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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/361,825 09/08/2020 10767273 438/98 UTIL 3003
76934 7590 08/19/2020
NK Patent Law - Industrial Heat
4917 Waters Edge Dr.
Suite 275

Raleigh, NC 27606

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

Dennis Cravens, Cloudcroft, NM;
IH IP Holdings Limited, St. Helier, JERSEY;

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

IR103 (Rev. 10/09)



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/361,825 03/22/2019 Dennis Cravens 438/98 UTIL
CONFIRMATION NO. 3063
76934 PUBLICATION NOTICE
NK Patent Law - Industrial Heat
4917 Waters Edge Dr. ORI MR
Suite 275 000000119232

Raleigh, NC 27606

Title:METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Publication No.US-2020-0259166-A1
Publication Date:08/13/2020

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



Doc Code: IFEE

Document Description: Issue Fee Payment (PTO-85B)

PTOL/85B-EFS

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.

16361825 22-Mar-2019 Dennis Cravens 438/98 UTIL 3063

TITLE OF INVENTION :

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Entity Status Application Type Art Unit [Class - Subclass EXAMINER
Small Utility under 35 USC111(a) |[1794 229400 NICHOLAS SMITH
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$500 $0 $500 29-Jul-2020 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address:

76934
NK Patent Law - Industrial Heat

4917 Waters Edge Dr.
Suite 275

Raleigh NC 27606
UNITED STATES
19193482194

Current Indicated Fee Address:

nnffirnnrfinnﬁ-hnpprnll com

[ Change of correspondence address requested, system
generated AIA/122-EFS form attached

[ Fee Address indication requested, system generated SB/47-EFS
form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.
Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR1.29(d)), and make the applicable certification online.

Applicant asserting small entity status. See 37 CFR 1.27.

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

O Applicant changing to regular undiscounted fee status.
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

WEB IFEE 1.0



Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
IZ current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any def%egﬂs,]or credit any
overpayment, to Deposit Account Number

X The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[ ] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. NKPATENT LAW

5.Assignee Name(s) and Residence Data To Be Printed

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

Name City State Country Category

IH IP Holdings Limited St. Helier jersey corporation

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Brian D. MacDonald/ Date 07-28-2020

Name Brian D. MacDonald Registration Number | 54288

WEB IFEE 1.0



Electronic Patent Application Fee Transmittal

Application Number:

16361825

Filing Date:

22-Mar-2019

Title of Invention:

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

First Named Inventor/Applicant Name:

Dennis Cravens

Filer:

Brian D. MacDonald/Sandra Hess

Attorney Docket Number:

438/98 UTIL

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sullaj-s'l'g(tsa)l in
Basic Filing:
UTILITY APPL ISSUE FEE 2501 1 500 500
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:




Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 500




Electronic Acknowledgement Receipt

EFS ID: 40126496
Application Number: 16361825
International Application Number:
Confirmation Number: 3063

Title of Invention:

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

First Named Inventor/Applicant Name:

Dennis Cravens

Customer Number:

76934

Filer:

Brian D. MacDonald/Sandra Hess

Filer Authorized By:

Brian D. MacDonald

Attorney Docket Number: 438/98 UTIL
Receipt Date: 28-JUL-2020
Filing Date: 22-MAR-2019
Time Stamp: 15:26:19

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E20207RF26167790
Deposit Account 506191

Authorized User

Sandra Hess

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

37 CFR 1.20 {Post Issuance fees)




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
45998
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
2942c362e9a27bbb623ba28b94a7cd302c
d262c¢5
Warnings:
Information:
31735
2 Fee Worksheet (SB06) fee-info.pdf no 2
8dd976154263baabcd 009c0b3e65f281666|
c7bSb
Warnings:
Information:
Total Files Size (in bytes) 77733

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.




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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/361,825 03/22/2019 Dennis Cravens 438/98 UTIL 3063
76934 7590 . 06/16/2020 | X AMINDR |
NK Patent Law - Industrial Heat
4917 Waters Edge Dr. SMITH, NICHOLAS A
Suite 275
Raleigh NC 27606 | ART UNIT | PAPER NUMBER |
1794
| NOTIFICATION DATE | DELIVERY MODE |
06/16/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

eofficeaction@appcoll.com
jrnifong @nkpatentlaw.com
usptomail @nkpatentlaw.com

PTOL-90A (Rev. 04/07)



P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
16/361,825 03/22/2019 Cravens, Dennis 438/98 UTIL
EXAMINER

NK Patent Law - Industrial Heat
4917 Waters Edge Dr. Suite 275 NICHOLAS A SMITH
Raleigh, NC 27606 ART UNIT PAPER

1794 20200610

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner for Patents

The IDS submitted 4 June 2020 has been considered.

INICHOLAS A SMITH/
Primary Examiner, Art Unit 1794

PTO-90C (Rev.04-03)




Receipt date: 06/04/2020 16/361,825 - GAU: 179%4

Doc code: IDS PTO/SBI08a (02-18)
o . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement {IDS) Filed 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.

Application Number 16361825
Filing Date P019-03-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%8)

First Named Inventor |Pennis J. Cravens
Art Unit 1794

Examiner Name Nicholas A. Smith

Aftorney Docket Number 438/98 UTIL

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E).@m*lner Cite Patent Number Kind Issue Date Na”.‘e of Patentee or Applicant Relevant Passages or Relevant
Initial No Codet of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns Lines where
1k Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Numbers Code2j Code#| Date PR Passages or Relevant

Document Figures Appear

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

NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . ; '
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
Initials No : : .
publisher, city and/or country where published.

EFS Web 2.1.18

AL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.A.8/



Receipt date: 06/04/2020

STATEMENT

INFORMATION DISCLOSURE

( Not for submission under 37 CFR 1.9%8)

16/361,825 - GAU: 1794
Application Number 16361825
Filing Date 2019-03-22
First Named Inventor | Dennis J. Cravens
BY APPLICANT - 1794
Examiner Name Nicholas A. Smith
Aftorney Docket Number 438/98 UTIL

1 PCT/ International search Report and Written Opinion in International Application No. PCT/US2020/017908 dated 28
MVay 2020

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature

/RICHOLAS A SMITH/

Date Considered

06/10/202¢

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 201.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
41 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.18

AL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.A.8/



Receipt date: 06/04/2020 16/361,825 - GAU: 1794
Application Number 16361825

Filing Date 2019-03-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%8)

First Named Inventor | Dennis J. Cravens
Art Unit 1794

Examiner Name Nicholas A. Smith

Aftorney Docket Number 438/98 UTIL

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection{s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Justin R. Nifong/ Date (YYYY-MM-DD) 2020-06-04
Name/Print Justin R. Nifong Registration Number 9389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18

AL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.A.8/



Receipt date: 06/04/2020 16/361,825 - GAU: 179%4

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.5.C. 552) and the Privacy Act (5 U.5.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 s.

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.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.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 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 hecomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.18

AL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /N.A.8/



Doc code: IDS PTO/SBI08a (02-18)

S . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Infermation Disclosure Statement (IDS) Filed U.5. 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.

Application Number 16361825
Filing Date 0019-03-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.98)

First Named Inventor |Pennis J. Cravens
Art Unit 1794

Examiner Name Nicholas A Smith
Aftorney Docket Number 438/98 UTIL

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E).(?m_' ner| Gite Patent Number Kind Issue Date Nar'_ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U_S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document

Figures Appear

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

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document Country Kind [Publication Aoplicant of cited where Relevant s
Initial* No | Number3 Code2j Code#| Date PP Passages or Relevant

Document Figures Appear

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

NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . .
e (bock, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . ; .
publisher, city andfor country where published.

EFS Web 2.1.18



Application Number 16361825

Filing Date 2019-03-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.98)

First Named Inventor | Dennis J. Cravens
Art Unit 1794

Examiner Name Nicholas A. Smith

Aftorney Docket Number 438/98 UTIL

1 PCT/ International search Report and Written Opinion in Intemational Application No. PCT/US2020/017908 dated 28
Viay 2020

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.18



Application Number 16361825

Filing Date 2019-03-22

INFORMATION DISCLOSURE

First Named Inventor | Dennis J. Cravens

STATEMENT BY APPLICANT

.. Art Unit 1794
( Not for submission under 37 CFR 1.98)

Examiner Name Nicholas A. Smith

Aftorney Docket Number 438/98 UTIL

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}{2).

See attached certification statement.
X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Justin R. Nifong/ Date (YYYY-MM-DD) 2020-06-04

Name/Print Justin R. Nifong Registration Number 9389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
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Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
438-98PCT ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US 2020/017908 12 February 2020 (12.02.2020) 13 February 2019 (13.02.2019)
Applicant

INDUSTRIAL HEAT, LLC

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant

according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 2 sheets.

I:l It is also accompanied by a copy of each prior art document cited in this report.

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

the international application in the language in which it was filed.

|:I a translation of the international application into

, which is the language of

a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. I:l This international search report has been established taking into account the rectification of an obvious mistake

authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

C. |:| With regard to any nucleotide and/or amine acid sequence disclosed in the international application, see Box No. L.

2. I:I Certain claims were found unsearchable (see Box No. II).
3. I:l Unity of invention is lacking (see Box No. III).

4. With regard to the title,
the text is approved as submitted by the applicant.

I:l the text has been established by this Authority to read as follows:

5. With regard to the abstract,

the text is approved as submitted by the applicant.

I:l the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,

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

6. With regard to the drawings,
a.  the figure of the drawings to be published with the abstract is Figure No.

as suggested by the applicant.

|:I as selected by this Authority, because the applicant failed to suggest a figure.

|:I as selected by this Authority, because this figure better characterizes the invention.

b. I:l none of the figures is to be published with the abstract.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2020/017908

A. CLASSIFICATION OF SUBJECT MATTER

C25B 1/04 (2006.01)
C25B 15/02 (2006.01)

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)

C25B 1/00 - 1/12, 9/00 - 9/20, 11/00 - 11/18, 15/00 - 15/08, CO2F 1/46 - 1/48

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

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

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 7452449 B2 (LECTRO PRESS, INC) 18.11.2008,
Y col. 2, lines 5-22, 55-66, col. 3, lines 1-25, 49-56, col. 4, lines 4-5, col. 5, lines 1-6, 8, 12-17, 19, 23
14-37, col. 6, lines 36-66, col. 7-11, example, table 1, claims, fig.1-6
A 7,9-11, 18, 20-22
Y US 5840172 A (WHATMAN INC) 24.11.1998, 1-6, 8, 12-17, 19, 23

claims, col. 1-3, fig. 1-2

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

[]

See patent family annex.

* Special categories of cited documents: “T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
“A”  document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance “X” document of particular relevance; the claimed invention cannot be
“E” earlier document but published on or after the international filing date considered novel or cannot be considered to involve an inventive
“L” 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

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means
“P” document published prior to the international filing date but later than

the priority date claimed

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

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

19 May 2020 (19.05.2020)

28 May 2020 (28.05.2020)

Name and mailing address of the ISA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer

T. Korobova

Telephone No. 8(495) 531-64-81
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Raleigh, North Carolina 27606

(PCT Rule 43bis.1) United States of America

Date of mailing (day/month/vear}

28 May 2020 (28.05.2020)

Applicant’s or agent’s file reference FOR FURTHER ACTION
438-98PCT See paragraph 2 below
International application No. International filing date (day/month/vear} Priority date {dav/month/vear)
PCT/US 2020/017908 12 February 2020 (12.02.2020) 13 February 2019 (13.02.2019)

International Patent Classification (EPC) or both national classification and [PC
C25B 1/04 (2006.01)
C25B 15/02 (2006.01)

Applicant
INDUSTRIAL HEAT, LLC

1. This opinton contains indications relating to the following items:
=1 =1
Box No. [ Basis of the gpinion
Box No. I Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industriai applicability
Box No. IV Lack of unity of invention
Box No. V Reasonped statement under Rule 435is.1{a)i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporiing such statement
Box No. VI Certain documents cited

Box No. VII Certain defects in the international application

Box No. VIIE Certain observations on the international application

OO HO00E

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
Interpational Preliminary Examining Authority ("IPEA™) except that this does not apply where the applicant chooses an Authority

cther than this one to be the IPEA and the chosen [PEA has uotified the lnternational Bureau nnder Rule 56.15is(b) that written
opinions of this [nternational Searching Aunthority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of nwiling of Form
PCT/ISAS220 or before the expiration of 22 mounths frora the priority date, whichever expires later.

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

Name and mailing address of the ISA/RU: Date of completion of this opiniow Anthorized officer
Federal Institute of Industrial Property,
Derezhiovskaya pab- 30-1, Moscow, G-39, 19 May 2020 (19.05.2020) T. Korobova

GSP-3, Russia, 125993
Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Telephone No. 8(495) 531-64-81
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nternational application No.
WRITTEN OPINION OF THEL
INTERNATIONAL SEARCHING AUTHORIKTY PCT/US 2020/017908

Box Ne. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:

the international application in the language in which it was filed.

I:l a translation of the international application into which is the language of a

translation furnished for the purposes of international search (Rules 12.3(a) and Z3.1(b)).

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

3 With regard to any nacleetide and/or amino acid sequence disclosed in the international application, this opinicn has been
’ established on the basis of a sequence listing filed or furnished:
a. D forming part of the international application as filed:
I:l in the form of an Annex €/ST.25 text file.
I:l on paper or in the form of an image file.

b. I:l farnished together with the international application under PCT Rule 13zer.1(a) for the purposes of international search

only in the form of an Annex C/5T.25 text file.
c. I:l furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 137er.1(a)).
D ot pager or in the form of an image file (Rule 13z¢r.1(b) and Administrative nstructions, Section 713).
4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

staternents that the information it the subsequent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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futernational application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US 2020/017908

Box Ne. V Reasoned statement under Rule 435bis.3(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-23 YES
Claims NO
Inventive step (IS) Claims 7,9-11, 18, 20-22 YES
Claims 1-6, 8, 12-17, 19, 23 NG
Inclustrial applicability (IA) Claims 1-23 YES
Claims NO
2. Citations and explanations:

D1: US 7452449 B2;
D2: US 5840172 A.

D1, the closest prior art to the invention according to independent claim 1, discloses a
method of producing hydrogen by water electrolysis (an electrolytic method of loading
hydrogen into a cathode) comprising placing the cathode and an anode in an electrochemical
reaction vessel filled with a solvent, mixing a DC component and an AC component to produce
an electrolytic current, applying the electrolytic current to the cathode, wherein the DC
component includes cycling between a first voltage applied to the cathode for a first period of
time, a second voltage applied to the cathode for a second period time. Wherein the second
voltage is higher than the first voltage, and wherein the second period of time is shorter than the
first period of time, and the peak sum of the voltages supplied by the DC component and AC
component is higher than the dissociation voltage of the solvent (column 2 lines 5-22, 55-66,
column 3 lines 1-25, 49-56, column 4, lines 4-5, column 5 lines 14-37, column 6 lines 36-66,
columns 7-11, example, table 1, claims, fig. 1-6). The AC component has a frequency over 200
kHz (column 10, lines 62-65).

The method according to claim 1 differs from D1 in that the AC component has a frequency
between about 1 Hz and about 100 kHz allowing to load hydrogen into an electrode.
Therefore, claims 1-12 are novel.

However, D2 discloses that the AC component can have a frequency from 50 Hz to 60 kHz,
increasing to a high frequency in the range from 20 to 100 kHz (claim 9), allowing to load
hydrogen into an electrode in the same way as in the claimed invention.

Therefore, claim 1 does not involve an inventive step.

The features of dependent claim 2, characterising performing an initial loading comprising:
mixing an initial DC component and an initial AC component to produce an initial electrolytic
current; applying the initial electrolytic current to the cathode, wherein the initial DC component
includes cycling between: a third voltage applied to the cathode for a third period of time; a
fourth voltage applied to the cathode for a fourth period time; wherein the fourth voltage is
higher than the third voltage; wherein the third period of time and the fourth period of time are

Form PCT/ISA/237 (Box No. V) (January 2015)




International application No.
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Sapplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of V:

approximately the same; and wherein the third voltage is lower than the first voltage and the
fourth voltage is lower than the second voltage, are known from D1 (see column 2 lines 5-22,
55-66, column 3 lines 1-25, 49-56, column 5 lines 14—37, column 6 lines 36—66, columns 7-11,
example, table 1, claims, fig. 1-6).

The features of dependent claim 2, characterising that the initial AC component has a
frequency between 50 Hz and 100 kHz, are known from D2 (see columns 1-3, claims, fig. 1-2).

The features of dependent claims 3—6, characterising that the method comprises sealing the
electrochemical vessel, flushing the electrochemical reaction vessel with a reductive gas prior to
sealing the electrochemical vessel, applying a magnetic field to the electrochemical reaction
vessel, and that the frequency of the AC component is dynamically adjusted, are known from
D1 (see column 2 lines 5-22, 55-66, column 3 lines 1-25, 49-56, column 5 lines 14-37, column
6 lines 36—66, column 7—11, example, table 1, claims, fig. 1-6).

