

three-electrode cell consisting of the working electrode, Pt mesh (1 cm2) as the

counter electrode, and an Ag/AgCl (3 M KCI) reference electrode. The working

electrodes examined were a Zn disk ((p = 2 mm), a Ti disk ((p = 2 mm), a

stainless steel rod (316 grade, (p = 12 mm), and the H2V308 composite

electrode. Cyclic voltammetry was performed at a scan rate of 5 mV/s and

linear sweep voltammograms were acquired at 1 mV/s. These techniques were

controlled with a CHI7OOE potentiostat (CH Instruments, Inc.). The electrolytes

used were 1 M Na2804 for the hydrogen evolution reaction and 1 M ZnSO4 for

zinc plating/stripping and the oxygen evolution reaction. All experiments were

performed at room temperature (23 i 2°C).

Results and Discussion

The operating voltage of all secondary aqueous batteries is limited by

the potentials for hydrogen evolution and oxygen evolution from water

electrolysis. Since both the hydrogen and oxygen evolution reactions (HER and

OER, respectively) are pH dependent (see reactions 2 to 5) and catalytic in

nature, the precise potential at which they occur is sensitive to the electrolyte

composition and electrode material. HER and OER occur during charge at the

negative and positive electrodes, respectively, and are displayed below in

reactions 2 to 5, while the zinc deposition reaction is shown in reaction 1:

Cathodic Reactions:

Zinc Deposition:

16
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(1) Zn2+ + 2e' a Zn E°= -o.7s v vs. SHE

Hydrogen Evolution Reaction (HER):

(2) 2H20 + 2e' —> H2 + ZOH' °= -0.83 V vs. SHE

(3) 2H+ + 2e" —> H2 E°= 0.00 V vs. SHE

Anodic Reactions:

Oxygen Evolution Reaction (OER):

(4) 40H" —> 02 + 2H20 + 4e" E°= 0.40 V vs. SHE

(5) 2H20 —> 02 + 4H+ + 4e" E°= 1.23 V vs. SHE

To examine the suitability of a metallic zinc negative electrode for

secondary zinc-ion batteries, linear sweep voltammetry was used to probe the

HER. In Figure 2, a zinc-ion-free (1 M Na2804) electrolyte was used which

contained the same concentration of the sulfate anion and similar pH value (4-

5) as the 1 M ZnSO4 electrolyte used for all other studies. Here, it can be seen

that the hydrogen evolution reaction has an overpotential of ~0.4 V with respect

to Pt on both zinc metal and titanium metal. Titanium was found to be an

excellent current collector for the negative, comparable to Zn itself, as evident

from Figure 3A, which also shows that zinc deposition on a zinc electrode in 1

M ZnSO4 occurs at a higher potential than the HER. Stainless steel was

deemed to be unsuitable as a current collector for the negative electrode as it

catalyzes the HER and competes with zinc electrodeposition (Figure 33).

On the other hand, zinc deposition and stripping was completely

reversible on titanium as displayed in Figure 4A. The coulombic efficiency

(Qox/Qred) was 100 % over 100 cycles on titanium with no loss in the electrical

charge (O) for deposition or stripping. Stainless steel suffered from a decay in

both Qred and Oox, even for the first 10 cycles (Figure 4B). On stainless steel
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the coulombic efficiency was only 87 % for the first cycle and 74 % for the tenth

cycle. This shows that the excess charge during reduction (Qred) goes towards

the HER.

Since the OER dictates the maximum potential for the positive electrode,

this was first examined on stainless steel, a practical current collector material.

Titanium also has a high overpotential for OER, however, we suspect that OER

on many Zn2+-intercalation materials will have activity similar to stainless steel

which is why we show the result for OER on stainless steel rather than titanium.

Figure 5 displays the linear voltammograms for Zn electrodeposition

onto a Zn disk and OER on a stainless steel rod in 1 M ZnSO4 at 1 mV/s. This

plot provides the maximum possible operating voltage window of a secondary

Zn-ion battery using 1 M ZnSO4 which is ~2.4 V. Obviously, the positive

electrode of choice must be tested, particularly if a high-voltage material is to be

used. In our case, the upper voltage cut-off for batteries with H2V308 and

ZnXV205.nH20 are 1.1 V and 1.4 V respectively, which is well below the limit at

which OER will occur at these materials.

The hydrothermal method has evolved into an important wet chemistry

method for the synthesis of nanostructured vanadium oxide materials.

However, such process could though be time consuming, as in the synthesis of

H2V308 nanobelts which requires hydrothermal treatment of V205 in water for 2-

3 days at 210°C. By introducing the microwave heat treatment, we have

developed a versatile and scalable synthetic approach for the rapid synthesis of

ultralong H2V30s and anV205.nHZO nanofibers. Water is known to strongly

interact with the microwave radiation via a dipolar-microwave interaction,

leading to rapidly superheated local regions in the reaction media. In contrast to
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typical hydrothermal methods where slow heating mainly occurs via thermal

conduction mechanism, heating of the entire reaction media through

penetration of microwaves triggers rapid intercalation-exfoliation and cleavage

of V205 into nanosheets and finally into H2V308 or ZnXV205.nH20 nanofibers.

