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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe 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 considerthe 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 thefiling
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and doesnoteliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country hasits own patent law, and a persondesiring a patentin a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countriesdiffer
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 madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidanceasto 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 deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

Forinformation on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includesself-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licensesare issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations 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 5.73 or 5.14.
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This licenseis to be retained by the licensee and maybe usedat any time onorafterthe effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
licenseis not retroactive.

The grantof a license doesnotin 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 themselvesof current regulations especially with
respectto 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 atthis time,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received anyindication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplacein the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSA providesinformation assistanceto the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations 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.govorcall
+1-202-482-6800.
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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 1Z3 (Canadian Citizen) 

 Dr. Dipan Kundu, (Researcher, University of Waterloo), 11 Overlea Dr, # 1012, Kitchener ON 
N2M 5C8 (Indian Citizen) 

Brian David Garnett Adams, (Researcher, University of Waterloo), 228 Morenz Dr., Mitchell 
ON N0K 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-AC02-06CH11357 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-Ion 
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 
MxVnOm oxides (M = metal ion) of compositions such as V2O5, V3O8, V4O11 - 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 of interlayer 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 
H2V3O8 and ZnxV2O5, 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 of a 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-1 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 of the zinc anode.  
 

Introduction 

The energy driven technological revolution of the 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 of a 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 1980s and 1990s, 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 (1 S cm-1) 
compared to non-aqueous electrolytes (1-10 mS cm-1) 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 1) 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 of a metal – low values giving higher cell 
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