The features of dependent claim 8, characterising that the cathode is comprised of palladium
or a palladium alloy, are known from D1 (see column 4, lines 4-5).

The features of dependent claim 12, characterising that the solvent is a solution containing
LiOD, are known from D1 (see column 11, lines 51-52).

Therefore, claims 2—-6, 8, 12 do not involve an inventive step because they are obvious to a
person skilled in the art from a combination of D1 and D2.

However, the prior art does not disclose the features of dependent claim 7, namely, that the
DC component and AC component of the electrolytic current is mixed with a DC bias, and the
features of dependent claims 9 and 10, namely, that the cathode has a hydrogen diffusion rate
greater than about 0.1 cm?®/cm?/s, and the features of dependent claim 11, characterising that the
solvent is a solution containing LiOH, which allow to increase electrode loading, allowing the
AC component to assist transport through the double layer during fluxing to and from the metal
surface. Such embodiment is not obvious for a person skilled in the art.

Therefore, claims 7, 9—11 involve an inventive step.

D1, the closest prior art to the invention according to independent claim 13, discloses a
system an electrochemical reaction vessel filled with a solvent; a cathode and an anode disposed
within the electrochemical reaction vessel; an electrolytic current source connected to the
cathode, wherein the electrolytic current comprises: a DC component, wherein the DC
component cycles between: a first voltage applied to the cathode for a first period of time; a
second voltage applied to the cathode for a second period time; wherein the second voltage is
higher than the first voltage, and wherein the second period of time is shorter than the first
period of time; wherein the peak sum of the voltages supplied by the DC component and AC
component is higher than the dissociation voltage of the solvent (column 2 lines 5-22, 55-66,
column 3 lines 1-25, 49-56, column 4, lines 4-5, column 5 lines 14-37, column 6 lines 36-66,
columns 7-11, example, table 1, claims, fig. 1-6).

The system according to claim 13 differs from D1 in that the AC component has a frequency
from 1 Hz to 100 kHz allowing to load hydrogen into an electrode.

Therefore, claims 13-23 are novel.

However, D2 discloses that the AC component can have a frequency from 50 Hz to 60 kHz,
increasing to a high frequency in the range from 20 to 100 kHz (see claim 9), allowing to load
hydrogen into an electrode in the same way as in the claimed invention.
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Therefore, claim 13 does not involve an inventive step.

The features of dependent claims 14-17, characterising that the electrochemical reaction
vessel is sealed, the electrochemical reaction vessel is flushed with a reductive gas prior to
sealing, a magnetic field is applied to the electrochemical reaction vessel, and that the frequency
of the AC component is dynamically adjusted, are known from D1 (see column 2 lines 5-22,
55-66, column 3 lines 1-25, 49-56, column 5 lines 14-37, column 6 lines 3666, column 7—-11,
example, table 1, claims, fig. 1-6).

The features of dependent claim 19, characterising that the cathode is comprised of
palladium or a palladium alloy, are known from D1 (see column 4, lines 4-5).

The features of dependent claim 23, characterising that the solvent is a solution containing
LiOD, are known from D1 (see column 11, lines 51-52).

Therefore, claims 14-17, 19, 23 do involve an inventive step.

However, the prior art does not disclose the features of dependent claim 18, namely, that the
DC component and AC component of the electrolytic current is mixed with a DC bias, and the
features of dependent claims 20 and 21, namely, that the cathode has a hydrogen diffusion rate
greater than about 0.1 cm?®/cm?/s, and the features of dependent claim 22, characterising that the
solvent is a solution containing LiOH, which allow to increase electrode loading, allowing the
AC component to assist transport through the double layer during fluxing to and from the metal
surface. Such embodiment is not obvious for a person skilled in the art.

Therefore, claims 18, 20-22 meet the criterion of inventive step.

The group of inventions according to claims 1-23 is industrially applicable.
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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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)

Dennis Cravens, Cloudcroft, NM;
Applicant(s)

IH IP Holdings Limited, St. Helier, JERSEY;

Power of Attorney: The patent practitioners associated with Customer Number 76934

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/804,989 02/13/2019

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: 04/05/2019
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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 16/361,825

Projected Publication Date: 08/13/2020
Non-Publication Request: No

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

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN
Preliminary Class

204
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWw.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
76934 7590 04/29/2020
NK Patent Law - Industrial Heat SMITH, NICHOLAS A
4917 Waters Edge Drive
Suite 275 | ART UNIT PAPER NUMBER |
Raleigh, NC 27606 1794
DATE MAILED: 04/29/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/361,825 03/22/2019 Dennis Cravens 438/98 UTIL 3063

TITLE OF INVENTION: METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

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

nonprovisional SMALL $500 $0.00 $0.00 $500 0772972020

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: ~ Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

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

76934 7590 04/29/2020 Certificate of Mailing or Transmission

NK Patent Law - Industrial Heat I hereby certify that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
4917 Waters Edge Drive addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 275 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Raleigh, NC 27606 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/361,825 03/22/2019 Dennis Cravens 438/98 UTIL 3063

TITLE OF INVENTION: METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 0772972020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
SMITH, NICHOLAS A 1794 204-229400
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e N . NS 2 registered patent attorneys or agents. If no name is
Fee Address” indication (or "Fee Address” Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

() The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

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

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date

Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/361,825 03/22/2019 Dennis Cravens 438/98 UTIL 3063
| EXAMINER |
76934 7590 04/29/2020
NK Patent Law - Industrial Heat SMITH, NICHOLAS A
4917 Waters Edge Drive
Suite 275 | ART UNIT PAPER NUMBER |
Raleigh, NC 27606 1794

DATE MAILED: 04/29/2020

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

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

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

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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



Application No. Applicant(s)
. . 16/361,825 Cravens, Dennis
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NICHOLAS A SMITH 1794 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communication is responsive to interview on 23 April 2020.

(] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. The allowed claim(s) is/are 1-23 . As aresult of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a) LJAll by (J Some  *c¢) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

OJ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1. Notice of References Cited (PTO-892) 5. ¥ Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥l Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.3 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.V Interview Summary (PTO-413),
Paper No./Mail Date. 4/23/20.
/NICHOLAS A SMITH/
Primary Examiner, Art Unit 1794

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200422




Application/Control Number. 16/361,825 Page 2
Art Unit: 1794

DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.
Continued Examination Under 37 CFR 1.114

A request for continued examination under 37 CFR 1.114, including the fee set forth in 37 CFR
1.17(e), was filed in this application after final rejection. Since this application is eligible for continued
examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) has been timely paid, the
finality of the previous Office action has been withdrawn pursuant to 37 CFR 1.114. Applicant's
submission filed on 2 April 2020 has been entered.

EXAMINER'S AMENDMENT

An examiner's amendment to the record appears below. Should the changes and/or additions be
unacceptable to applicant, an amendment may be filed as provided by 37 CFR 1.312. To ensure
consideration of such an amendment, it MUST be submitted no later than the pay ment of the issue fee.

Authorization for this examiner's amendment was given in an inteniew with Brian MacDonald on

23 April 2020.

The application has been amended as follows:
Claim 1 now reads:

1. (Currently Amended) An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current such that the
electrolytic current comprises a DC biased waveform wherein an AC waweform is superimposed
onto a DC waweform;

applying the electrolytic current to the cathode, wherein a first voltage and a second voltage applied
to the cathode relative to the anode that load hydrogen onto the cathode are negative.

wherein the DC component includes cycling between:
the [[a]] first voltage applied to the cathode for a first period of time;
the [[a]] second woltage applied to the cathode for a second period time;
wherein the-secondoltage-is-higherthan the first voltage is more negative than the second
wltage, and




Application/Control Number. 16/361,825 Page 3
Art Unit: 1794

wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and
wherein the peak sum of the wltages supplied by the DC component and AC component is
higher than the dissociation wltage of the solvent.

Claim 2 now reads:

2. (Currently Amended) The method of claim 1, further comprising:
performing an initial loading comprising:

mixing aninitial DC component and an initial AC component to produce an initial electrolytic current
such that the initial electrolytic current comprises a DC biased waveform wherein an AC
waveform is superimposed ontoa DC waveform;

applying the initial electrolytic current to the cathode, wherein a third wltage and a fourth voltage
applied to the cathode relative to the anode that load hydrogen onto the cathode are negative,
wherein the initial DC component includes cycling between:

the [[a]] third woltage applied to the cathode for a third period of time;

the [[a]] fourth voltage applied to the cathode for a fourth period time;

wherein the fourth voltage is higher than the third voltage;

wherein the third period of time and the fourth period of time are approximately the same;
and

wherein the third voltage is lower than the first voltage and the fourth wltage is lower than
the second wltage; and

wherein the initial AC component has a frequency between about 1Hz and about 100kHz.

Claim 13 now reads:

13. (Currently Amended) A system for electrolytic loading of hydrogen into a cathode comprising:

an electrochemical reaction vessel filled with a solvent;

a cathode and an anode disposed within the electrochemical reaction vessel;

an electrolytic current source connected to the cathode, wherein the electrolytic current source is
programmed to apply an electrolytic current to the cathode, wherein a first wltage and a second
wltage applied to the cathode relative to the anode that load hydrogen onto the cathode are
negative, and wherein the electrolytic current comprises:
a DC component, wherein the DC component cycles between:

the [[a]] first voltage applied to the cathode for a first period of time;
the [[a]] second woltage applied to the cathode for a second period time;

wherein the-secondwliage-is-higherthan the first wltage is more negative than the second
wltage, and
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wherein the second period of time is shorter than the first period of time; and
a AC component with a frequency between about 1Hz and about 100kHz;
wherein the peak sum of the wltages supplied by the DC component and AC component is higher
than the dissociation wltage of the solvent and
wherein the DC component and the AC component are mixed such that the electrolytic current
comprises a DC biased waveform wherein an AC waveform is superimposed onto a DC
waveform.
Reasons for Allowance

The following is an examiner’s statement of reasons for allowance: in regards to claim(s) 1, prior

art does not explicitly disclose, teach or suggest an electrolytic method of loading hydrogen into a

cathode, wherein voltages applied to the cathode relative to the anode that load hydrogen onto the

cathode are negative, applying an electrolytic current comprising a mixed waveform of an AC component

and a DC component, wherein the DC component has a first voltage applied for a longer period of time
than a second higher wltage, and wherein the first voltage is more negative than the second wltage.
Weinberg (US 7452449 B2) discloses electrolytic loading of hydrogen on a cathode (col. 2, lines 8-22)
with a mixed AC/DC waveform (Fig. 2). However, Weinberg discloses the shorter pulse of DC (4) is a
higher potential (col. 8, lines 4-8) and would result in enhanced hydrogen packing (col. 8, lines 17-26).
Thus, when Weinberg discloses that the shorter pulse (4) is of “higher potential,” it is clearly disclosing
that it is meant to be a “higher absolute value potential” as that would result in enhanced hydrogen
packing, and thus teaches the opposite of the instant invention. Steinberg (US 20130044847 A1) also
discloses mixed DC and AC being applied for electrolytic loading of a cathode (para 27), but does not
explicitly disclose the above specific DC waveform being applied. The system of claim 13 has an
electrolytic current source programmed to apply the same electrolytic current as instant claim 1 and
defines over the prior art for the same reasons.

Any comments considered necessary by applicant must be submitted no later thanthe payment
of the issue fee and, to awid processing delays, should preferably accompany the issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”
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Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to NICHOLAS A SMITH whose telephone number is (571)272-8760. The examiner can
normally be reached on M-F 9am-5:30pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.goviinteniewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supenvisor,
James Lin can be reached on 571-272-8902. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see htips:/ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR sy stem, contact
the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Senice Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/NICHOLAS A SMITH/
Primary Examiner, Art Unit 1794
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It is not believed that any additional fees are due at this time; however, the Commissioner
is hereby authorized to charge any otherwise unpaid fees associated with the filing of this

correspondence to Deposit Account No. 50-6191.
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Appl. No: 16/361,825
Docket No: 438/98 UTIL
Request Dated: April 29, 2020

Date: April 29, 2020

NK Patent Law

4917 Waters Edge Drive, Suite 275
Raleigh, NC 27606

Telephone:  (919) 348-2194
Facsimile: (919) 882-8195

Customer No. 76934

Respectfully submitted,

/Brian D. MacDonald/
Brian D. MacDonald
Reg. No. 54288
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. ..REPLACEMENT Attorney Docket Number | 438/98 UTIL
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Dennis Cravens

Residence Information (Select One) (® US Residency (O Non US Residency () Active US Military Service

City | Cloudcroft State/Province | NM | Country of Residencé | US

Mailing Address of Inventor:

Address 1 P.O. Box 1317

Address 2

City Cloudcroft | State/Province NM
Postal Code | 88317 | Countryi us

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).

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

Customer Number 76934

Email Address docket@nkpatentlaw.com

Application Information:

Title of the Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Attorney Docket Number| 438/98 UTIL Small Entity Status Claimed [X]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication (if any)

EFS Web 2.2.12
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Attorney Docket Number | 438/98 UTIL

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:

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

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

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

Representative Information:

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

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 76934

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status [ Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Claims benefit of provisional 62/804989 2019-02-13

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.
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. . Attorney Docket Number | 438/98 UTIL
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (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 AlA.
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Attorney Docket Number | 438/98 UTIL

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | 438/98 UTIL

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

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; orthe 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. Ifthe 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.

(® Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O 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 Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | .y qiialdeat LLc  TH IP Holdings Limited

Mailing Address Information For Applicant:

Address 1 310 \West Street. Suite 100 44 Esplanade

Address 2

City Raleigh St. Helier State/Province NC

Country | us JE Postal Code 27803 JE49WG
Phone Number Fax Number

Email Address

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 substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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. . Attorney Docket Number | 438/98 UTIL
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

Assignee 1

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-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country! Postal Code

Phone Number Fax Number

Email Address

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

Signature:

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

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

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

2020-04-29
Signature |/Justin R. Nifong/ Date (YYYY-MM-DD)| 2048-03-22
First Name | Justin Last Name Nifong Registration Number | 59389

Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number

438/98 UTIL

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

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

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

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

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

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

9. Arecord 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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STATEMENT UNDER 37 CFR 3.73(c)
IH IP Holdings Limited

Application No./Patent No.: _16/361,825 Filed/Issue Date: March 22, 2019
Titleq: METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

IH IP Holdings Limited . a Limited Liability Corporation

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:| There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 950035 , Frame 0547 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel ~~~ ,Frame__ , orforwhich a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

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

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

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

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

/Brian D. MacDonald/ April 29, 2020
Signature Date

Brian D. MacDonald 54288

Printed or Typed Name Title or Registration Number

[Page 2 of 2]




Privacy Act Statement

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

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

1.

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

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
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Amendments to the Claims:

The claims are amended as follows and will replace all previous versions and listings of claims:

Claims:

1. (Currently Amended) An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current_such that

the electrolvtic current comprises a DC biased waveform wherein an AC waveform is

superimposed onto a DC waveform;

applying the electrolytic current to the cathode,
wherein the DC component includes cycling between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and
wherein the peak sum of the voltages supplied by the DC component and AC component

is higher than the dissociation voltage of the solvent.

2. (Currently Amended) The method of claim 1, further comprising:
performing an initial loading comprising:
mixing an initial DC component and an initial AC component to produce an initial

electrolytic current_such that the initial electrolytic current comprises a DC biased

waveform wherein an AC waveform is superimposed onto a DC waveform;

applying the initial electrolytic current to the cathode,

wherein the initial DC component includes cycling between:

438/98 UTIL Page 2 of 9
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a third voltage applied to the cathode for a third period of time;

a fourth voltage applied to the cathode for a fourth period time;

wherein the fourth voltage is higher than the third voltage;

wherein the third period of time and the fourth period of time are approximately
the same; and

wherein the third voltage is lower than the first voltage and the fourth voltage is
lower than the second voltage; and

wherein the initial AC component has a frequency between about 1Hz and about

100kHz.

3. (Previously Presented) The method of claim 1, further comprising sealing the electrochemical

reaction vessel.

4. (Previously Presented) The method of claim 3, further comprising flushing the electrochemical

reaction vessel with a reductive gas prior to sealing the electrochemical vessel.

5. (Previously Presented) The method of claim 1, further comprising applying a magnetic field to

the electrochemical reaction vessel.

6. (Previously Presented) The method of claim 1, wherein the frequency of the AC component is

dynamically adjusted.

7. (Previously Presented) The method of claim 1, wherein the DC component and AC component

of the electrolytic current is mixed with a DC bias.

8. (Previously Presented) The method of claim 1, wherein the cathode is comprised of at least one

438/98 UTIL Page 3 of 9
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of palladium or a palladium alloy.

9. (Previously Presented) The method of claim 1, wherein the cathode has a hydrogen diffusion

rate greater than about 0.1 cm?/cm?/s.