Phase purity of the as-synthesized materials was confirmed by Rietveld

refinement of the powder diffraction pattern as shown in Figure 6A for H2V308

and Figure 6B for ZnXV205.nHZO. The XRD pattern in Figure 6A could be

refined to an orthorhombic Pnam V307.H20 (H2V308) with the lattice

parameters of a = 16.87 A, b = 9.33 A, c = 3.63 A, and d = B = y = 90°. Here

V308 layers, which are constructed of V06 octahedra and V05 trigonal

bipyramids, are held by strong hydrogen bonding together with van der walls

interaction. The H20 molecule bound to the vanadium atom in place of one

oxygen in V06 octahedra creates hydrogen bond with the octahedra in the next

layer, forming a layered 3D structure. The hydrogen bonded layered structure is

found to be very stable up to a temperature of ~300 °C when the structure

dehydrates.

The pattern in Figure 6B was refined to a composition of Zn0_25V205.H20

crystallizing in P-1 triclinic system with lattice parameters of a = 10.75 A, b =

7.77 A, c = 10.42 A, a = 9126", p = 9031", and v = 88.66", which closely

resemble the Zno_25V205.H20 phase for which the structure was solved by

single crystal diffraction. Here the structure consists of V205 layer, built up of

V06 octahedra, VOstrigonal bypyramids, and V04 tetrahedra, stacked along 0

axis with the interlayer Zn atom coordinating to the oxygen apices on opposite

sides and the oxygen atoms of the in plane water molecules.

19

UW Exhibit 1002, pg. 281



UW Exhibit 1002, pg. 282

WO 2016/197236 PCT/CA2016/050613

SEM investigation as presented in Figures 7A, 7B, 7C and 7C reveals

highly uniform and ultralong one dimensional morphology for both the materials.

At a closer look, H2V308 (Figure 7A and TB) appears to have a ribbon like

morphology and Zn0_25V205.H20 (Figure 7C and 7D) seems to adopt a feather

like structure. Both the fibers have a diameter of about 100 nm. To the

inventors’ knowledge, this is first time Zn0_25V205.H20 has been synthesized in

such nanomorphology.

Unlike conventional NMP (N-methyl-2—pyrrolidone) based Li—ion battery

electrode slurry fabrication, which is expensive and time consuming due to the

use of NMP, we have developed a novel and versatile electrode fabrication

approach in this work. A water based ink was prepared for both the material by

ultrasonic dispersion with conductive carbon and minimum (3%) amount of

aqueous based binder CMC and SBR. The ink was passed through a PVDF

based membrane filter resulting in a compact film, which upon drying (at 60°C)

spontaneously comes off the hydrophobic membrane due to the hydrophilic

nature of the oxide based electrode film. The wool like textile morphology of the

used materials facilitate dense mat type film electrode formation. Notably, the

thickness and the loading of the film can be easily varied by adjusting the

amount of ink and the PVDF membrane filter can be reused multiple times. The

use of water as the solvent and water based cheap binders along with the

recurring use of the PVDF filter membrane makes the process very cost

effective and environmentally green. The use of freestanding film electrode also

allow us to avoid possible corrosion issues of metal foil, which is otherwise

used to deposit an electrode film, and focus on electrochemical zinc storage

properties of the active materials only.
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The reversible electrochemical Zn2+ storage capabilities of H2V308 and

Zno_25V205.H20 were explored in full cells by applying galvanostatic techniques.

The electrodes were studied in different voltage windows to elucidate the

optimal voltage range for highly reversible electrochemical cycling. Based on

this study, voltage windows of 0.4 V — 1.1 V and 0.5 — 1.4 V vs. Zn were

determined for the H2V308 and Zno_25V205.H20 electrodes, respectively, which

clearly fall within the safe operational window in aqueous electrolyte (1 M

ZnSO4 in H20) using Zn anode and Ti rod as the current collector (see

discussion above). Cycling in larger voltage window results in higher specific

capacities, but structural stress generated from the insertion of large amount of

zinc results in pulverization of the electrode and rapid capacity fading and

therefore was avoided. Moreover, a practical voltage window not only enable

better cyclability, but also ensure lesser voltage polarization and an adequate

operating voltage suitable for practical application.