10. (Previously Presented) The method of claim 1, wherein the cathode has a hydrogen diffusion

rate greater than about 1.4 cm*/cm?/s.

11. (Previously Presented) The method of claim 1, wherein the solvent is a solution containing

LiOH.

12. (Previously Presented) The method of claim 1, wherein the solvent is a solution containing

LiOD.

13. (Currently Amended) A system for electrolytic loading of hydrogen into a cathode
comprising:
an electrochemical reaction vessel filled with a solvent;
a cathode and an anode disposed within the electrochemical reaction vessel;
an electrolytic current source connected to the cathode, wherein the electrolytic current
comprises:
a DC component, wherein the DC component cycles between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and

a AC component with a frequency between about 1Hz and about 100kHz;
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wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent_and

wherein the DC component and the AC component are mixed such that the electrolvtic

current comprises a DC biased waveform wherein an AC waveform is superimposed

onto a DC waveform.

14. (Previously Presented) The system of claim 13, wherein the electrochemical reaction vessel is

sealed.

15. (Previously Presented) The system of claim 14, wherein the electrochemical reaction vessel is

flushed with a reductive gas prior to sealing.

16. (Previously Presented) The system of claim 13, further comprising a magnetic field applied to

the electro chemical reaction vessel.

17. (Previously Presented) The system of claim 13, wherein the frequency of the AC component

is dynamically adjusted.

18. (Previously Presented) The system of claim 13, further comprising a mixer, wherein the mixer

mixes the DC component and AC component of the electrolytic current with a DC bias.

19. (Previously Presented) The system of claim 13, wherein the cathode is comprised of at least

one of palladium or a palladium alloy.

20. (Previously Presented) The system of claim 13, wherein the cathode has a hydrogen diffusion

rate greater than about 0.1 cm?/cm?/s.
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21. (Previously Presented) The system of claim 13, wherein the cathode has a hydrogen diffusion

rate greater than about 1.4 cm?/cm?/s.

22. (Previously Presented) The system of claim 13, wherein the solvent is a solution containing

LiOH.

23. (Previously Presented) The system of claim 13, wherein the solvent is a solution containing

LiOD.
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REMARKS
This is in response to the Final office action mailed January 13, 2020. Claims 1-23 stand
rejected. Claims 1, 2, and 13 have been amended. Support for the amendments can be found, inter
alia, paragraphs [0006], [0009], and [0023]-[0030] of the specification. No new matter has been
added. Reconsideration and withdrawal of the rejections are respectfully requested in view of the

remarks below.

Rejections under 35 U.S.C. § 102

Claims 1, 3, 7-8, 12-13, 18-19 and 23 stand rejected under 35 U.S.C. § 102 as being
unpatentable over Weinberg (U.S. 7,452,449). The rejection is traversed. Respectfully, Applicant
submits that Weinberg fails to teach each and every limitation of amended independent claims 1
and 13.

Claim 1, as amended, recites in pertinent part, “mixing a DC component and an AC
component to produce an electrolytic current such that the electrolytic current comprises a DC
biased waveform wherein an AC waveform is superimposed onto a DC waveform.” Independent
claim 13 recites similar or identical limitations.

Respectfully, Applicant submits that Weinberg does not teach mixing DC and AC
waveforms in the manner recited in the instant limitation. Weinberg teaches applying a repeating
sequence of voltages across the cathode, each sequence consisting of a first cell voltage regime
and a second cell voltage regime. See, e.g., Weinberg at 4:18-23. Weinberg teaches that the first
cell voltage comprises a DC current, Weinberg at 6:53-59, while the second cell voltage may
comprise an AC current. Weinberg at 8:4-16. In other words, Weinberg only teaches applying AC
and DC currents in repeating sequence, rather than applying a mixed DC biased AC-DC

waveform as the amended claim recites. Thus, Weinberg does not teach the recited limitation.
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Weinberg does not teach each and every limitation of independent claims 1 and 13.
Accordingly, Weinberg does not anticipate claims 1 and 13. Claims 3, 7-8, 12, 18-19 and 23

depend from claims 1 and 13 and are allowable for at least the same reasons.

Rejections under 35 U.S.C. § 103

Claim 2 stands rejected as being unpatentable over Weinberg.

Claims 4 and 15 stand rejected as being unpatentable over Weinberg in view of Alcaraz
(US 2018/0087165).

Claims 5, 11, 16, and 22 stand rejected as being unpatentable over Weinberg in view of
Hubber (US 2017/0323692).

Claims 6 and 17 stand rejected as being unpatentable over Weinberg in view of Jouanneau
(US 2006/0088138).

Claims 9-10 and 20-21 stand rejected as being unpatentable over Weinberg in view of
Bellanger (US 4,487,670).

Applicant respectfully submits that Weinberg fails to teach each and every limitation of
the independent claims for the reasons discussed above. The secondary references of record do
not address the shortcomings of Weinberg. Claims 2, 4-6, 9-11, 15-17, and 20-22 depend from

independent claim 1 and 13 and are therefore allowable for at least the same reasons.
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CONCLUSION
In view of the foregoing, Applicant respectfully submits that the application is in
condition for allowance. Applicant respectfully requests the Examiner to contact the

undersigned attorney/agent if there are any outstanding issues.

DEPOSIT ACCOUNT
The Commissioner is hereby authorized to charge any otherwise unpaid fees associated

with the filing of this correspondence to Deposit Account No. 50-6191.

Respectfully submitted,

Date: April 2, 2020 {Joseph Shin/
Joseph Shin
Attorney for Applicant
Reg. No. 67,873

NK Patent Law

4917 Waters Edge Drive, Suite 275
Raleigh, NC 27606

Telephone:  (919) 348-2194
Facsimile: (919) 882-8195

Customer No. 115007
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.

Claim Rejections-35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A personshall be entitled to a patentunless —

(a)(1) the claimed invention was patented, described in a printed publication, or in publicuse,

on sale orotherwise available to the public before the effective filing date of the claimed

invention.

Claim(s) 1, 3, 7-8, 12-14, 18-19 and 23 is/are rejected under 35 U.S.C. 102(a)(1) as being
anticipated by Weinberg (US 7452449 B2).

In regards to claim(s) 1, Weinberg discloses a method of loading hydrogen onto a cathode (col. 3,
line 66 to col. 4, line 17) comprising applying to the cathode pulsed DC mixed with an AC waveform (Fig.
2). Weinberg discloses the DC component is pulsed (the pulse reading on the second, shorter period of
time and the second, higher wltage; Fig. 2; Table 1). Weinberg discloses the AC waveform has a
frequency matching that of the DC pulse frequency (Fig. 2). Weinberg discloses the DC duty cycle is 1
usec + 1050 ysec, corresponding to 951 Hz. Weinberg discloses the solvent (D-0/LiOD; example)
dissociates under these wltages (col. 4, lines 16-30).

In regards to claim(s) 3, Weinberg discloses sealing the reactor (cell cover 40; Fig. 5).

In regards to claim(s) 7, Weinberg discloses that there is a non-zero value for the first voltage
(Fig. 2) and thus there is a DC bias.

In regards to claim(s) 8, Weinberg discloses a palladium cathode (col. 11, lines 44-47).

In regards to claim(s) 12, Weinberg discloses LiOD (Example).

In regards to claim(s) 13, Weinberg discloses a system with an electrochemical reaction vessel
filled with a solvent (Fig. 5), an anode (30) and a cathode (26). Weinberg discloses an electrolytic current
source (32; Fig. 5). Weinberg discloses loading hydrogen onto a cathode (col. 3, line 66 to col. 4, line 17)

comprising applying to the cathode pulsed DC mixed with an AC waveform (Fig. 2). Weinberg discloses
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the DC component is pulsed (the pulse reading on the second, shorter period of time and the second,
higher wltage; Fig. 2; Table 1). Weinberg discloses the AC waveform has a frequency matching that of
the DC pulse frequency (Fig. 2). Weinberg discloses the DC duty cycle is 1 usec + 1050 usec,
corresponding to 951 Hz. Weinberg discloses the solvent (D-O/LiOD; example) dissociates under these
voltages (col. 4, lines 16-30).

In regards to claim(s) 14, Weinberg discloses sealing the reactor (cell cover 40; Fig. 5).

In regards to claim(s) 18, Weinberg discloses that there is a non-zero value for the first voltage
(Fig. 2) and thus there is a DC bias.

In regards to claim(s) 19, Weinberg discloses a palladium cathode (col. 11, lines 44-47).

In regards to claim(s) 23, Weinberg discloses LiOD (Example).

Claim Rejections-35 USC § 103

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention maynotbe obtained, notwithstanding thatthe claimed

invention is not identicallydisclosed as setforth in section 102, if the differences between the

claimed invention and the prior artare such thatthe claimed invention as a whole would have

been obvious before the effective filing date of the claimed invention to a person having

ordinaryskillinthe art to which the claimed invention pertains. Patentabilitys hall notbe
negated by the mannerinwhich the invention was made.

Claim 2 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg.

In regards to claim(s) 2, Weinberg does not explicitly disclose wherein an initial loading period
has an initial DC component with third and fourth voltages of a lower voltage than the first and second
voltages being applied along with an initial AC component, with third and fourth period of times being
approximately the same.

Weinberg discloses an initial loading period (steps (a)-(c) in Fig. 1) that occurs before the first cell
voltage regime and second cell voltage regime (steps (d)-(e) in Fig. 1, also corresponding to Fig. 2; see
col. 7, line 25 to col. 8, line 31). Weinberg discloses the wltage applied can be any of a list of potentials,
including both square wave and biphasic, and combinations thereof (col. 6, lines 36-48). Weinberg's
square wave potential meets the limitation of an initial DC component with third and fourth voltages with
third and fourth period of times being approximately the same, while Fig. 2 discloses the initial period has

lower woltages than the first and second wltages. It would have been obvious to one of ordinary sKkill in
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the art at the time the invention was filed to modify the method of Weinberg to choose the superimposed
square wave and biphasic for the initial loading period because there are a limited number of options and
Weinberg explicitly discloses combining. See MPEP 2141 IlI (E).

Claims 4 and 15 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg in
view of Alcaraz (US 20180087165 A1).

In regards to claim(s) 4 and 15, Weinberg does not explicitly disclose filling with a reductive gas
prior to sealing the vessel.

Alcaraz pertains to electrolysis systems that produce hydrogen (para 2) and is therefore in the
same field of endeavor as Weinberg. Alcaraz discloses flushing the system with a carrier gas, such as
argon or hydrogen (para 82). It would have been obvious to one of ordinary skill in the art at the time the
invention was filed to modify the method or sy stem of Weinberg with Alcaraz’s flushing, reductive gas as it
removes oxygen and other gaseous impurities from the reaction chamber (Alcaraz, para 82).

Claims 5, 11, 16 and 22 is/are rejected under 35 U.S.C. 103 as being unpatentable over
Weinberg in view of Hubler (US 20170323692 A1).

In regards to claim(s) 5 and 16, Weinberg does not explicitly disclose applying a magnetic field.

Hubler pertains to electrolytic reactions with a crystalline cathode in an electrolytic apparatus
(abstract) and is therefore in the same field of endeavor as Weinberg. Hubler discloses applying a
magnetic field (para 96). It would have been obvious to one of ordinary skill in the art at the time the
invention was filed to modify the method or sy stem of Weinberg with Hubler's magnetic field because
such improves efficiency (Hubler, para 72).

In regards to claim(s) 11 and 22, Weinberg does not explicitly disclose LiOH.

Hubler discloses using D-O/LiOH (para 24). It would have been obvious to one of ordinary skill in
the art at the time the invention was filed to modify the method or system of Weinberg with Hubler’s
electrolyte/solvent because such is taught in the art; such a modification would provide predictable results
since both Hubler and Weinberg pertain to loading Pd cathodes and Weinberg discloses using metal

hydroxides (col. 5, lines 14-28). See MPEP 2141 Il (A).
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Claims 6 and 17 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg in
view of Jouanneau (US 20060088138 A1).

In regards to claim(s) 6 and 17, Weinberg does not explicitly disclose dynamically adjusting the
frequency of the AC component.

Jouanneau pertains to hydrogen loading of a cathode electrolytically (Fig. 1; para 15) and is
therefore in the same field of endeavor as Weinberg. Jouanneau discloses dynamically adjusting the
frequency of the AC component (para 87). It would have been obvious to one of ordinary skill in the art at
the time the invention was filed to modify the method or system of Weinberg with Jouanneau’s
dynamically adjusting the frequency because such allows matching of one of the mechanical resonance
frequencies of the cathode (Jouanneau, para 87).

Claims 9-10 and 20-21 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg
in view of Bellanger (US 4487670 A).

In regards to claim(s) 9-10 and 20-21, Weinberg does not explicitly disclose a hydrogen diffusion
rate greater than either 0.1 cm%cm?s or 1.4 cm®/cm?/s.

Bellanger pertains to electrolysis in order to provide diffusion of tritium in palladium (abstract) and
is therefore in the same field of endeavor as Weinberg. Bellanger discloses a hydrogen diffusion rate of
3.9cm®cm?s (col. 11, lines 5-12). It would have been obvious to one of ordinary skill in the art at the
time the invention was filed to modify the method or sy stem of Weinberg with Bellanger's
conditions/cathode because such allows an 83% diffusion efficiency (Bellanger, col. 11, lines 5-12).

Response to Arguments

Applicant's arguments filed 12 December 2019 have been fully considered but they are not
persuasive. Applicant alleges that Weinberg only discloses a repeating sequence, not mixed. However,
see the rejection ground of instant claim 1 above. The basic meaning of the word “mixed” when applied
to electric signals/components is the addition of waveforms. As shown in Fig. 2 of Weinberg, the DC
waweform and the AC waweform are mixed (col. 8, lines 4-16). If Applicant intends a more limited
meaning of mixed DC and AC components, Applicant is advised to reflect this meaning by amending the

instant claim language.
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Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as set forth
in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. Inthe event a first reply is filed within TWO MONTHS of the mailing date
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
shortened statutory period, then the shortened statutory period will expire on the date the advisory action
is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later than SIX
MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to NICHOLAS A SMITH whose telephone number is (571)272-8760. The examiner can
normally be reached on M-F 9am-5:30pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.goviinterviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supenvsor,
James Lin can be reached on 571-272-8902. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.
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Listing of Claims:

The following listing of claims will replace all previous versions and listings of claims:

Claims:

1. (Previously Presented) An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current;
applying the electrolytic current to the cathode,

wherein the DC component includes cycling between:

a first voltage applied to the cathode for a first period of time;

a second voltage applied to the cathode for a second period time;

wherein the second voltage is higher than the first voltage, and

wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and
wherein the peak sum of the voltages supplied by the DC component and AC component

is higher than the dissociation voltage of the solvent.

2. (Previously Presented) The method of claim 1, further comprising:
performing an initial loading comprising:
mixing an initial DC component and an initial AC component to produce an initial
electrolytic current;
applying the initial electrolytic current to the cathode,
wherein the initial DC component includes cycling between:
a third voltage applied to the cathode for a third period of time;

a fourth voltage applied to the cathode for a fourth period time;

438/98 UTIL Page 2 of 9
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wherein the fourth voltage is higher than the third voltage;
wherein the third period of time and the fourth period of time are approximately
the same; and
wherein the third voltage is lower than the first voltage and the fourth voltage is
lower than the second voltage; and
wherein the initial AC component has a frequency between about 1Hz and about

100kHz.

3. (Previously Presented) The method of claim 1, further comprising sealing the electrochemical

reaction vessel.

4. (Previously Presented) The method of claim 3, further comprising flushing the electrochemical

reaction vessel with a reductive gas prior to sealing the electrochemical vessel.

5. (Previously Presented) The method of claim 1, further comprising applying a magnetic field to

the electrochemical reaction vessel.

6. (Previously Presented) The method of claim 1, wherein the frequency of the AC component is

dynamically adjusted.

7. (Previously Presented) The method of claim 1, wherein the DC component and AC component

of the electrolytic current is mixed with a DC bias.

8. (Previously Presented) The method of claim 1, wherein the cathode is comprised of at least one

of palladium or a palladium alloy.
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9. (Previously Presented) The method of claim 1, wherein the cathode has a hydrogen diffusion

rate greater than about 0.1 cm®/cm?/s.

10. (Previously Presented) The method of claim 1, wherein the cathode has a hydrogen diffusion

rate greater than about 1.4 cm®/cm?/s.

11. (Previously Presented) The method of claim 1, wherein the solvent is a solution containing

LiOH.

12. (Previously Presented) The method of claim 1, wherein the solvent is a solution containing

LiOD.

13. (Previously Presented) A system for electrolytic loading of hydrogen into a cathode
comprising:
an electrochemical reaction vessel filled with a solvent;
a cathode and an anode disposed within the electrochemical reaction vessel;
an electrolytic current source connected to the cathode, wherein the electrolytic current
comprises:
a DC component, wherein the DC component cycles between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and
a AC component with a frequency between about 1Hz and about 100kHz;
wherein the peak sum of the voltages supplied by the DC component and AC component

is higher than the dissociation voltage of the solvent.
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14. (Previously Presented) The system of claim 13, wherein the electrochemical reaction vessel is

sealed.

15. (Previously Presented) The system of claim 14, wherein the electrochemical reaction vessel is

flushed with a reductive gas prior to sealing.

16. (Previously Presented) The system of claim 13, further comprising a magnetic field applied to

the electro chemical reaction vessel.

17. (Previously Presented) The system of claim 13, wherein the frequency of the AC component is

dynamically adjusted.

18. (Previously Presented) The system of claim 13, further comprising a mixer, wherein the mixer

mixes the DC component and AC component of the electrolytic current with a DC bias.

19. (Previously Presented) The system of claim 13, wherein the cathode is comprised of at least

one of palladium or a palladium alloy.

20. (Previously Presented) The system of claim 13, wherein the cathode has a hydrogen diffusion

rate greater than about 0.1 cm®/cm?/s.

21. (Previously Presented) The system of claim 13, wherein the cathode has a hydrogen diffusion

rate greater than about 1.4 cm®/cm?/s.

22. (Previously Presented) The system of claim 13, wherein the solvent is a solution containing
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LiOH.

23. (Previously Presented) The system of claim 13, wherein the solvent is a solution containing

LiOD.
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REMARKS
This paper is responsive to the non-final Office action dated August 14, 2019, and is being

submitted with a one (1) month extension of time. No new matter is added.

Rejections under 35 U.S.C. § 102

Claims 1, 3, 7-8, 12-13, 18-19 and 23 stand rejected under 35 U.S.C. § 102 as being
unpatentable over Weinberg (U.S. 7,452,449). The rejection is traversed. Respectfully, Applicant
submits that Weinberg fails to teach each and every limitation of independent claims 1 and 13.

Claim 1 recites, in pertinent part, “mixing a DC component and an AC component to
produce an electrolytic current,” and “wherein the peak sum of the voltages supplied by the DC
component and AC component is higher than the dissociation voltage of the solvent.”
Respectfully, Applicant submits that Weinberg teaches neither of these limitations. Independent
claim 13 recites similar or identical limitations.

Weinberg teaches applying a repeating sequence of voltages across the cathode, each
sequence consisting of a first cell voltage regime and a second cell voltage regime. See, e.g.,
Weinberg at 4:18-23. Weinberg teaches that the first cell voltage comprises a DC current,
Weinberg at 6:53-59, while the second cell voltage may comprise an AC current. Weinberg at
8:4-16. Importantly, Weinberg teaches that the first cell voltage regime and second cell voltage
regime are applied in repeating sequence, not mixed. Thus, Weinberg does not teach an
electrolytic current produced by mixing a DC component and an AC component. Rather, it
teaches an electrolytic current produced by applying a DC component and an AC component in
sequence.

Furthermore, because the DC component and AC components in Weinberg are not mixed,
Weinberg does not teach that “peak sum voltage supplied by the DC component and AC

component is higher than the dissociation voltage of the solvent.” In fact, in FIG. 2, cited by the
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Examiner, the peak voltage shown in element 4 is produced solely by the DC component, not by
the sum of mixed DC and AC components.

Weinberg does not teach each and every limitation of independent claims 1 and 13.
Accordingly, Weinberg does not anticipate claims 1 and 13. Claims 3, 7-8, 12, 18-19 and 23

depend from claims 1 and 13 and are allowable for at least the same reasons.

Rejections under 35 U.S.C. § 103

Claim 2 stands rejected as being unpatentable over Weinberg.

Claims 4 and 15 stand rejected as being unpatentable over Weingberg in view of Alcaraz
(US 2018/0087165).

Claims 5, 11, 16, and 22 stand rejected as being unpatentable over Weinberg in view of
Hubber (US 2017/0323692).

Claims 6 and 17 stand rejected as being unpatentable over Weinberg in view of Jouanneau
(US 2006/0088138).

Claims 9-10 and 20-21 stand rejected as being unpatentable over Weinberg in view of
Bellanger (US 4,487,670).

Applicant respectfully submits that Weinberg fails to teach each and every limitation of
the independent claims for the reasons discussed above. The secondary references of record do not
address the shortcomings of Weinberg. Claims 2, 4-6, 9-11, 15-17, and 20-22 depend from

independent claim 1 and 13 and are therefore allowable for at least the same reasons.
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CONCLUSION
In view of the foregoing, Applicant respectfully submits that the application is in condition
for allowance. Applicant respectfully requests the Examiner to contact the undersigned

attorney/agent if there are any outstanding issues.

DEPOSIT ACCOUNT
The Commissioner is hereby authorized to charge any otherwise unpaid fees associated

with the filing of this correspondence to Deposit Account No. 50-6191.

Respectfully submitted,

Date: December 12, 2019 {Joseph Shin/
Joseph Shin
Attorney for Applicant
Reg. No. 67,873

NK Patent Law

4917 Waters Edge Drive, Suite 275
Raleigh, NC 27606

Telephone:  (919) 348-2194
Facsimile: (919) 882-8195

Customer No. 115007
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DETAILED ACTION
Notice of Pre-AlA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.

Claim Rejections-35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A personshall be entitled to a patentunless —

(a)(1) the claimed invention was patented, described in a printed publication, or in publicuse,

on sale orotherwise available to the public before the effective filing date of the claimed

invention.

Claim(s) 1, 3, 7-8, 12-14, 18-19 and 23 is/are rejected under 35 U.S.C. 102(a)(1) as being
anticipated by Weinberg (US 7452449 B2).

In regards to claim(s) 1, Weinberg discloses a method of loading hydrogen onto a cathode (col. 3,
line 66 to col. 4, line 17) comprising applying to the cathode pulsed DC mixed with an AC waveform (Fig.
2). Weinberg discloses the DC component is pulsed (the pulse reading on the second, shorter period of
time and the second, higher wltage; Fig. 2; Table 1). Weinberg discloses the AC waveform has a
frequency matching that of the DC pulse frequency (Fig. 2). Weinberg discloses the DC duty cycle is 1
usec + 1050 ysec, corresponding to 951 Hz. Weinberg discloses the solvent (D-0/LiOD; example)
dissociates under these wltages (col. 4, lines 16-30).

In regards to claim(s) 3, Weinberg discloses sealing the reactor (cell cover 40; Fig. 5).

In regards to claim(s) 7, Weinberg discloses that there is a non-zero value for the first voltage
(Fig. 2) and thus there is a DC bias.

In regards to claim(s) 8, Weinberg discloses a palladium cathode (col. 11, lines 44-47).

In regards to claim(s) 12, Weinberg discloses LiOD (Example).

In regards to claim(s) 13, Weinberg discloses a system with an electrochemical reaction vessel
filled with a solvent (Fig. 5), an anode (30) and a cathode (26). Weinberg discloses an electrolytic current
source (32; Fig. 5). Weinberg discloses loading hydrogen onto a cathode (col. 3, line 66 to col. 4, line 17)

comprising applying to the cathode pulsed DC mixed with an AC waveform (Fig. 2). Weinberg discloses
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the DC component is pulsed (the pulse reading on the second, shorter period of time and the second,
higher wltage; Fig. 2; Table 1). Weinberg discloses the AC waveform has a frequency matching that of
the DC pulse frequency (Fig. 2). Weinberg discloses the DC duty cycle is 1 usec + 1050 usec,
corresponding to 951 Hz. Weinberg discloses the solvent (D-O/LiOD; example) dissociates under these
voltages (col. 4, lines 16-30).

In regards to claim(s) 14, Weinberg discloses sealing the reactor (cell cover 40; Fig. 5).

In regards to claim(s) 18, Weinberg discloses that there is a non-zero value for the first wltage
(Fig. 2) and thus there is a DC bias.

In regards to claim(s) 19, Weinberg discloses a palladium cathode (col. 11, lines 44-47).

In regards to claim(s) 23, Weinberg discloses LiOD (Example).

Claim Rejections-35 USC § 103

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness rejections
set forth in this Office action:

A patent for a claimed invention maynotbe obtained, notwithstanding thatthe claimed

invention is not identicallydisclosed as setforth in section 102, if the differences between the

claimed invention and the prior artare such thatthe claimed invention as a whole would have

been obvious before the effective filing date of the claimed invention to a person having

ordinaryskillinthe art to which the claimed invention pertains. Patentabilityshall notbe
negated by the mannerinwhich the invention was made.

Claim 2 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg.

In regards to claim(s) 2, Weinberg does not explicitly disclose wherein an initial loading period
has an initial DC component with third and fourth voltages of a lower voltage than the first and second
voltages being applied along with an initial AC component, with third and fourth period of times being
approximately the same.

Weinberg discloses an initial loading period (steps (a)-(c) in Fig. 1) that occurs before the first cell
voltage regime and second cell voltage regime (steps (d)-(e) in Fig. 1, also corresponding to Fig. 2; see
col. 7, line 25to col. 8, line 31). Weinberg discloses the voltage applied can be any of a list of potentials,
including both square wave and biphasic, and combinations thereof (col. 6, lines 36-48). Weinberg's
square wave potential meets the limitation of an initial DC component with third and fourth voltages with
third and fourth period of times being approximately the same, while Fig. 2 discloses the initial period has

lower woltages than the first and second wltages. It would have been obvious to one of ordinary skill in
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the art at the time the invention was filed to modify the method of Weinberg to choose the superimposed
square wave and biphasic for the initial loading period because there are a limited number of options and
Weinberg explicitly discloses combining. See MPEP 2141 Ill (E).

Claims 4 and 15 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg in
view of Alcaraz (US 20180087165 A1).

In regards to claim(s) 4 and 15, Weinberg does not explicitly disclose filling with a reductive gas
prior to sealing the vessel.

Alcaraz pertains to electrolysis systems that produce hydrogen (para 2) and is therefore in the
same field of endeavor as Weinberg. Alcaraz discloses flushing the system with a carrier gas, such as
argon or hydrogen (para 82). It would have been obvious to one of ordinary skill in the art at the time the
invention was filed to modify the method or sy stem of Weinberg with Alcaraz’s flushing, reductive gas as it
removes oxygen and other gaseous impurities from the reaction chamber (Alcaraz, para 82).

Claims 5, 11, 16 and 22 is/are rejected under 35 U.S.C. 103 as being unpatentable over
Weinberg in view of Hubler (US 20170323692 A1).

In regards to claim(s) 5 and 16, Weinberg does not explicitly disclose applying a magnetic field.

Hubler pertains to electrolytic reactions with a crystalline cathode in an electrolytic apparatus
(abstract) and is therefore in the same field of endeavor as Weinberg. Hubler discloses applying a
magnetic field (para 96). It would have been obvious to one of ordinary skill in the art at the time the
invention was filed to modify the method or sy stem of Weinberg with Hubler's magnetic field because
such improves efficiency (Hubler, para 72).

In regards to claim(s) 11 and 22, Weinberg does not explicitly disclose LiOH.

Hubler discloses using D-O/LiOH (para 24). It would have been obvious to one of ordinary skill in
the art at the time the invention was filed to modify the method or system of Weinberg with Hubler’s
electrolyte/solent because such is taught in the art; such a modification would provide predictable results
since both Hubler and Weinberg pertain to loading Pd cathodes and Weinberg discloses using metal

hydroxides (col. 5, lines 14-28). See MPEP 2141 Il (A).
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Claims 6 and 17 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg in
view of Jouanneau (US 20060088138 A1).

In regards to claim(s) 6 and 17, Weinberg does not explicitly disclose dynamically adjusting the
frequency of the AC component.

Jouanneau pertains to hydrogen loading of a cathode electrolytically (Fig. 1; para 15) and is
therefore in the same field of endeavor as Weinberg. Jouanneau discloses dynamically adjusting the
frequency of the AC component (para 87). It would have been obvious to one of ordinary skill in the art at
the time the invention was filed to modify the method or system of Weinberg with Jouanneau’s
dynamically adjusting the frequency because such allows matching of one of the mechanical resonance
frequencies of the cathode (Jouanneau, para 87).

Claims 9-10 and 20-21 is/are rejected under 35 U.S.C. 103 as being unpatentable over Weinberg
in view of Bellanger (US 4487670 A).

In regards to claim(s) 9-10 and 20-21, Weinberg does not explicitly disclose a hydrogen diffusion
rate greater than either 0.1 cm%cm?s or 1.4 cm®/cm?/s.

Bellanger pertains to electrolysis in order to provide diffusion of tritium in palladium (abstract) and
is therefore in the same field of endeavor as Weinberg. Bellanger discloses a hydrogen diffusion rate of
3.9cm®cm?s (col. 11, lines 5-12). It would have been obvious to one of ordinary skill in the art at the
time the invention was filed to modify the method or sy stem of Weinberg with Bellanger's
conditions/cathode because such allows an 83% diffusion efficiency (Bellanger, col. 11, lines 5-12).

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to NICHOLAS A SMITH whose telephone number is (571)272-8760. The examiner can
normally be reached on M-F 9am-5:30pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use

the USPTO Automated Interview Request (AIR) at http://www.uspto.goviinterviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supenvsor,
James Lin can be reached on 571-272-8902. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained from
either Private PAIR or Public PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative
or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.

/NICHOLAS A SMITH/
Primary Examiner, Art Unit 1794
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Application No. 16/361,825 : DECISION ON PETITION

Filed: March 22, 2019 : TO MAKE SPECIAL UNDER
Attorney Docket No.: 438/98 UTIL : 37 CFR 1.102(c)(1)

This is a decision on the petition under 37 CFR 1.102(c)(1), filed March 22, 2019, to make the above-
identified application special based on applicant’s age as set forth in M.P.E.P. § 708.02, Section I'V.

The petition is GRANTED.

A grantable petition to make an application special under 37 CFR 1.102(c)(1) and MPEP § 708.02,
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Telephone inquiries concerning this decision should be directed to Joy Dobbs at 571-272-3001.
All other inquiries concerning either the examination or status of the application should be directed to
the Technology Center.

/Joy Dobbs/
Petition Paralegal Specialist



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 16/361,825 Confirmation No.: 3063
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First Named Inventor : Dennis J. Cravens

Filing Date : Mar 22, 2019

TC/A.U. : 2844

Examiner : -

Docket No. : 438/98 UTIL

Customer No. : 76934

Title of Invention: METHODS FOR ENHANCED ELECTROLYTIC LOADING OF

HYDROGEN
Via EFS-Web
Commissioner for Patents
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RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Commissioner:
This is in response to the Notice to File Corrected Application Papers mailed April 8,
2019. In this Notice the applicant is given a two-month period for response, expiring on June 8,

2019. This reply is timely submitted.

REMARKS
Applicant herewith submits a substitute specification (in both clean and marked-up
versions) which now contains a brief description of the drawings and the abstract. No new matter

has been added.
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Appl. No: 16/361,825
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CONCLUSION
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DEPOSIT ACCOUNT
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Respectfully submitted,

Date: April 10, 2019 {Joseph Shin/
Joseph Shin
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NK Patent Law
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Raleigh, NC 27606
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Facsimile: (919) 882-8195

Customer No. 76934
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Clean Specification

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority of U.S. provisional patent
application no. 62/804,989, titled “METHODS FOR ENHANCED ELECTROLYTIC
LOADING OF HYDROGEN,” filed on February 13, 2019, which is incorporated herein in its

entirety by this reference.

TECHNICAL FIELD

[002] The present disclosure relates to methods of producing heat through
electrochemical means. Specifically, the present disclosure relates to the production of heat

through electrolytic loading of hydrogen into a cathode.

BACKGROUND

[003] Some electrochemical applications involve the loading of hydrogen or similar
species into one or more electrodes. There are three primary competing technologies for the
loading of hydrogen into an electrode: “Low High” DC voltage application by Takahashi, the “q

wave” method of Brillouin, and the “superwave” forms of Dardik.

[004] Most current methods of electrolytic loading of hydrogen into metals involve
slow, steady loading with constant current DC or with a constant voltage. Some systems use
pulsed high-low series of DC pulses to aid the process. Shaped AC waves are known in the art,
however these still require long, slow loading and do not achieve internal compression of the

hydrogen within the metal electrodes. Some experimental and engineering designs require



Atty Ref: 438/98 UTIL

regions of very high hydrogen concentrations to be reached before the desired effects can be
achieved or studied. For example, United States Patent Application No. 20070280398 describes
a fractal based superwaves technique for hydrogen loading involving the addition of many AC

waveforms without DC bias.

[005] The problem with known methods of electrochemical hydrogen loading is that the
production of the capacitive double layer around the electrode often limits the loading rates and
levels reached in the electrode. Therefore, a protocol that can achieve high regions of hydrogen
loading within or upon the surface of electrodes in a shorter time and can continue to produce or

maintain high loading levels for extended times is needed.