Figures 8A and BB show the voltage polarization curves for the two

electrodes at different current rates. A rate of 1C (the C-rate is a measure of

rate at which the cell is discharged or charged relative to its maximum capacity;

a 10 rate means that the discharge/charge current will discharge/charge the

cell in 1 h) was defined as 350 mA g'1 and 300 mA g'1 for H2V308 and

Zn0_25V205.H20 respectively, based on the highest capacity achieved at a

moderate current density. Figure 8A demonstrates the variation of cell voltage

for H2V308 electrode as a function of obtainable specific capacity. The voltage

profile shows a small plateau delivering ~1OO mAh g'1 of capacity at around 0.8

V, following which it varies in slope registering high specific capacity of 325

mAh g'1 and 270 mAh g'1 at high rates of 4c (1400 mA g") and BC (2800 mA g'
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1), respectively. Depending on the applied current rates close to 1.5 to 2, Zn2+

ions are electrochemically intercalated during discharge. An average operating

voltage of ~O.64 V is obtained for this electrode irrespective of the rate. On the

contrary Zn0_25V205.H20 electrode demonstrates a higher average operating

voltage of ~0.8 V at all current densities (Figure BB). This is most likely the

consequence of higher average oxidation state of V in Zn0_25V205.H20 (V4'8+)

compared to that in H2V308 (V4'66+) including the effect from structural

energetics.

For Zn0_25V205.H20, typical discharge-charge polarization curves display

sloping behavior with some small plateau like feature, suggesting a dominant

solid-solution type process associated with electrochemical zinc (de)insertion.

Interestingly, at higher current rates, discharge-charge capacities increased

with cycling, reaching highest value after some cycling. This is most likely

related to the kinetic limitation of Zn2+ diffusion into the layered structure of the

electrode, requiring multiple discharge-charge cycles to open up accessible

intercalation sites, before optimal capacity could be achieved. The

Zno_25V205.H20 electrodes registered a specific capacity of ~300 mAh g'1 (at

0/6: 50 mA g"), which is slightly lower than the H2V308 electrode. Typically,

about 1.2 Zn2+ ions are intercalated per mole of Zn0_25V205.H20 during the

electrochemical discharge process. The high specific capacities obtained for

both materials can be ascribed to the large specific surface area and short

diffusion distances provided by the nanofiber morphology. It is also important to

note that for both the electrodes the voltage polarization curves recorded in the

subsequent cycles exhibit identical feature as the first cycle, indicating that the

initial structure is recovered at the end of each charge cycle.
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As a result of nanostructural morphology, flexible film like electrode

architecture, and structural reversibility upon Zn2+ de(intercalation) both the

electrodes demonstrate superior cyclability at high current rates. Figures 9A to

9D show specific capacity and coulombic efficiency of the H2V308 (Figure 9A

and Figure QB) and Zno_25V205.H20 (Figure 9C and Figure 9D) as a function

of cycling at 4C (Figure 9A and Figure 9C) and 80 (Figure QB and Figure 9D)

current rates (For the definition of C rate for H2V308 and Zn0_25V205.H20 see

above). As evident, the Zno_25V205.H20 based cell registered excellent

cyclability at 8C rate, retaining 80% of the initial specific capacity after 1000

cycles. At 40, a similar cell delivered 500 cycles with only 20% drop in the initial

capacity. Whereas, identical H2V308 cells demonstrated slightly inferior capacity

retention delivering about 40% and 30% of the initial reversible capacity at the

end of 300 and 500 cycles, when operated at current rate of 4C and 8C,

respectively.

It is important to note that the H2V308 cell showed distinctively better

cycling behavior at higher current rate (8C). This can be linked to the

comparatively lower amount Zn2+ intercalation per mole of H2V308, leading to

lesser structural strain, which ensures better cyclability. However this feature is

not very prominent for the Zno_25V205.H20 based electrode, which suggests

higher structural flexibility of Zn0_25V2O5.H20 towards Zn2+ (de)intercalation.

Higher structural flexibility granted by the presence of interlayer an+ ions also

ensures excellent electrochemical cyclability of the Zno_25V205.H20 cells. On the

contrary, hydrogen bonded VOX interlayer in H2V308 lack structural rigidity and

flexibility of Zn0_25V205.H20, resulting in slightly poor capacity retention. For all

the studies nearly 100% coulombic efficiency was registered as a function of
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cycling, which further confirms the high degree of reversibility of

electrochemical Zn2+ (de)intercalation into the layered structure of presented

vanadium oxide materials.

By virtue of 1D nanomorphology and film like compact yet flexible

electrode architecture both the materials delivered splendid rate performance

under variable current loading as a function of cycling. Figure 10A shows rate

capability of H2V308 and Figure 103 shows rate capability of Zn0_25V205.H20

cell studied under variable current loading as a function of cycling. The

corresponding coulombic efficiencies are also shown. The results are shown in

Figures 10A and 1GB together with the corresponding coulombic efficiencies

registered at variable rates. As expected, Zno_25V205.H20 electrode

demonstrates better rate capability; starting with an initial capacity of 285 mAh

g'1 at 1C rate, the cell delivers 260 mAh g'1 of durable capacity at 80, which

reverts back to 285 mAh g’1 of capacity at 10 rate, nearly identical to the initial

1C capacity. Whereas H2V308, starting with a slightly higher initial 10 capacity

of 335 mAh g'1 falls to 222 mAh g'1 of capacity at 8C rate, which doesn’t

completely recover at 10 at the end of variable current load test. Similar to

electrochemical cyclability, better rate performance of Zn0_25V205.H20

compared to the H2V308 electrode is attributed to its more robust and flexible

layered structure which is efficiently pillared by immobile Zn2+ ions. In both

cases, coulombic efficiency increases with current load, which is expected as

the unwanted side reactions are suppressed at higher current rates.