SUMMARY OF THE INVENTION

[006] The present invention uses the synergistic addition of both Low-High DC stepped
switching with a shaped AC superimposed to the DC in the hydrogen loading process. This
allows the DC to increase loading during the lower (i.e., less negative) voltage, high current step
by taking advantage of the in and out flushing of the hydrogen at the surface utilizing the
capacitance nature of the well-known electrochemical double layer formed by the electrolyte
near the surface. Additionally, during the higher voltage and lower current DC step, the AC can
cause added egress of the hydrogen from the metal and keep diffusion channels open. (For
cathode loading the cathode is at a negative potential.) By altering the duty cycle of the DC
stepping between the high and low stages, the loading rate during the high voltage step can add
more hydrogen than is lost during the low voltage stage. The in and out migration of the
hydrogen tends to open up more transport routes and other features that allow much higher levels

of loading and faster loading than either DC or AC alone or one following the other in
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succession independently. The advantage of this synergistic effect is greatly desired in some

application.

[007] One of ordinary skill in the art will appreciate that references to hydrogen
throughout the specification may refer to all stable isotopes of hydrogen including protium,

deuterium, and/or tritium. Likewise, the term water includes its various isotopic forms.

[008] In one embodiment, an electrolytic method of loading hydrogen into a cathode
may include placing the cathode and an anode in an electrochemical reaction vessel filled with a
solvent, mixing a DC component and an AC component to produce an electrolytic current, and
applying the electrolytic current to the cathode. The DC component may include cycling
between: a first voltage applied to the cathode for a first period of time, a second voltage applied
to the cathode for a second period of time, wherein the second voltage is higher than the first
voltage, and wherein the second period of time is shorter than the first period of time. The AC
component may have a frequency between about 1 Hz and about 100kHz. The peak sum of the
voltages supplied by the DC component and AC component may be higher than the dissociation

voltage of the solvent.

[009] In yet another embodiment, the method may further include performing an initial
loading. The initial loading may include mixing an initial DC component and an initial AC
component to produce an initial electrolytic current and applying the initial electrolytic current to
the cathode. The initial DC component may include cycling between: a third voltage applied to
the cathode for a third period of time, a fourth voltage applied to the cathode for a fourth period
of time, wherein the fourth voltage is higher than the third voltage, wherein the third period of

time and the fourth period of time are approximately the same, and wherein the third voltage is
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lower than the first voltage and the fourth voltage is lower than the second voltage. The initial

AC component may have a frequency between about 1Hz and about 100kHz.

[0010] In another embodiment, a system for electrolytic loading of hydrogen into a
cathode may include an electrochemical reaction vessel filled with a solvent, a cathode and an
anode disposed within the electrochemical reaction vessel, and an electrolytic current source
connected to the cathode. The electrolytic current may include a DC component, wherein the DC
component may cycle between a first voltage applied to the cathode for a first period of time, and
a second voltage applied to the cathode for a second period of time, wherein the second voltage
may be higher than the first voltage, and wherein the second period of time may be shorter than
the first period of time. The electrolytic current may further include an AC component with a
frequency between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the

DC component and AC component may be higher than the dissociation voltage of the solvent.

[0011] In yet another embodiment, the method may further comprise sealing the

electrochemical reaction vessel.

[0012] In yet another embodiment, the method may further include flushing the
electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

[0013] In yet another embodiment, the method may further include applying a magnetic

field to the electrochemical reaction vessel.

[0014] In yet another embodiment, the frequency of the AC component may be

dynamically adjusted.
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[0015] In yet another embodiment, the DC component and the AC component of the

electrolytic current may be mixed with a DC bias.

[0016] In yet another embodiment, the cathode may be comprised of at least one of

palladium or a palladium alloy.

[0017] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 0.1 cm’/cm?/s.

[0018] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 1.4 cm’/cm?/s.
[0019] In yet another embodiment, the solvent may be solutions containing LiOH.
[0020] In yet another embodiment, the solvent may be solutions containing LiOD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other objects, features, and characteristics will become more apparent
to those skilled in the art from a study of the following Detailed Description in conjunction with
the appended claims and drawings, all of which form a part of this specification. While the
accompanying drawings include illustrations of various embodiments, the drawings are not

intended to limit the claimed subject matter.

[0022] FIG. 1 is a flow diagram of an electrolytic method of loading hydrogen into a

cathode according to an embodiment of the present invention.

[0023] FIG. 2 is a voltage vs. time graph of AC, DC, and AC/DC mixed signals.
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[0024] FIG. 3 is a system diagram of a AC/DC mixing according to an embodiment of

the present invention.

[0025] FIG. 4 is a voltage vs. time graph of the stepped-DC portion of a signal according

to an embodiment of the present invention.

[0026] FIG. 5 is a voltage vs. time graph of the AC portion of a signal according to an

embodiment of the present invention.

[0027] FIG. 6 is a system diagram of a system for electrolytic loading of hydrogen into a

cathode according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0028] In the following description, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the embodiments of the
invention. One skilled in the art will recognize that the embodiments of the invention may be
practiced without these specific details or with an equivalent arrangement. In other instances,
well-known structures and devices are shown in block diagram form in order to avoid
unnecessarily obscuring the embodiments of the invention.

[0029] The presently disclosed subject matter is presented with sufficient details to
provide an understanding of one or more particular embodiments of broader inventive subject
matters. The descriptions expound upon and exemplify particular features of those particular
embodiments without limiting the inventive subject matters to the explicitly described
embodiments and features. Considerations in view of these descriptions will likely give rise to

additional and similar embodiments and features without departing from the scope of the
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presently disclosed subject matter.

[0030] Referring now to FIG.1, in one embodiment of the present invention, an
electrolytic method of loading hydrogen into a cathode may comprise placing the cathode and an
anode in an electrochemical reaction vessel filled with a solvent 10, mixing a DC component and
an AC component to produce an electrolytic current 30, and applying an electrolytic current to
the cathode 40. The DC component may include cycling between: a first voltage applied to the
cathode for a first period of time, a second voltage applied to the cathode for a second period of
time, wherein the second voltage is higher than the first voltage, and wherein the second period
of time is shorter than the first period of time. The AC component may have a frequency
between about 1 Hz and about 100kHz. The peak sum of the voltages supplied by the DC

component and AC component may be higher than the dissociation voltage of the solvent.

[0031] DC currents and voltages used here may be switched in time but have a specific
polarity above 0 volts as measured by traditional electrochemical methods, i.e. related to
uncharged unbounded hydrogen. For clarity, the term DC includes switched DC where the
desired voltage remains stable over an extended time. The term AC currents and voltages are
used to describe currents which pass through the 0 voltage levels or through the value set by the
DC voltages. That is we are using the term relative to the anode of the electrochemical system
and AC is meant to be current that alternates between positive and negative charge on the

cathode.

[0032] It should be clear to those skilled in the art of electrochemistry, that the desired
DC biased AC wave forms are applied to electrodes within an electrochemical cell. Specifically,
at least the primary current of the DC applied to the cell is polarized so that the electrode

(cathode) to receive the hydrogen is negatively charged compared to one of the other electrodes
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so that hydrogen species are moved toward the cathode.

[0033] When the frequency of the AC waveform is discussed it is meant to refer to the
Fourier component of that waveform which has the greatest amplitude. It should be realized that
the waveform can take a variety of forms. Waveforms having a component with rise-times

shorter than 250 ns are preferred.

[0034] To avoid confusion, it should be noticed in electrochemical system one electrode
is taken as a reference. For this electrolysis system, the anode is taken as the reference and set to

ground. The cathode is negatively charge with respect to the anode and to ground.

[0035] It is preferred that the DC component’s duty cycle be such to have a greater on
time for the high voltage or high currents than for the lower ones after the initial loading
protocol. This is for the purpose of giving a net ingress of the hydrogen into the electrode. In
one embodiment, the cycle timing was 5 minutes with 90% on time for the lower voltage and
10% on time for the higher voltage. (Note: the cathode being loaded is at a negative potential.)

In that embodiment, the high voltage was set at 10 VDC and the low voltage at 1 VDC.

[0036] In the preferred embodiment, the time between the DC Lo-High cycles (period)
should be less than 20 minutes for electrodes with maximum thicknesses of Imm. Longer times

do not seem to be beneficial for such commonly used materials.

[0037] The AC waveform component to the electrolytic current can be of many different
functional forms such as sine, square, pulsed, or triangular as commonly available from function
generators. Sine waves are used in the description herein but others waveforms can be

envisioned by those skilled in the art of electrical engineering. The AC component is added to
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the stepped cycle DC component for the purpose of causing dynamic movement of the hydrogen
into, though, and out of the electrochemical double layer and the surface of the electrode. The
sum of the DC and AC components is applied between the electrode to be loaded with hydrogen
and another electrode in a manor customary to electrolysis and known within the art of
electrochemistry. In the preferred embodiment the addition of the AC and DC components
should allow the voltage at the cathode to rise above zero voltage to release hydrogen from the
electrode but not, however, to strip the hydrogen completely. Thus the greatest rise of the
voltage should be slightly above zero volts but not significantly above zero nor remain at such
levels for extended times. It is desired that the cathode be at a negative potential compared to the
anode electrode (taken as ground) for longer total times than the positive times. In one
embodiment the DC volts where chosen at -10V (90% of the time) and -1.5V (10% of the time)
volts and the AC sine amplitude was chosen as 2.5 volts with a frequency of 100 Hz. This results
in short-term peak voltages at the cathode to rise to 1 volt. However, the majority of the time the
cathode experiences voltages above the dissociation voltage of the water solvent of about 1.5

volts and thus loads hydrogen into the electrode.

[0038] Referring now to FIG. 2, deloading can occur when the AC component adds to
the DC in such a way to raise it above zero potential. The anode potential is taken as ground or 0
potential. The primary loading occurs during the time the DC component is at a more negative
potential. There is a greater current flow when the cathode is at its more negative potentials. In
the embodiment illustrated in FIG. 2, the two DC supplies are two DC-DC Adjustable Power
Supply Output Step-down Module 6.5V-60V to 1.25-30V 10A UPC 741870439544 Their
purpose is to supply a DC bias to the cathode for loading of hydrogen into the electrode. To that

end, it is important that voltages in excess of the dissociation of the solvent (i.e. water) be
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developed between the two electrodes. For water-basedsolvents, this is around 1.2 to 1.5V
dependent on pressures, electrolyte concentration, isotopic makeup, and temperatures. The two
currents are wired to a double pole double throw relay (in one embodiment this was an Enclosed
Power Relay,8 Pin,24VDC, DPDT SCHNEIDER ELECTRIC 92S11D22D-24D). The relay was
cycled by a repeating unit 12V DC Multifunction Self-lock Relay PLC Cycle Timer Module
Delay Time Switch UPC 714046658482 1Its function is to activate the relay to cycle between the
two DC power supplies. One of ordinary skill in the art would appreciate that any suitable DC

supply, controller, and relay may be used in the present invention.

[0039] Referring now to FIG. 3, a general conception of the AC/-DC mixing according to
an embodiment of the present invention is shown. It is shown as component units with discrete
purposes. The parts’ purpose is to supply a cycled DC voltage in a repetitive low- high cycle. It
should be obvious by those skilled in the art of electrical engineering that many circuit designs
can be employed for the same purpose. For example, a single programmable DC supply could
replace the unit or a computer controlled DC supply. Alternatively, a dedicated AC generator
which can provide DC Fourier components could be used. However, the separate components of

the figure illustrates one embodiment the desired DC part of the input power can be obtained.

[0040] As mentioned elsewhere, one supply should be set so that there is net hydrogen-
mediated current into the electrode and it should also have a voltage setting so the hydrogen can
be dissociated in the solvent. The output of the stepped DC part of the system 303 is then
directed to an AC/DC mixing unit 304 for the purpose of adding the two components for supply

to the electrodes within the electrochemical system.

[0041] Referring now to FIG. 4, a voltage vs. time output from the stepped DC portion of

10
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the system is shown. The duty cycle provides for the greater potential difference, and hence
greater electrochemical current, for longer times than the lesser potential difference between
electrodes. Thus, greater time is spent at the larger negative values for the purpose of providing

hydrogen to the cathode.

[0042] The AC may be supplied by any suitable AC supply 305, for example, a HIGH
PRECISION Audio Signal Generator 1Hz-1MHz with Sine Triangle Square outputs, UPC
0713893274877 or the like. It should be noted that other frequencies may be used, however,
frequencies between 1Hz and 100kHz have been observed to be adequate for most applications.
The primary factor in setting frequencies is the electrochemical double layer capacitance at the
cathode. It is preferred that the expected frequencies range of the specific cell be determined by a
method common within the art of electrochemical impedance spectroscopy. That is the primary
AC frequency applied should allow for the greatest current flow into the cathode. The output of

the AC or functional form device is fed via a current sensor into the AC/DC mixer 304.

[0043] In yet another embodiment, the frequency of the AC component 305 may be
dynamically adjusted. A current sensor may indicate the absorption of the AC by the
electrochemical cell. This, in turn, may signal the transport of the ionic species into, through, and
out of the electrochemical double layer and eventually the movement of the hydrogen at the
surface or near the surface of the cathode. The AC current sensor may relay the information to a
frequency controller whose role is to keep the AC frequency center near the area of maximum
AC absorption. Thus it assures a large movement of the hydrogen at the surface and near the
surface of the cathode. It is conjectured that this keeps the surface clean and diffusion pathways
open. It also shuttles ions through the double layer from the solvent. However, since the cathode

experiences outflow of some hydrogen for only short limited times there is net loading of the

11



Atty Ref: 438/98 UTIL

cathode. It is envisioned that the entire AC part of the system could comprise a single electronic

unit.

[0044] Referring now to FIG. 5, a typical AC output using a simple sine form is shown.
Other functional forms are contemplated in the present invention.

[0045] In yet another embodiment, the DC component and the AC component of the
electrolytic current may be mixed with a DC bias. For enhanced loading of the electrode, the AC
or other functional form and the stepped DC current need to be mixed while retaining the DC
bias of the output. The goal is to enhance loading by allowing the AC to assist transport through
the double layer while fluxing into and out of the metal surface. The DC bias gives a net influx
of ions and other species into the cathode. Thus the combination has greater utility than either
method alone and greater utility than one following later in time by the other. This synergistic
combination is important for the performance of the method and device described herein.

[0046] A large number of DC bias AC mixing circuits are known within the art. A
typical embodiment is a simple bias Tee circuit designed to pass the AC through a capacitor and
the DC through an inductor while blocking the reflection back into the supplies.

[0047] Such circuits are well known and component sizes should be selected based on
the expected frequency ranges. In one embodiment, the bias tee mixer was constructed using a
series of 10mH inductors and a parallel circuit of Metallized Polyester Film 22mF Capacitors.
[0048] Referring again to FIG. 1, in yet another embodiment, the method may further
comprise performing an initial loading 20. The initial loading may comprise applying an initial
electrolytic current to the cathode, the initial electrolytic current may include an initial DC
component, wherein the initial DC component may include cycling between: a third voltage

applied to the cathode for a third period of time, a fourth voltage applied to the cathode for a

12
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fourth period of time, wherein the fourth voltage is higher than the third voltage, wherein the
third period of time and the fourth period of time are approximately the same, and wherein the
third voltage is lower than the first voltage and the fourth voltage is lower than the second
voltage. The initial electrolytic current may further include an AC component with a frequency
between about 1Hz and about 100kHz.

[0049] It is preferred that the initial loading of the electrode is conducted at lower
temperatures such as below room temperature and that the initial loading is first to be done with
low currents and voltages and with the high low DC component duty cycle be near 50%. After 1
hour, the currents can be raised and the duty cycle reduced. This is thought to provide a more
gradual loading and avoid some volume expansion distortions due to unequal loading. Once the
electrode has been initial loaded and conditioned above 0.6 H/Pd atomic ratios, it can be later be
loaded more quickly. Additionally, the duty cycle may be set to 0% after the initial loading
protocols and a simple flat DC voltage biased AC can be used with care taken so that the average
potential is favorable to retaining loading.

[0050] In yet another embodiment, the method may further comprise sealing the

electrochemical reaction vessel.

[0051] In yet another embodiment, the method may further include flushing the
electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

[0052] In most electrochemical systems, gases are released during operation. Such cells
are termed “open” when the system is open for gas exchange to and from the environment and
termed “closed” when sealed against such exchanges or have methods to control such exchanges.

[0053] In systems designed for hydrogen loading into electrodes, the gas is retained by

13
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the electrode and a companion gas such as oxygen from electrolysis is released into the system.
This often results in the accumulation of so-called “orphaned oxygen” since there is not enough
free hydrogen or reductive species to react with the free oxygen. This is usually detrimental to
most thermal energy studies and devices. To that end, it is preferred to first run the system be
conducted open or vented to the atmosphere so the orphaned oxygen can leave during the initial
loading stages and then be closed later to limit contamination and conserve the electrolyte. In
one embodiment this is accomplished by first loading a Pd based cathode run with amp-secs in
excess of the time calculated amount that would be required from an estimate based on Faraday's
laws of electrolysis of hydrogen needed to fully load the amount of Pd used in said system. In
many embodiments, runs were run open longer than ten times the estimated time calculated by
Faraday’s law. After such time, the cell was sealed or pressure monitored for controlled release
or for overpressures leading to higher operating pressures and temperatures. In one embodiment,
Pd on Al,O3 recombination catalyst was used with a cell that was first run open for 4 days and
then closed.