Based on the galvanostatic cycling and rate performance results, energy

and power densities could be calculated and are presented in the Ragone plot

shown in Figure 1 1. The specific energy density is the total energy that can be
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derived per unit mass of the active electrode material at the cathode. It is the

product of specific discharge capacity (Q in mAh g'1) based on the total mass of

the active electrode material and the operating voltage in one full discharge.

The power density is obtained from the product of current density and average

operating voltage.

As evident, beside good cyclability and excellent rate capability, both the

H2V308 and Zn0_25V205.H20 based cells delivers good energy density at high

power density in comparison to G-MhOg (see reference 1) and Zn3[Fe(CN)6]2,

see reference 2. Zno_25V205.H20 exhibits the highest energy density of the three

positive electrodes at high power and delivers a steady and high energy density

over a wide range of power.

Conclusions

In summary, we have developed two novel layered vanadium oxide

nanomaterials for highly reversible Zn2+ storage at high current rates and long

term cyclability. Besides, a simple scalable microwave synthesis of vanadium

oxide nanomaterials and a versatile water based environmentally green

electrode fabrication process is presented. As has been found, presence of

stable interlayer species, e.g., H20 in H2V308 and Zn2+ and/or H20 in

Zn0_25V205.H2O, plays pivotal role in stabilizing the layered structure against

repeated Zn2+ de(intercalation), and thereby enables long term cyclability with

high specific capacities. Although the average operating cell voltages (0.64 V

for H2V308 and 0.81 V for Zn0_25V205.H20) are rather modest, high specific

capacities of ~300 mAh g'1 ensure high energy density (230-280 Wh kg"),

highest on record among the known aqueous Zn-ion batteries (see Table 1
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below). Good energy density, impressive rate performance and cyclability, cost

effective scalable processing of raw materials and electrodes, and not the least

high abundance and production of zinc metal make these aqueous zinc ion

secondary cells viable candidates for large scale application like grid storage.

 

Positive/Negative Average Energy Capacity Reference

Electrodes Operating Density (Wh Retention (Rate)

Voltage (V) kg'l)
(x—MnOZ/Zn 1.3 V 225 75% After 100

cycles (6C rate) 1

Zinc- 1.7 V 100 75% After 100

hexacyanoferrate/Zn cycles (1C rate) 2

H2V308/Zn 0.64 V 230 70% after 500 Present

cycles (8C rate) Work

ZnogsVzOstO/Zn 0.81 V 280 80% after 1000 Present

cycles (8C rate) Work
 

Table 1. Operating voltage, energy density, and cycling performance of

different rechargeable aqueous Zn-ion batteries.

The foregoing description of the preferred embodiments of the present

disclosure has been presented to illustrate the principles of the invention and

not to limit the disclosure to the particular embodiments illustrated and

described. It is intended that the scope of the invention be defined by all of the

embodiments encompassed within the following claims and their equivalents.
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THEREFORE WHAT IS CLAIMED IS:

1. A zinc ion battery, comprising:

a positive electrode compartment having enclosed therein an intercalation

layered positive electrode material MxV205.nH20, wherein x is in a range from 0.05

to 1, n is in a range from O to 2, wherein M is any one or combination of a d-block

metal ion, f-block metal ion and alkaline earth ion, the metal M ion being in a +2 to

+4 valence state, and wherein said V205 is a layered crystal structure having the

metal ions M pillared between the layers, and waters of hydration coordinated to

the metal ions M;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

2. The zinc ion battery according to claim 1 wherein n is greater than 0 and

less than 1.

3. The zinc ion battery according to claims 1 or 2 wherein some of the waters

of hydration are hydrogen bonded to the layers.
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4. The zinc ion battery according to claims 1, 2 or 3 wherein the negative

electrode comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

5. The zinc ion battery according to claims 1, 2, 3 or 4 wherein the electrolyte

has a pH in a range from about 1 to about 8.

6. The zinc ion battery according to any one of claims 1 to 5 wherein the

electrolyte has a pH in a range from about 4 to about 8.

7. The zinc ion battery according to any one of claims 1 to 6 wherein the

intercalation layered cathode material has a nanostructured morphology which is

defined by an average particle size of less than or equal to 1000 nm in at least one

particle dimension.

8. The zinc ion battery according to claim 7 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

9. The zinc ion battery according to any one of claims 1 to 8 wherein the

intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

10. The zinc ion battery according to claim 9 wherein the particles are coated

with electrically conducting material.
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11. The zinc ion battery according to claim 10 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

12. The zinc ion battery according to claim 9 wherein the particles are

embedded in an electrically conducting matrix.