[0054] The initial running systems open before closing also allows for volatiles to be
removed from the solution. This is especially important when trying to load with deuterium
from heavy water solutions. Since deuterium oxide (i.e. heavy water) is hygroscopic, solutions
often are supplied or become contaminated with the lighter isotope of hydrogen. Light hydrogen
is more quickly evolved than the deuterium isotope of hydrogen in electrolytic systems due to its
lower voltage required for dissociation. Running open at low voltages and currents preferentially
remove the lighter isotope.

[0055] One alternative is to flush the gas out of the cell with a reductive species such as

hydrogen and then sealed so that any orphaned oxygen will have enough hydrogen to react and
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be sequestered in the form of water.

[0056] In yet another embodiment, the method may further include applying a magnetic
field to the electrochemical reaction vessel. In many thermally active electrochemical systems,
the magnetic fields are applied for either study of the processes or for adjusting internal spin
based reactions. This is especially useful when paramagnetic or ferromagnetic materials are used
for one or more electrodes. Hence, in one embodiment, a disc magnet (N42 2x1/2 Inch Rare
Earth Neodymium Disc Magnet from Magnets4Less) was placed beneath the reactive chamber
and a second ring magnet (3 ODx 2 IDx 1/2 Inch Rare Earth Neodymium Ring Magnet Grade
N42 from Magnets4Less). This supplied a field of 300 gauss in the region occupied by the
central electrode.

[0057] In yet another embodiment, the cathode may be comprised of at least one of

palladium or a palladium alloy.

[0058] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 0.1 cm’/cm?/s.

[0059] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 1.4 cm’/cm?/s.

[0060] It is recommended that care is performed in selecting metal electrodes for loading
of hydrogen. The material should have a hydrogen diffusion rate greater than 0.1 cm?*/cm?/s and
with rates greater than 1.4 cm’/cm’/s.

[0061] The function of the reaction vessel is to provide a relatively inert and structurally

stable container for the electrochemical reaction. Such vessels are known to those skilled in the

art of chemistry. In one embodiment a Glass Proglass 250mL Flask fitted with 24/40, 14/20 Two
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Necks lid and sealed with an Easy Open PTFE Clamp. The central 24/40 neck of the lid is suited
to mount a Graham condenser for returning steam from the system back into the vessel. The
14/20 side neck is suited for passing the electrical connections to the electrodes and sensors. One
of ordinary skill in the art would understand any other suitable reaction vessel known in the art
may be used in the present invention.

[0062] In one embodiment, the electrochemical reaction vessel was partially filled with
100 ml of an LiOD 0.1M heavy water based solution. A Pt coated Ti mesh electrode was used as
the anode and the cathode was selected as discussed below. The chemical reflux condenser
assembly was insulated with vermiculite and cooling water at 30C was passed down through the
condenser (common counter-flow systems in chemistry). This allowed the system to run at
boiling temperatures for extended times. This was slightly above 92 C due to the altitude of the

inventor’s laboratory.

[0063] In yet another embodiment, the solvent may be LiOH.
[0064] In yet another embodiment, the solvent may be LiOD.
[0065] Referring now to FIG. 6, in another embodiment, a system for electrolytic loading

of hydrogen 600 into a cathode 604 may comprise an electrochemical reaction vessel 606 filled
with a solvent, a cathode 604 and an anode 605 disposed within the electrochemical reaction
vessel 606, and an electrolytic current source 603 connected to the cathode 604. The electrolytic
current may comprise a DC component 602, wherein the DC component 602 may cycle between
a first voltage applied to the cathode 604 for a first period of time, and a second voltage applied
to the cathode 604 for a second period of time, wherein the second voltage may be higher than
the first voltage, and wherein the second period of time may be shorter than the first period of

time. The electrolytic current may further comprise an AC component 601 with a frequency
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between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the DC
component 602 and AC component 601 may be higher than the dissociation voltage of the

solvent.

[0066] One of ordinary skill in the art will appreciate the system may be used in a
manner consistent with the electrolytic methods of loading hydrogen into a cathode as described

above and in the example herein.

[0067] EXAMPLE 1

[0068] The increase loading rate and maximum loading ratios of Hydrogen species into
metals is useful in a wide range of utilities. For example, in studies of hydrogen storage
materials, hydrogen embrittlement studies, measurements of circuit’s resistance and inductance,
and even in areas where isotopic hydrogen is studied for thermal release or for tritium storage.
To verify the utility of the method, a series of experiments were conducted to compare loading
rates by the electrochemical method described herein and with traditional loading for simple DC

electrolysis.

[0069] Resistance versus time measurements of a palladium wire were made to judge
loading rates. Such resistance changes need to be well studied for the case of hydrogen being
loading electrochemically into Palladium. The relative resistance, R/Ry (i.e. loaded resistance
divided by preloaded resistance), increases by a factor of approximately 1.8 as the H to Pd
atomic ratio reaches 0.65 at room temperatures and standard atmospheric pressures. Thus the
rate of change of resistance upon loading can be used to evaluate the loading rate and levels.
Also when both samples are from the same original wire length, operated under the same

environmental conditions, and same amp-seconds of electrolysis, a comparison can be made.
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[0070] In one embodiment, two 1 foot 95% Pd 5% Ru 28 gauge (AGW) wires were cut
from a single piece and were loaded by the two methods described herein for comparison. This
was done simply by lowering a loop of each wire into a 0.1M LiOH solution which also
contained a platinized Ti mesh electrode commonly used for Pd and Rh electroplating. The
resistance of each wire was monitored with respect to time. The resistance was measured by an
EXTECH 380560 PRECISION MILLIOHM METER via conventional four wire Kelvin clips
placed on the wire ends just above the surface of the solution. The clips were adjusted so the two
wires had the same initial resistance of 0.971 ohms. The two wires were run at the same RMS
average power levels as measured with a Valhalla Scientific 2100 Digital Power Analyzer. One
was run at constant DC current and one at a high DC voltage of 5 volts and a low of 1.75 volts
and an AC sine wave at 100Hz with an amplitude of 3.5 volts peak to peak. The switching

between the DC values was set at 5 minutes with a 20% duty cycle.

[0071] The resistance maximum was reached at 14.5 hours and indicates a loading of
about 0.75 D/Pd ratio. The turn down in the resistance past that time shows continued loading as

the phase of the Pd begins to change.

[0072] The average rate over the 18 hour run of the competing loading ratios shows that
the method described herein is 1.47 higher than DC current alone for the first 18 hours. Itis also
worth noting that the ultimate loading ratio achieved by this method is higher than the DC alone.
For example, after 10 hours, the DC alone loading only achieved a R/Rg level of 1.3 while the

method of this invention achieved a level of over 1.5.

[0073] The above description and drawings are illustrative and are not to be construed as

limiting the invention to the precise forms disclosed. Persons skilled in the relevant art can
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appreciate that many modifications and variations are possible in light of the above disclosure.
Numerous specific details are described to provide a thorough understanding of the disclosure.
However, in certain instances, well-known or conventional details are not described in order to
avoid obscuring the description.

[0074] Reference in this specification to "one embodiment” or "an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the disclosure. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment, nor are separate or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described which may be exhibited by some
embodiments and not by others. Similarly, various requirements are described which may be
requirements for some embodiments but not other embodiments.

[0075] Unless the context clearly requires otherwise, throughout the description and the

claims, the words "comprise," "comprising," and the like are to be construed in an inclusive

sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including,

but not limited to." As used herein, the terms "connected," "coupled," or any variant thereof,
means any connection or coupling, either direct or indirect, between two or more elements; the
coupling of connection between the elements can be physical, logical, or any combination

thereof. Additionally, the words "herein,” "above,” "below," and words of similar import, when
used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the above Detailed Description

using the singular or plural number may also include the plural or singular number respectively.

The word "or," in reference to a list of two or more items, covers all of the following
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interpretations of the word: any of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0076] The teachings of the disclosure provided herein can be applied to other systems,
not necessarily the system described above. The elements and acts of the various embodiments
described above can be combined to provide further embodiments.

[0077] These and other changes can be made to the disclosure in light of the above
Detailed Description. While the above description describes certain embodiments of the
disclosure, and describes the best mode contemplated, no matter how detailed the above appears
in text, the teachings can be practiced in many ways. Details of the system may vary
considerably in its implementation details, while still being encompassed by the subject matter
disclosed herein. As noted above, particular terminology used when describing certain features
or aspects of the disclosure should not be taken to imply that the terminology is being redefined
herein to be restricted to any specific characteristics, features, or aspects of the disclosure with
which that terminology is associated. In general, the terms used in the following claims should
not be construed to limit the disclosure to the specific embodiments disclosed in the
specification, unless the above Detailed Description section explicitly defines such terms.
Accordingly, the actual scope of the disclosure encompasses not only the disclosed
embodiments, but also all equivalent ways of practicing or implementing the disclosure under the
claims.

[0078] The terms used in this specification generally have their ordinary meanings in the
art, within the context of the disclosure, and in the specific context where each term is used.
Certain terms that are used to describe the disclosure are discussed above, or elsewhere in the

specification, to provide additional guidance to the practitioner regarding the description of the
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disclosure. For convenience, certain terms may be highlighted, for example using capitalization,
italics and/or quotation marks. The use of highlighting has no influence on the scope and
meaning of a term; the scope and meaning of a term is the same, in the same context, whether or
not it is highlighted. It will be appreciated that same element can be described in more than one
way.

[0079] Consequently, alternative language and synonyms may be used for any one or
more of the terms discussed herein, nor is any special significance to be placed upon whether or
not a term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital
of one or more synonyms does not exclude the use of other synonyms. The use of examples
anywhere in this specification including examples of any terms discussed herein is illustrative
only, and is not intended to further limit the scope and meaning of the disclosure or of any
exemplified term. Likewise, the disclosure is not limited to various embodiments given in this
specification.

[0080] Without intent to further limit the scope of the disclosure, examples of
instruments, apparatus, methods and their related results according to the embodiments of the
present disclosure are given below. Note that titles or subtitles may be used in the examples for
convenience of a reader, which in no way should limit the scope of the disclosure. Unless
otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure pertains. In the
case of conflict, the present document, including definitions will control.

[0081] Some portions of this description describe the embodiments of the invention in
terms of algorithms and symbolic representations of operations on information. These

algorithmic descriptions and representations are commonly used by those skilled in the data
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processing arts to convey the substance of their work effectively to others skilled in the art.
These operations, while described functionally, computationally, or logically, are understood to
be implemented by computer programs or equivalent electrical circuits, microcode, or the like.
Furthermore, it has also proven convenient at times, to refer to these arrangements of operations
as modules, without loss of generality. The described operations and their associated modules
may be embodied in software, firmware, hardware, or any combinations thereof.

[0082] Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the invention
be limited not by this detailed description, but rather by any claims that issue on an application
based hereon. Accordingly, the disclosure of the embodiments of the invention is intended to be
illustrative, but not limiting, of the scope of the invention, which is set forth in the following
claims.

[0083] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary skill in the art to which the presently
disclosed subject matter pertains. Although any methods, devices, and materials similar or
equivalent to those described herein can be used in the practice or testing of the presently
disclosed subject matter, representative methods, devices, and materials are now described.
[0084] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in the subject specification, including the claims. Thus, for
example reference to “an additive” can include a plurality of such additives, and so forth.
[0085] Unless otherwise indicated, all numbers expressing quantities of components,

conditions, and so forth used in the specification and claims are to be understood as being
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modified in all instances by the term “about”. Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the instant specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained by the
presently disclosed subject matter.

[0086] As used herein, the term “about”, when referring to a value or to an amount of
mass, weight, time, volume, concentration, and/or percentage can encompass variations of, in
some embodiments +/-20%, in some embodiments, +/-10%, in some embodiments +/- 5%, in
some embodiments +/-1%, in some embodiments +/-0.5%, and in some embodiments, +/-0.1%,
from the specified amount, as such variations are appropriate in the disclosed products and

methods.
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CLAIMS

1. An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current;
applying the electrolytic current to the cathode,
wherein the DC component includes cycling between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

2. The method of claim 1, further comprising:
performing an initial loading comprising:

mixing an initial DC component and an initial AC component to produce an initial
electrolytic current;

applying the initial electrolytic current to the cathode,
wherein the initial DC component includes cycling between:
a third voltage applied to the cathode for a third period of time;
a fourth voltage applied to the cathode for a fourth period time;
wherein the fourth voltage is higher than the third voltage;

wherein the third period of time and the fourth period of time are approximately
the same; and

wherein the third voltage is lower than the first voltage and the fourth voltage is
lower than the second voltage; and

wherein the initial AC component has a frequency between about 1Hz and about
100kHz.
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3. The method of claim 1, further comprising sealing the electrochemical reaction vessel.

4. The method of claim 3, further comprising flushing the electrochemical reaction vessel with a
reductive gas prior to sealing the electrochemical vessel.

5. The method of claim 1, further comprising applying a magnetic field to the electrochemical
reaction vessel.

6. The method of claim 1, wherein the frequency of the AC component is dynamically adjusted.

7. The method of claim 1, wherein the DC component and AC component of the electrolytic
current is mixed with a DC bias.

8. The method of claim 1, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

9. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/cm?/s.

10. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

11. The method of claim 1, wherein the solvent is a solution containing LiOH.

12. The method of claim 1, wherein the solvent is a solution containing LiOD.

13. A system for electrolytic loading of hydrogen into a cathode comprising:

an electrochemical reaction vessel filled with a solvent;

a cathode and an anode disposed within the electrochemical reaction vessel;
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an electrolytic current source connected to the cathode, wherein the electrolytic current
comprises:

a DC component, wherein the DC component cycles between:

a first voltage applied to the cathode for a first period of time;

a second voltage applied to the cathode for a second period time;

wherein the second voltage is higher than the first voltage, and

wherein the second period of time is shorter than the first period of time; and
a AC component with a frequency between about 1Hz and about 100kHz;

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

14. The system of claim 13, wherein the electrochemical reaction vessel is sealed.

15. The system of claim 14, wherein the electrochemical reaction vessel is flushed with a
reductive gas prior to sealing.

16. The system of claim 13, further comprising a magnetic field applied to the electro chemical
reaction vessel.

17. The system of claim 13, wherein the frequency of the AC component is dynamically
adjusted.

18. The system of claim 13, further comprising a mixer, wherein the mixer mixes the DC
component and AC component of the electrolytic current with a DC bias.

19. The system of claim 13, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

20. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/ecm?/s.
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21. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

22. The system of claim 13, wherein the solvent is a solution containing LiOH.

23. The system of claim 13, wherein the solvent is a solution containing LiOD.
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ABTSRACT

An electrolytic method of loading hydrogen into a cathode includes placing the cathode and an
anode in an electrochemical reaction vessel filled with a solvent, mixing a DC component and an
AC component to produce an electrolytic current, and applying an electrolytic current to the
cathode. The DC component includes cycling between: a first voltage applied to the cathode for
a first period of time, a second voltage applied to the cathode for a second period of time,
wherein the second voltage is higher than the first voltage, and wherein the second period of time
is shorter than the first period of time. The AC component has a frequency between about 1 Hz
and about 100kHz. The peak sum of the voltages supplied by the DC component and AC

component is higher than the dissociation voltage of the solvent.
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Marked-Up Specification

METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority of U.S. provisional patent
application no. 62/804,989, titled “METHODS FOR ENHANCED ELECTROLYTIC
LOADING OF HYDROGEN,” filed on February 13, 2019, which is incorporated herein in its

entirety by this reference.

TECHNICAL FIELD

[002] The present disclosure relates to methods of producing heat through
electrochemical means. Specifically, the present disclosure relates to the production of heat

through electrolytic loading of hydrogen into a cathode.

BACKGROUND

[003] Some electrochemical applications involve the loading of hydrogen or similar
species into one or more electrodes. There are three primary competing technologies for the
loading of hydrogen into an electrode: “Low High” DC voltage application by Takahashi, the “q

wave” method of Brillouin, and the “superwave” forms of Dardik.

[004] Most current methods of electrolytic loading of hydrogen into metals involve
slow, steady loading with constant current DC or with a constant voltage. Some systems use
pulsed high-low series of DC pulses to aid the process. Shaped AC waves are known in the art,
however these still require long, slow loading and do not achieve internal compression of the

hydrogen within the metal electrodes. Some experimental and engineering designs require
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regions of very high hydrogen concentrations to be reached before the desired effects can be
achieved or studied. For example, United States Patent Application No. 20070280398 describes
a fractal based superwaves technique for hydrogen loading involving the addition of many AC

waveforms without DC bias.