13. The zinc ion battery according to claim 12 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.

14. The zinc ion battery according to claim 13 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4-ethylenedioxythiophene) (PEDOT).

15. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises zinc metal.

16. The zinc ion battery according to claim 15 wherein the negative electrode is

a zinc metal electrode.
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17. The zinc ion battery according to claim 15 wherein the negative electrode is

a zinc alloy.

18. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

19. The zinc ion battery according to claim 18 wherein the layer of zinc

comprises powdered zinc metal.

20. The zinc ion battery according to claim 18 wherein the layer of zinc

comprises a sheet of zinc metal.

21. The zinc ion battery according to claim 18, 19 or 20 wherein the current

collector is comprised on any one or combination of carbon, boron, lead,

vanadium, chromium, manganese, iron, cobalt, nickel, cadmium, tungsten,

bismuth, tin, indium, antimony, copper, titanium, and zinc metal.

22. The zinc ion battery according to any one of claims 1 to 14 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.
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23. The zinc ion battery according to any one of claims 1 to 22 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.01 to about 10 molar.

24. The zinc ion battery according to any one of claims 1 to 23 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.1 to about 4 M.

25. The zinc ion battery according to claim 23 wherein the salt of zinc

comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate, zinc

iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc triflate,

zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc bromide.

26. A zinc ion battery, comprising:

a positive electrode compartment having enclosed therein and intercalated

layered positive electrode material MxV307.nH20, wherein x is in a range from 0.05

to 1, n is greater than 0 and less than 2, wherein M is any one or combination of a

d-block metal ion, f-block metal ion and alkaline earth ion, the metal M ion being in

a +2 to +4 valence state, and wherein said V307 is a layered crystal structure

having the metal ions M pillared between the layers, and waters of hydration

coordinated to the metal ions M and/or hydrogen bonded to the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

32

UW Exhibit 1002, pg. 294



UW Exhibit 1002, pg. 295

WO 2016/197236 PCT/CA2016/050613

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

27. The material according to claim 26 wherein n is greater than 0 and less than

1 .

28. The zinc ion battery according to claims 26 or 27 wherein the negative

electrode comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

29. The zinc ion battery according to claims 26, 27, or 28 wherein the

electrolyte has a pH in a range from about 1 to about 8.

30. The zinc ion battery according to any one of claims 26 to 29 wherein the

intercalation layered positive electrode material has nanostructured morphology

which is defined by an particle size of less than or equal to 1000 nm in at least one

particle dimension.

31. The zinc ion battery according to claim 30 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

32. The zinc ion battery according to any one of claims 26 to 30 wherein the
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intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

33. The zinc ion battery according to claim 32 wherein the particles are coated

with an electrically conducting material.

34. The zinc ion battery according to claim 33 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

35. The zinc ion battery according to claim 32 wherein the particles are

embedded in an electrically conducting matrix.

36. The zinc ion battery according to claim 35 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.

37. The zinc ion battery according to claim 36 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4—ethylenedioxythiophene) (PEDOT).
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38. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises zinc metal.

39. The zinc ion battery according to claim 38 wherein the negative electrode is

a zinc metal electrode.

40. The zinc ion battery according to claim 38 wherein the negative electrode is

a zinc alloy.

41. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

42. The zinc ion battery according to claim 41 wherein the layer of zinc

comprises powdered zinc metal.

43. The zinc ion battery according to claim 41 wherein the layer of zinc

comprises a sheet of zinc metal.

44. The zinc ion battery according to claim 41, 42 or 43 wherein the current

collector is comprised of any one or combination of carbon, boron, lead, vanadium,
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chromium, manganese, iron, cobalt, nickel, cadmium, tungsten, bismuth, tin,

indium, antimony, copper, titanium, and zinc metal.

45. The zinc ion battery according to any one of claims 26 to 37 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.

46. The zinc ion battery according to any one of claims 26 to 45 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.01 to about 10 Molar.

47. The zinc ion battery according to any one of claims 26 to 46 wherein the

electrolyte further comprises water dissolved zinc present in a range from about

0.1 to about 4 M.

48. The zinc ion battery according to any one of claims 26 to 47 wherein the salt

of zinc comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate,

zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc

tritlate, zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc

bromide.

49. A zinc ion battery; comprising:

a positive electrode compartment having enclosed therein an intercalated

layered positive electrode material MxMoOthgO, wherein x is in a range from O to
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1, y is in a range from 2 to 3, n is in a range from O to 2, wherein M is any one or

combination of a d-block metal ion, f-block metal ion and alkaline earth ion, the

metal M ion being in a +2 to +4 valence state, and wherein said MoOy has a layer

or tunnel crystal structure, and the metal ions M, if present, pillared between the

layers, and waters of hydration coordinated to the metal ions M pillared between

the layers;

a negative electrode compartment having enclosed therein a negative

electrode for storing zinc;

a separator electrically insulating and permeable to zinc ions separating the

positive and negative compartments; and

an electrolyte comprising water and having a salt of zinc dissolved therein.

50. The zinc ion battery according to claim 49 wherein the negative electrode

comprises zinc, and wherein the zinc ion battery is a zinc metal battery.

51. The zinc ion battery according to claims 49 or 50 wherein the electrolyte has

a pH in a range from about 1 to about 8.

52. The zinc ion battery according to any one of claims 49 to 51 wherein the

electrolyte has a pH in a range from about 4 to about 8.

53. The zinc ion battery according to any one of claims 49 to 52 wherein the

intercalation layered positive electrode material has nanostructured morphology
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which is defined by a particle size of less than or equal to 1000 nm in at least one

particle dimension.

54. The zinc ion battery according to claim 53 wherein the average particle size

is less than 500 nm in a direction of Zn ion transport through the particle.

55. The zinc ion battery according to any one of claims 49 to 54 wherein the

intercalation layered positive electrode material has a particulate morphology being

particles having a mean size in a range from about 5 nm to about 50 um.

56. The zinc ion battery according to claim 55 wherein the particles are coated

with electrically conducting material.

57. The zinc ion battery according to claim 56 wherein the electrically

conducting material is any one or combination of carbon powder and conducting

polymer.

58. The zinc ion battery according to claim 55 wherein the particles are

embedded in an electrically conducting matrix.

59. The zinc ion battery according to claim 58 wherein the electrically

conducting matrix comprises any one or combination of carbon and conducting

polymer, and including a binder.
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60. The zinc ion battery according to claim 59 wherein the binder is any one or

combination of styrene butadiene rubber (SBR), sodium carboxymethylcellulose

(CMC), polyvinyl acetate (PVAc), polyethylene glycol (PEG), polybutyl acrylate

(PBA), polyurethane, acrylonitrile, polypyrrole, polyaniline, polytetrafluoroethylene

(PTFE), polyvinylidene fluoride (PVDF), perfluorosulfonic acid (PFSA), and

poly(3,4-ethylenedioxythiophene) (PEDOT).

61. The zinc ion battery according to any one of claims 49 to 60 wherein the

negative electrode comprises zinc metal.

62. The zinc ion battery according to claim 61 wherein the negative electrode is

a zinc metal electrode.

63. The zinc ion battery according to claim 61 wherein the negative electrode is

a zinc alloy.

64. The zinc ion battery according to any one of claims 49 to 60 wherein the

negative electrode comprises a current collector, and a surface of the current

collector facing into the negative electrode compartment having a layer of zinc

bound thereto.

65. The zinc ion battery according to claim 64 wherein the layer of zinc

comprises powdered zinc metal.
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66. The zinc ion battery according to claim 64 wherein the layer of zinc

comprises a sheet of zinc metal.

67. The zinc ion battery according to claim 64, 65 or 66 wherein the current

collector is comprised on any one or combination of carbon, boron, lead,

vanadium, chromium, manganese, iron, cobalt, nickel, cadmium, tungsten,

bismuth, tin, indium, antimony, copper, titanium, and zinc metal.

68. The zinc ion battery according to any one of claims 49 to 67 wherein the

negative electrode comprises a material that can store elemental zinc by any one

or combination of intercalation, conversion, and capacitive storage.

69. The zinc ion battery according to any one of claims 49 to 68 wherein the

electrolyte further comprises water said dissolved zinc present in a range from

about 0.01 to about 10 molar.

70. The zinc ion battery according to any one of claims 49 to 69 wherein the

electrolyte further comprises water said dissolved zinc present in a range from

about0.1 to about 4 M.

71. The zinc ion battery according to any one of claims 49 to 70 wherein the salt

of zinc comprises any one or combination of zinc sulfate, zinc acetate, zinc citrate,
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zinc iodide, zinc chloride, zinc perchlorate, zinc nitrate, zinc phosphate, zinc

tritlate, zinc bis(trifluoromethanesulfonyl)imide, zinc tetrafluoroborate, and zinc

bromide.

72. The zinc ion battery according to any one of claims 49 to 71 wherein n is

greater than 0 and less than 2.

73. The zinc ion battery according to any one of claims 49 to 72 wherein some

of the waters of hydration are hydrogen bonded to the layers.
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Search relevant databases listed below

Generally, do a broad search by keywords and then narrow by keywords and/or classification

Limit search date to filing date of application

Search inventor or applicant in at least CPD
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Keywords: battery, cell, electrochemical, zinc, vanadium, vanadium oxide, vanadium pentoxide, znxv205 or znv205 or mxv205 cathode,
positive, aqueous, water, alkaline

MINIMUM SEARCHING DONE USING THE ABOVE DATABASES ARE SHOWN BELOW.