[005] The problem with known methods of electrochemical hydrogen loading is that the
production of the capacitive double layer around the electrode often limits the loading rates and
levels reached in the electrode. Therefore, a protocol that can achieve high regions of hydrogen
loading within or upon the surface of electrodes in a shorter time and can continue to produce or

maintain high loading levels for extended times is needed.

SUMMARY OF THE INVENTION

[006] The present invention uses the synergistic addition of both Low-High DC stepped
switching with a shaped AC superimposed to the DC in the hydrogen loading process. This
allows the DC to increase loading during the lower (i.e., less negative) voltage, high current step
by taking advantage of the in and out flushing of the hydrogen at the surface utilizing the
capacitance nature of the well-known electrochemical double layer formed by the electrolyte
near the surface. Additionally, during the higher voltage and lower current DC step, the AC can
cause added egress of the hydrogen from the metal and keep diffusion channels open. (For
cathode loading the cathode is at a negative potential.) By altering the duty cycle of the DC
stepping between the high and low stages, the loading rate during the high voltage step can add
more hydrogen than is lost during the low voltage stage. The in and out migration of the
hydrogen tends to open up more transport routes and other features that allow much higher levels

of loading and faster loading than either DC or AC alone or one following the other in
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succession independently. The advantage of this synergistic effect is greatly desired in some

application.

[007] One of ordinary skill in the art will appreciate that references to hydrogen
throughout the specification may refer to all stable isotopes of hydrogen including protium,

deuterium, and/or tritium. Likewise, the term water includes its various isotopic forms.

[008] In one embodiment, an electrolytic method of loading hydrogen into a cathode
may include placing the cathode and an anode in an electrochemical reaction vessel filled with a
solvent, mixing a DC component and an AC component to produce an electrolytic current, and
applying the electrolytic current to the cathode. The DC component may include cycling
between: a first voltage applied to the cathode for a first period of time, a second voltage applied
to the cathode for a second period of time, wherein the second voltage is higher than the first
voltage, and wherein the second period of time is shorter than the first period of time. The AC
component may have a frequency between about 1 Hz and about 100kHz. The peak sum of the
voltages supplied by the DC component and AC component may be higher than the dissociation

voltage of the solvent.

[009] In yet another embodiment, the method may further include performing an initial
loading. The initial loading may include mixing an initial DC component and an initial AC
component to produce an initial electrolytic current and applying the initial electrolytic current to
the cathode. The initial DC component may include cycling between: a third voltage applied to
the cathode for a third period of time, a fourth voltage applied to the cathode for a fourth period
of time, wherein the fourth voltage is higher than the third voltage, wherein the third period of

time and the fourth period of time are approximately the same, and wherein the third voltage is
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lower than the first voltage and the fourth voltage is lower than the second voltage. The initial

AC component may have a frequency between about 1Hz and about 100kHz.

[0010] In another embodiment, a system for electrolytic loading of hydrogen into a
cathode may include an electrochemical reaction vessel filled with a solvent, a cathode and an
anode disposed within the electrochemical reaction vessel, and an electrolytic current source
connected to the cathode. The electrolytic current may include a DC component, wherein the DC
component may cycle between a first voltage applied to the cathode for a first period of time, and
a second voltage applied to the cathode for a second period of time, wherein the second voltage
may be higher than the first voltage, and wherein the second period of time may be shorter than
the first period of time. The electrolytic current may further include an AC component with a
frequency between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the

DC component and AC component may be higher than the dissociation voltage of the solvent.

[0011] In yet another embodiment, the method may further comprise sealing the

electrochemical reaction vessel.

[0012] In yet another embodiment, the method may further include flushing the
electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

[0013] In yet another embodiment, the method may further include applying a magnetic

field to the electrochemical reaction vessel.

[0014] In yet another embodiment, the frequency of the AC component may be

dynamically adjusted.
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In yet another embodiment, the DC component and the AC component of the

[0015]

electrolytic current may be mixed with a DC bias.

In yet another embodiment, the cathode may be comprised of at least one of

[0016]

palladium or a palladium alloy.

In yet another embodiment, the cathode may have a hydrogen diffusion rate

[0017]

greater than about 0.1 cm’/cm?/s.

In yet another embodiment, the cathode may have a hydrogen diffusion rate

[0018]

3/em?/s.

greater than about 1.4 cm

In yet another embodiment, the solvent may be solutions containing LiOH.

[0019]

In yet another embodiment, the solvent may be solutions containing LiOD.

[0020]
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provide an understanding of one or more particular embodiments of broader inventive subject
matters. The descriptions expound upon and exemplify particular features of those particular
embodiments and features. Considerations in view of these descriptions will likely give rise to

embodiments without limiting the inventive subject matters to the explicitly described
additional and similar embodiments and features without departing from the scope of the
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presently disclosed subject matter.

N Referring now to FIG.1, in one embodiment of the present invention, an
electrolytic method of loading hydrogen into a cathode may comprise placing the cathode and an
anode in an electrochemical reaction vessel filled with a solvent 10, mixing a DC component and
an AC component to produce an electrolytic current 30, and applying an electrolytic current to
the cathode 40. The DC component may include cycling between: a first voltage applied to the
cathode for a first period of time, a second voltage applied to the cathode for a second period of
time, wherein the second voltage is higher than the first voltage, and wherein the second period
of time is shorter than the first period of time. The AC component may have a frequency
between about 1 Hz and about 100kHz. The peak sum of the voltages supplied by the DC

component and AC component may be higher than the dissociation voltage of the solvent.

11.DC currents and voltages used here may be switched in time but have a specific
polarity above 0 volts as measured by traditional electrochemical methods, i.e. related to
uncharged unbounded hydrogen. For clarity, the term DC includes switched DC where the
desired voltage remains stable over an extended time. The term AC currents and voltages are
used to describe currents which pass through the 0 voltage levels or through the value set by the
DC voltages. That is we are using the term relative to the anode of the electrochemical system

and AC is meant to be current that alternates between positive and negative charge on the

cathode.

It should be clear to those skilled in the art of electrochemistry, that the desired
DC biased AC wave forms are applied to electrodes within an electrochemical cell. Specifically,
at least the primary current of the DC applied to the cell is polarized so that the electrode

(cathode) to receive the hydrogen is negatively charged compared to one of the other electrodes

7
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so that hydrogen species are moved toward the cathode.

X331 _When the frequency of the AC waveform is discussed it is meant to refer to the

Fourier component of that waveform which has the greatest amplitude. It should be realized that
the waveform can take a variety of forms. Waveforms having a component with rise-times

shorter than 250 ns are preferred.

‘{_To avoid confusion, it should be noticed in electrochemical system one electrode
is taken as a reference. For this electrolysis system, the anode is taken as the reference and set to

ground. The cathode is negatively charge with respect to the anode and to ground.

1 ]t is preferred that the DC component’s duty cycle be such to have a greater on
time for the high voltage or high currents than for the lower ones after the initial loading

protocol. This is for the purpose of giving a net ingress of the hydrogen into the electrode. In
one embodiment, the cycle timing was 5 minutes with 90% on time for the lower voltage and

10% on time for the higher voltage. (Note: the cathode being loaded is at a negative potential.)

In that embodiment, the high voltage was set at 10 VDC and the low voltage at 1 VDC.

&1 In the preferred embodiment, the time between the DC Lo-High cycles (period)

should be less than 20 minutes for electrodes with maximum thicknesses of Imm. Longer times

do not seem to be beneficial for such commonly used materials.

‘1 _The AC waveform component to the electrolytic current can be of many different

functional forms such as sine, square, pulsed, or triangular as commonly available from function
generators. Sine waves are used in the description herein but others waveforms can be

envisioned by those skilled in the art of electrical engineering. The AC component is added to
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the stepped cycle DC component for the purpose of causing dynamic movement of the hydrogen
into, though, and out of the electrochemical double layer and the surface of the electrode. The
sum of the DC and AC components is applied between the electrode to be loaded with hydrogen
and another electrode in a manor customary to electrolysis and known within the art of
electrochemistry. In the preferred embodiment the addition of the AC and DC components
should allow the voltage at the cathode to rise above zero voltage to release hydrogen from the
electrode but not, however, to strip the hydrogen completely. Thus the greatest rise of the
voltage should be slightly above zero volts but not significantly above zero nor remain at such
levels for extended times. It is desired that the cathode be at a negative potential compared to the
anode electrode (taken as ground) for longer total times than the positive times. In one
embodiment the DC volts where chosen at -10V (90% of the time) and -1.5V (10% of the time)
volts and the AC sine amplitude was chosen as 2.5 volts with a frequency of 100 Hz. This results
in short-term peak voltages at the cathode to rise to 1 volt. However, the majority of the time the
cathode experiences voltages above the dissociation voltage of the water solvent of about 1.5

volts and thus loads hydrogen into the electrode.

y1_Referring now to FIG. 2, deloading can occur when the AC component adds to

the DC in such a way to raise it above zero potential. The anode potential is taken as ground or 0
potential. The primary loading occurs during the time the DC component is at a more negative
potential. There is a greater current flow when the cathode is at its more negative potentials. In
the embodiment illustrated in FIG. 2, the two DC supplies are two DC-DC Adjustable Power
Supply Output Step-down Module 6.5V-60V to 1.25-30V 10A UPC 741870439544 Their
purpose is to supply a DC bias to the cathode for loading of hydrogen into the electrode. To that

end, it is important that voltages in excess of the dissociation of the solvent (i.e. water) be
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developed between the two electrodes. For water-basedsolvents, this is around 1.2 to 1.5V
dependent on pressures, electrolyte concentration, isotopic makeup, and temperatures. The two
currents are wired to a double pole double throw relay (in one embodiment this was an Enclosed
Power Relay,8 Pin,24VDC, DPDT SCHNEIDER ELECTRIC 92S11D22D-24D). The relay was
cycled by a repeating unit 12V DC Multifunction Self-lock Relay PLC Cycle Timer Module
Delay Time Switch UPC 714046658482 1Its function is to activate the relay to cycle between the
two DC power supplies. One of ordinary skill in the art would appreciate that any suitable DC

supply, controller, and relay may be used in the present invention.

3N _Referring now to FIG. 3, a general conception of the AC/-DC mixing according to
an embodiment of the present invention is shown. It is shown as component units with discrete
purposes. The parts’ purpose is to supply a cycled DC voltage in a repetitive low- high cycle. It
should be obvious by those skilled in the art of electrical engineering that many circuit designs
can be employed for the same purpose. For example, a single programmable DC supply could
replace the unit or a computer controlled DC supply. Alternatively, a dedicated AC generator

which can provide DC Fourier components could be used. However, the separate components of

the figure illustrates one embodiment the desired DC part of the input power can be obtained.

11 _As mentioned elsewhere, one supply should be set so that there is net hydrogen-
mediated current into the electrode and it should also have a voltage setting so the hydrogen can
be dissociated in the solvent. The output of the stepped DC part of the system 303 is then
directed to an AC/DC mixing unit 304 for the purpose of adding the two components for supply

to the electrodes within the electrochemical system.

{11 Referring now to FIG. 4, a voltage vs. time output from the stepped DC portion of

10
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the system is shown. The duty cycle provides for the greater potential difference, and hence
greater electrochemical current, for longer times than the lesser potential difference between
electrodes. Thus, greater time is spent at the larger negative values for the purpose of providing

hydrogen to the cathode.

Mai The AC may be supplied by any suitable AC supply 305, for example, a HIGH

SR

PRECISION Audio Signal Generator 1Hz-1MHz with Sine Triangle Square outputs, UPC
0713893274877 or the like. It should be noted that other frequencies may be used, however,
frequencies between 1Hz and 100kHz have been observed to be adequate for most applications.
The primary factor in setting frequencies is the electrochemical double layer capacitance at the
cathode. It is preferred that the expected frequencies range of the specific cell be determined by a
method common within the art of electrochemical impedance spectroscopy. That is the primary
AC frequency applied should allow for the greatest current flow into the cathode. The output of

the AC or functional form device is fed via a current sensor into the AC/DC mixer 304.

S ANN
N NI

_In yet another embodiment, the frequency of the AC component 305 may be
dynamically adjusted. A current sensor may indicate the absorption of the AC by the
electrochemical cell. This, in turn, may signal the transport of the ionic species into, through, and
out of the electrochemical double layer and eventually the movement of the hydrogen at the
surface or near the surface of the cathode. The AC current sensor may relay the information to a
frequency controller whose role is to keep the AC frequency center near the area of maximum
AC absorption. Thus it assures a large movement of the hydrogen at the surface and near the
surface of the cathode. It is conjectured that this keeps the surface clean and diffusion pathways
open. It also shuttles ions through the double layer from the solvent. However, since the cathode

experiences outflow of some hydrogen for only short limited times there is net loading of the

11
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cathode. It is envisioned that the entire AC part of the system could comprise a single electronic

unit.

3881 _Referring now to FIG. 5, a typical AC output using a simple sine form is shown.

Other functional forms are contemplated in the present invention.

N
Nt

Scedt S

In yet another embodiment, the DC component and the AC component of the
electrolytic current may be mixed with a DC bias. For enhanced loading of the electrode, the AC
or other functional form and the stepped DC current need to be mixed while retaining the DC
bias of the output. The goal is to enhance loading by allowing the AC to assist transport through
the double layer while fluxing into and out of the metal surface. The DC bias gives a net influx
of ions and other species into the cathode. Thus the combination has greater utility than either
method alone and greater utility than one following later in time by the other. This synergistic

combination is important for the performance of the method and device described herein.

{_A large number of DC bias AC mixing circuits are known within the art. A

typical embodiment is a simple bias Tee circuit designed to pass the AC through a capacitor and

the DC through an inductor while blocking the reflection back into the supplies.

47 1 Such circuits are well known and component sizes should be selected based on
the expected frequency ranges. In one embodiment, the bias tee mixer was constructed using a

series of 10mH inductors and a parallel circuit of Metallized Polyester Film 22mF Capacitors.

{

1_Referring again to FIG. 1, in yet another embodiment, the method may further

comprise performing an initial loading 20. The initial loading may comprise applying an initial
electrolytic current to the cathode, the initial electrolytic current may include an initial DC
component, wherein the initial DC component may include cycling between: a third voltage

applied to the cathode for a third period of time, a fourth voltage applied to the cathode for a

12
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fourth period of time, wherein the fourth voltage is higher than the third voltage, wherein the
third period of time and the fourth period of time are approximately the same, and wherein the
third voltage is lower than the first voltage and the fourth voltage is lower than the second
voltage. The initial electrolytic current may further include an AC component with a frequency

between about 1Hz and about 100kHz.

31 Jtis preferred that the initial loading of the electrode is conducted at lower
temperatures such as below room temperature and that the initial loading is first to be done with
low currents and voltages and with the high low DC component duty cycle be near 50%. After 1
hour, the currents can be raised and the duty cycle reduced. This is thought to provide a more
gradual loading and avoid some volume expansion distortions due to unequal loading. Once the
electrode has been initial loaded and conditioned above 0.6 H/Pd atomic ratios, it can be later be
loaded more quickly. Additionally, the duty cycle may be set to 0% after the initial loading

protocols and a simple flat DC voltage biased AC can be used with care taken so that the average

potential is favorable to retaining loading.

S _In yet another embodiment, the method may further comprise sealing the

{_In yet another embodiment, the method may further include flushing the

Sadus

electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

In most electrochemical systems, gases are released during operation. Such cells
are termed “open” when the system is open for gas exchange to and from the environment and

termed “closed” when sealed against such exchanges or have methods to control such exchanges.

‘i _In systems designed for hydrogen loading into electrodes, the gas is retained by

13
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the electrode and a companion gas such as oxygen from electrolysis is released into the system.
This often results in the accumulation of so-called “orphaned oxygen” since there is not enough
free hydrogen or reductive species to react with the free oxygen. This is usually detrimental to
most thermal energy studies and devices. To that end, it is preferred to first run the system be
conducted open or vented to the atmosphere so the orphaned oxygen can leave during the initial
loading stages and then be closed later to limit contamination and conserve the electrolyte. In
one embodiment this is accomplished by first loading a Pd based cathode run with amp-secs in
excess of the time calculated amount that would be required from an estimate based on Faraday's
laws of electrolysis of hydrogen needed to fully load the amount of Pd used in said system. In
many embodiments, runs were run open longer than ten times the estimated time calculated by
Faraday’s law. After such time, the cell was sealed or pressure monitored for controlled release
or for overpressures leading to higher operating pressures and temperatures. In one embodiment,
Pd on Al,O3 recombination catalyst was used with a cell that was first run open for 4 days and

then closed.

{_The initial running systems open before closing also allows for volatiles to be
removed from the solution. This is especially important when trying to load with deuterium
from heavy water solutions. Since deuterium oxide (i.e. heavy water) is hygroscopic, solutions
often are supplied or become contaminated with the lighter isotope of hydrogen. Light hydrogen
is more quickly evolved than the deuterium isotope of hydrogen in electrolytic systems due to its
lower voltage required for dissociation. Running open at low voltages and currents preferentially

remove the lighter isotope.