1 Questel

( (zinc)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (vanad+ or vanadium_oxide or
vanadium_pentoxide)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND
(batter+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND PD <= 2016-05-31
17108 hits

( (batter+ or cell+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND
(zinc)/'l‘l/AB/lW/CLMS/DESC/ODES/OBJ/ADB/lCLM/KEYW/TX AND (VANAD+ OR VANADIUMiOXIDE OR
VANADIUM_PENTOXIDE)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (water or
aqueous)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M)/IPC AND PD <= 2016-05-31
8341 hits

( (BATTER+ OR CELL+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND
(ZINC+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (VANAD+ OR VANADIUM_OXIDE OR
VANADIUM_PENTOXIDE OR V205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (WATER OR
AQUEOUS)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (POSITIVE OR
CA'I‘HODEyl‘I/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/"l‘X ) AND (H01M)/IPC AND PD <= 2016—05—31
8519 hits

( (BATTER+ OR CELL+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND
(ZINC+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (VANAD+ OR VANADIUMiOXIDE OR
VANADIUM_PENTOXIDE OR V205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (WATER OR
AQUEOUS)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (POSITIVE OR
CATHODE)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M-010 OR H01M-004)/IPC AND PD <= 2016-05-31
6549 hits

( (BATTER+ OR CELL+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND
(ZINC+)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (VANAD+ OR VANADIUM_OXIDE OR
VANADIUM_PENTOXIDE OR V205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (WATER OR
AQUEOUS)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (POSITIVE OR
CATHODE)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M-010/36 OR H01M-004/42 OR H01M-
004/485)/IPC AND PD <= 2016—05—31

1645 hits, checked all

( (ZINC+ 5D (BATTER+ OR CELL+))/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (VANAD+ OR
VANADIUM_OXIDE OR VANADIUM_PENTOXIDE OR V205 OR ZNXV205 OR ZNV205 OR
MXV205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M)/IPC AND PD <= 2016-05-31
1296 hits

( (ZINC—l- 51) (BA'1"1‘ER+ OR CELL+))/'l‘l/AB/l W/CLMS/DESC/ODES/OBJ/ADB/ICLEVI/KEYW/IX AND (VANAD+ OR
VANADIUM_OXIDE OR VANADIUM_PENTOXIDE OR V205 OR ZNXV205 OR ZNV205 OR
MXV205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (WATER OR AQUEOUS OR
ALKALINE)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M)/IPC AND PD <= 2016-05-31
1202 hits

( (ZINC+ 5D (BATTER+ OR CELL+))/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (VANAD+ OR
VANADIUM_OXIDE OR VANADIUM_PENTOXIDE OR V205 0R ZNXV205 0R ZNV205 0R
MXV205)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX AND (WATER OR AQUEOUS 0R
ALKALINE)/TI/AB/IW/CLMS/DESC/ODES/OBJ/ADB/ICLM/KEYW/TX ) AND (H01M—010 0R H01M—004/42 0R H01M—004/485)/IPC
AND PD <2 2016-05-31

603 hits, Checked all

2. CIPO Library Discovery Tool

S3 (batter* or cell* )AND zinc* AND ( VANAD* OR V205 or znxv205 or znv205 ) AND ( aqueous or water or alkaline ) Expanders -
Apply related words; Apply equivalent subjects
288

82 (batter* or cell* )AND zinc* AND ( VANAD* OR V205 or znxv205 or znv205 ) AND ( electrode or cathode or positive ) Expanders -
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Apply related words; Apply equivalent subjects
239

SI (batter* or cell* )AND zinc* AND ( VANAD* 0R V205 or znxv205 or znv2o5 ) Expanders - Apply related words; Apply equivalent
subjects

1,165

3. GOOGLE

Used all keywords

4. INTELLECT (Canadian Patent Database)

(filing—date <= 2016—05—3 1) and (H01M* <IN> ipc) and (BA'I‘TER’K OR CELL OR CELLS OR ELECTROCHEMICAL) and zinc* and
(VANAD* OR V205 OR ZNXVZOS OR 7NV205 OR MXVZOS)
517 hits

(filing-date <: 2016-05-31) and (H01M* <IN> ipc) and (BATTER* 0R CELL 0R CELLS 0R ELECTROCHEMICAL) and zinc* and
(VANAD* 0R V205 0R ZNXV205 OR ZNV205 0R MXV205) and (aqueous or water or alkaline)
470 hits

(filing-date <= 2016-05-31) and (1101M 10/* or 1101M 4/* <IN> ipc) and (BATTER* 0R CELL OR CELLS 0R ELECTROCIIEMICAL)
and zinc* and (VANAD* 0R V205 0R ZNXV205 0R ZNV205 0R MXV205) and (aqueous or water or alkaline)
3 5 9 hits

(filing-date <= 2016-05-31) and (H01M* <IN> ipc) and (BATTER* 0R CELL 0R CELLS 0R ELECTROCHEMICAL) and zinc* and
(VANAD* OR V205 OR ZNXV205 OR ZNV205 OR MXV205) AND ((ADAMS <IN> INVENTOR) or (KUNDU <IN> TNVENTOR) or
(NAZAR <IN> INVENTOR»
2 hits

RATIONALE FOR STOPPING SEARCH:

Reasonable time has been spent

4. Documents pertinents identifies / Relevant Documents Found

(En plus des documents cites par le RRI, d‘autres documents qui pourraient s‘averer pertinents lors d‘un traitement supple’mentaire (p.ex.,
Chapitre II) peuvent etre inclus. Les documents devraient etre identifie's en tant que document X, Y ou A. Cependant, une explication
supplementaire de chaque document n‘est pas nécessaire. / In addition to the documents cited in the ISR, other documents Which may be
considered relevant in further prosecution (e.g. C11. II) may be included. Documents should be identified as either X, Y or A document,
however, no further explanation of each document is necessary.)

1. Reference Cited

X document

D1: W0 2013/112660 A1 (ADAMSON at al.) 1 August 2013 (01-08—2013)

D1 discloses a zinc ion battery comprising a positive electrode (cathode), a negative electrode (anode), a separator and an electrolyte. The
cathode comprises a layered material comprising zinc metal oxide or a mixed metal oxide, for example, MnV205 (paragraphs 0012-0014).
Some of the oxides have water of hydration (paragraph 0015). The cathode further comprises carbon and binder which includes
polytetrafluoroethylene (paragraphs 0017—0020). 'Ihe cathode is present in powdered form and disclosed size of powders includes less than
100 nm (paragraph 0170). The anode comprises a material For storing zinc, For example, zinc or manganese or a combination and the zinc can
be in the form ofa powder (paragraphs 0019, 0022, 0135 and 0196). The cathode and anode materials are coated on a current collector
comprising conductive metals, for example, copper (paragraph 0179). The electrolyte comprises a salt of zinc, for example zinc sulfate.
Disclosed concentration of the salt includes 1 mole to 2 moles per kilogram of solution. Disclosed pH of the electrolyte solution includes 3-8
(paragraphs 0181-0186).
A documents

US 5,336,572 (KOKSBANG) 9 August 1994 (09-08-1994)

US 2013/0157138 A1 (METTAN et a1.) 20 June 2013 (20-06-2013)

CN 102110858 (WANG et a1.) 29 June 2011 (29—06—201 1)

LE et al., “Intercalation of Polyvalent Cations into V205 Aerogels”, Chemistry of Materials, Volume 10 (3) (1998), Pages 682—684.

JIAHONG et al., “AC Impedance Study ofthe Aqueous 7.n/V205 Secondary Battery”, ACTA PHYSICOCHIMICA SINICA, Volume 16,
No. 5 (2000), Pages 454-458.
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GIORGETTI et al., “Identification of an unconventional zinc coordination site in anhydrous anV205 aerogels from x-ray absorption”,
Chemistry of Materials, Volume 11(8) (1999), Pages 2257—2264.

ZHANG et al., “Hydrothermal synthesis and characterization of a series of novel zinc vanadium oxides as cathode materials”, Materials
Research Society Symposium — Proceedings, Materials for Electrochemical Energy Storage and Conversion II — Batteries, Capacitors and Fuel
Cells, 496 (1998), Pages 367-372) .

The inventive concept appears to be a zinc- ion battery, comprising a positive electrode compartment having enclosed therein an intercalation
layered positive electrode material MxV205.nH20, a negative electrode compartment having enclosed therein a negative electrode for storing
zinc; a separator electrically insulating and permeable to zinc ions separating the positive and negative compartments; and an electrolyte
comprising water and having a salt of zinc dissolved therein.

2. Novelty — PCT Article 33(2)

Claims 1, 4-9 and 12-25 lack novelty in view of D1 pursuant to PCT Article 33(2).

Claims 2—3 and 10—11 are novel and thus comply with PCT Article 33(2).

3. Inventive Step — PCT Article 33(3)

As claims 1, 4-9 and 12-25 are not novel in view of D1, they cannot be considered to involve an inventive step and thus do not comply with
PC'I‘ Article 3 3(3).

Claims 2-3 and 10-11 do not comply with PCT Article 33(3) having regard to D1 in view of common knowledge in the art. The subject
matter of claims 1, 4-9 and 12-25 is disclosed in D1. The additional features specified in claims 2-3 (that is, the presence of water of
hydration in the oxide) cannot be considered to involve an inventive step since D1 further teaches that some oxides have water of hydration
present, and also the use of metal oxides with water of hydration present in electrode materials is an option that is within the purview of a
person skilled in the art. Furthermore, coating the particles with electrically conducting material as specified in claims 10—11 is also a design
option that is within the purview of a person skilled in the art, since coating electrode materials with carbon is commonly practiced in the art,
thus, the subject matter of claims 10-11 cannot be considered to involve an inventive step.

4. Industrial Applicability — PCT Article 33(4)

The subject matter of claims 1-25 is considered to be industrially applicable and thus complies with the requirements of PCT Article 33(4).

5. CIB additionels / Additional IPCs
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