1..One alternative is to flush the gas out of the cell with a reductive species such as

hydrogen and then sealed so that any orphaned oxygen will have enough hydrogen to react and
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be sequestered in the form of water.

1. _In yet another embodiment, the method may further include applying a magnetic
field to the electrochemical reaction vessel. In many thermally active electrochemical systems,
the magnetic fields are applied for either study of the processes or for adjusting internal spin
based reactions. This is especially useful when paramagnetic or ferromagnetic materials are used
for one or more electrodes. Hence, in one embodiment, a disc magnet (N42 2x1/2 Inch Rare
Earth Neodymium Disc Magnet from Magnets4Less) was placed beneath the reactive chamber
and a second ring magnet (3 ODx 2 IDx 1/2 Inch Rare Earth Neodymium Ring Magnet Grade

N42 from Magnets4Less). This supplied a field of 300 gauss in the region occupied by the

central electrode.

. _In yet another embodiment, the cathode may have a hydrogen diffusion rate

R

of hydrogen. The material should have a hydrogen diffusion rate greater than 0.1 cm?*/cm?/s and

with rates greater than 1.4 cm’/cm’/s.

y11_The function of the reaction vessel is to provide a relatively inert and structurally
stable container for the electrochemical reaction. Such vessels are known to those skilled in the

art of chemistry. In one embodiment a Glass Proglass 250mL Flask fitted with 24/40, 14/20 Two

15



Atty Ref: 438/98 UTIL

Necks lid and sealed with an Easy Open PTFE Clamp. The central 24/40 neck of the lid is suited
to mount a Graham condenser for returning steam from the system back into the vessel. The
14/20 side neck is suited for passing the electrical connections to the electrodes and sensors. One
of ordinary skill in the art would understand any other suitable reaction vessel known in the art

may be used in the present invention.

&1 _In one embodiment, the electrochemical reaction vessel was partially filled with
100 ml of an LiOD 0.1M heavy water based solution. A Pt coated Ti mesh electrode was used as
the anode and the cathode was selected as discussed below. The chemical reflux condenser
assembly was insulated with vermiculite and cooling water at 30C was passed down through the
condenser (common counter-flow systems in chemistry). This allowed the system to run at

boiling temperatures for extended times. This was slightly above 92 C due to the altitude of the

inventor’s laboratory.

i _Referring now to FIG. 6, in another embodiment, a system for electrolytic loading
of hydrogen 600 into a cathode 604 may comprise an electrochemical reaction vessel 606 filled
with a solvent, a cathode 604 and an anode 605 disposed within the electrochemical reaction
vessel 606, and an electrolytic current source 603 connected to the cathode 604. The electrolytic
current may comprise a DC component 602, wherein the DC component 602 may cycle between
a first voltage applied to the cathode 604 for a first period of time, and a second voltage applied
to the cathode 604 for a second period of time, wherein the second voltage may be higher than
the first voltage, and wherein the second period of time may be shorter than the first period of

time. The electrolytic current may further comprise an AC component 601 with a frequency
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between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the DC

component 602 and AC component 601 may be higher than the dissociation voltage of the

solvent.

11._One of ordinary skill in the art will appreciate the system may be used in a

manner consistent with the electrolytic methods of loading hydrogen into a cathode as described

above and in the example herein.

"\ _EXAMPLE I

Aashas

' The increase loading rate and maximum loading ratios of Hydrogen species into

metals is useful in a wide range of utilities. For example, in studies of hydrogen storage
materials, hydrogen embrittlement studies, measurements of circuit’s resistance and inductance,
and even in areas where isotopic hydrogen is studied for thermal release or for tritium storage.
To verify the utility of the method, a series of experiments were conducted to compare loading
rates by the electrochemical method described herein and with traditional loading for simple DC

electrolysis.

'{__Resistance versus time measurements of a palladium wire were made to judge

loading rates. Such resistance changes need to be well studied for the case of hydrogen being

N N TV O

loading electrochemically into Palladium. ¥esexampisrFiGRahenshaw-the-doaded rasistanes

-

HRaladimialiorad asnatwa b dragends-eadeduants-it—The relative resistance, R/Ry (i.e.

loaded resistance divided by preloaded resistance), increases by a factor of approximately 1.8 as

the H to Pd atomic ratio reaches 0.65 at room temperatures and standard atmospheric pressures.

HERMETERNE SHTE RO - teeir et - B 1 e dhe-dentering-ivetepe-ab-iydvagea~Thus the
rate of change of resistance upon loading can be used to evaluate the loading rate and levels.
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Also when both samples are from the same original wire length, operated under the same

environmental conditions, and same amp-seconds of electrolysis, a comparison can be made.

11_In one embodiment, two 1 foot 95% Pd 5% Ru 28 gauge (AGW) wires were cut
from a single piece and were loaded by the two methods described herein for comparison. This
was done simply by lowering a loop of each wire into a 0.1M LiOH solution which also
contained a platinized Ti mesh electrode commonly used for Pd and Rh electroplating. The
resistance of each wire was monitored with respect to time. The resistance was measured by an
EXTECH 380560 PRECISION MILLIOHM METER via conventional four wire Kelvin clips
placed on the wire ends just above the surface of the solution. The clips were adjusted so the two
wires had the same initial resistance of 0.971 ohms. The two wires were run at the same RMS
average power levels as measured with a Valhalla Scientific 2100 Digital Power Analyzer. One
was run at constant DC current and one at a high DC voltage of 5 volts and a low of 1.75 volts
and an AC sine wave at 100Hz with an amplitude of 3.5 volts peak to peak. The switching

between the DC values was set at 5 minutes with a 20% duty cycle.

/
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»
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11 _The resistance maximum was reached at 14.5 hours and indicates a loading of

about 0.75 D/Pd ratio. The turn down in the resistance past that time shows continued loading as

the phase of the Pd begins to change.

11 _The average rate over the 18 hour run of the competing loading ratios shows that
the method described herein is 1.47 higher than DC current alone for the first 18 hours. Itis also
worth noting that the ultimate loading ratio achieved by this method is higher than the DC alone.
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For example, after 10 hours, the DC alone loading only achieved a R/R level of 1.3 while the

method of this invention achieved a level of over 1.5.

_The above description and drawings are illustrative and are not to be construed as

limiting the invention to the precise forms disclosed. Persons skilled in the relevant art can

appreciate that many modifications and variations are possible in light of the above disclosure.
Numerous specific details are described to provide a thorough understanding of the disclosure.
However, in certain instances, well-known or conventional details are not described in order to

avoid obscuring the description.

{_Reference in this specification to "one embodiment" or "an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the disclosure. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment, nor are separate or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described which may be exhibited by some

embodiments and not by others. Similarly, various requirements are described which may be

requirements for some embodiments but not other embodiments.

{_Unless the context clearly requires otherwise, throughout the description and the
claims, the words "comprise," "comprising," and the like are to be construed in an inclusive
sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including,

but not limited to." As used herein, the terms "connected," "coupled," or any variant thereof,

means any connection or coupling, either direct or indirect, between two or more elements; the
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coupling of connection between the elements can be physical, logical, or any combination

thereof. Additionally, the words "herein,” "above,” "below," and words of similar import, when
used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the above Detailed Description
using the singular or plural number may also include the plural or singular number respectively.
The word "or," in reference to a list of two or more items, covers all of the following

interpretations of the word: any of the items in the list, all of the items in the list, and any

combination of the items in the list.

1. The teachings of the disclosure provided herein can be applied to other systems,
not necessarily the system described above. The elements and acts of the various embodiments

described above can be combined to provide further embodiments.

{_These and other changes can be made to the disclosure in light of the above
Detailed Description. While the above description describes certain embodiments of the
disclosure, and describes the best mode contemplated, no matter how detailed the above appears
in text, the teachings can be practiced in many ways. Details of the system may vary
considerably in its implementation details, while still being encompassed by the subject matter
disclosed herein. As noted above, particular terminology used when describing certain features
or aspects of the disclosure should not be taken to imply that the terminology is being redefined
herein to be restricted to any specific characteristics, features, or aspects of the disclosure with
which that terminology is associated. In general, the terms used in the following claims should
not be construed to limit the disclosure to the specific embodiments disclosed in the
specification, unless the above Detailed Description section explicitly defines such terms.

Accordingly, the actual scope of the disclosure encompasses not only the disclosed
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embodiments, but also all equivalent ways of practicing or implementing the disclosure under the

claims.

\{_The terms used in this specification generally have their ordinary meanings in the
art, within the context of the disclosure, and in the specific context where each term is used.
Certain terms that are used to describe the disclosure are discussed above, or elsewhere in the
specification, to provide additional guidance to the practitioner regarding the description of the
disclosure. For convenience, certain terms may be highlighted, for example using capitalization,
italics and/or quotation marks. The use of highlighting has no influence on the scope and

meaning of a term; the scope and meaning of a term is the same, in the same context, whether or

not it is highlighted. It will be appreciated that same element can be described in more than one

Y Consequently, alternative language and synonyms may be used for any one or
more of the terms discussed herein, nor is any special significance to be placed upon whether or
not a term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital
of one or more synonyms does not exclude the use of other synonyms. The use of examples
anywhere in this specification including examples of any terms discussed herein is illustrative
only, and is not intended to further limit the scope and meaning of the disclosure or of any

exemplified term. Likewise, the disclosure is not limited to various embodiments given in this

specification.

11 _Without intent to further limit the scope of the disclosure, examples of
instruments, apparatus, methods and their related results according to the embodiments of the
present disclosure are given below. Note that titles or subtitles may be used in the examples for

convenience of a reader, which in no way should limit the scope of the disclosure. Unless
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otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure pertains. In the

case of conflict, the present document, including definitions will control.

Some portions of this description describe the embodiments of the invention in
terms of algorithms and symbolic representations of operations on information. These
algorithmic descriptions and representations are commonly used by those skilled in the data
processing arts to convey the substance of their work effectively to others skilled in the art.
These operations, while described functionally, computationally, or logically, are understood to
be implemented by computer programs or equivalent electrical circuits, microcode, or the like.
Furthermore, it has also proven convenient at times, to refer to these arrangements of operations
as modules, without loss of generality. The described operations and their associated modules

may be embodied in software, firmware, hardware, or any combinations thereof.

Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the invention
be limited not by this detailed description, but rather by any claims that issue on an application
based hereon. Accordingly, the disclosure of the embodiments of the invention is intended to be
illustrative, but not limiting, of the scope of the invention, which is set forth in the following

claims.

321 _Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood to one of ordinary skill in the art to which the presently

disclosed subject matter pertains. Although any methods, devices, and materials similar or

equivalent to those described herein can be used in the practice or testing of the presently
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disclosed subject matter, representative methods, devices, and materials are now described.

TP L I3

i1 _Following long-standing patent law convention, the terms “a”, “an”, and “the”

refer to “one or more” when used in the subject specification, including the claims. Thus, for

example reference to “an additive” can include a plurality of such additives, and so forth.

Unless otherwise indicated, all numbers expressing quantities of components,
conditions, and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the instant specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained by the

presently disclosed subject matter.

1 _As used herein, the term “about”, when referring to a value or to an amount of
mass, weight, time, volume, concentration, and/or percentage can encompass variations of, in
some embodiments +/-20%, in some embodiments, +/-10%, in some embodiments +/- 5%, in
some embodiments +/-1%, in some embodiments +/-0.5%, and in some embodiments, +/-0.1%,
from the specified amount, as such variations are appropriate in the disclosed products and

methods.

23



Atty Ref: 438/98 UTIL

CLAIMS

1. An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current;
applying the electrolytic current to the cathode,
wherein the DC component includes cycling between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

2. The method of claim 1, further comprising:
performing an initial loading comprising:

mixing an initial DC component and an initial AC component to produce an initial
electrolytic current;

applying the initial electrolytic current to the cathode,
wherein the initial DC component includes cycling between:
a third voltage applied to the cathode for a third period of time;
a fourth voltage applied to the cathode for a fourth period time;
wherein the fourth voltage is higher than the third voltage;

wherein the third period of time and the fourth period of time are approximately
the same; and

wherein the third voltage is lower than the first voltage and the fourth voltage is
lower than the second voltage; and

wherein the initial AC component has a frequency between about 1Hz and about
100kHz.
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3. The method of claim 1, further comprising sealing the electrochemical reaction vessel.

4. The method of claim 3, further comprising flushing the electrochemical reaction vessel with a
reductive gas prior to sealing the electrochemical vessel.

5. The method of claim 1, further comprising applying a magnetic field to the electrochemical
reaction vessel.

6. The method of claim 1, wherein the frequency of the AC component is dynamically adjusted.

7. The method of claim 1, wherein the DC component and AC component of the electrolytic
current is mixed with a DC bias.

8. The method of claim 1, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

9. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/cm?/s.

10. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

11. The method of claim 1, wherein the solvent is a solution containing LiOH.

12. The method of claim 1, wherein the solvent is a solution containing LiOD.

13. A system for electrolytic loading of hydrogen into a cathode comprising:

an electrochemical reaction vessel filled with a solvent;

a cathode and an anode disposed within the electrochemical reaction vessel;
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an electrolytic current source connected to the cathode, wherein the electrolytic current
comprises:

a DC component, wherein the DC component cycles between:

a first voltage applied to the cathode for a first period of time;

a second voltage applied to the cathode for a second period time;

wherein the second voltage is higher than the first voltage, and

wherein the second period of time is shorter than the first period of time; and
a AC component with a frequency between about 1Hz and about 100kHz;

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

14. The system of claim 13, wherein the electrochemical reaction vessel is sealed.

15. The system of claim 14, wherein the electrochemical reaction vessel is flushed with a
reductive gas prior to sealing.

16. The system of claim 13, further comprising a magnetic field applied to the electro chemical
reaction vessel.

17. The system of claim 13, wherein the frequency of the AC component is dynamically
adjusted.

18. The system of claim 13, further comprising a mixer, wherein the mixer mixes the DC
component and AC component of the electrolytic current with a DC bias.

19. The system of claim 13, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

20. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/ecm?/s.
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21. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

22. The system of claim 13, wherein the solvent is a solution containing LiOH.

23. The system of claim 13, wherein the solvent is a solution containing LiOD.
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CLAIMS

1. An electrolytic method of loading hydrogen into a cathode comprising:
placing the cathode and an anode in an electrochemical reaction vessel filled with a solvent;
mixing a DC component and an AC component to produce an electrolytic current;
applying the electrolytic current to the cathode,
wherein the DC component includes cycling between:
a first voltage applied to the cathode for a first period of time;
a second voltage applied to the cathode for a second period time;
wherein the second voltage is higher than the first voltage, and
wherein the second period of time is shorter than the first period of time; and
wherein the AC component has a frequency between about 1Hz and about 100kHz; and

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

2. The method of claim 1, further comprising:
performing an initial loading comprising:

mixing an initial DC component and an initial AC component to produce an initial
electrolytic current;

applying the initial electrolytic current to the cathode,
wherein the initial DC component includes cycling between:
a third voltage applied to the cathode for a third period of time;
a fourth voltage applied to the cathode for a fourth period time;
wherein the fourth voltage is higher than the third voltage;

wherein the third period of time and the fourth period of time are approximately
the same; and

wherein the third voltage is lower than the first voltage and the fourth voltage is
lower than the second voltage; and

wherein the initial AC component has a frequency between about 1Hz and about
100kHz.
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3. The method of claim 1, further comprising sealing the electrochemical reaction vessel.

4. The method of claim 3, further comprising flushing the electrochemical reaction vessel with a
reductive gas prior to sealing the electrochemical vessel.

5. The method of claim 1, further comprising applying a magnetic field to the electrochemical
reaction vessel.

6. The method of claim 1, wherein the frequency of the AC component is dynamically adjusted.

7. The method of claim 1, wherein the DC component and AC component of the electrolytic
current is mixed with a DC bias.

8. The method of claim 1, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

9. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/cm?/s.

10. The method of claim 1, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

11. The method of claim 1, wherein the solvent is a solution containing LiOH.

12. The method of claim 1, wherein the solvent is a solution containing LiOD.

13. A system for electrolytic loading of hydrogen into a cathode comprising:

an electrochemical reaction vessel filled with a solvent;

a cathode and an anode disposed within the electrochemical reaction vessel;
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an electrolytic current source connected to the cathode, wherein the electrolytic current
comprises:

a DC component, wherein the DC component cycles between:

a first voltage applied to the cathode for a first period of time;

a second voltage applied to the cathode for a second period time;

wherein the second voltage is higher than the first voltage, and

wherein the second period of time is shorter than the first period of time; and
a AC component with a frequency between about 1Hz and about 100kHz;

wherein the peak sum of the voltages supplied by the DC component and AC component
is higher than the dissociation voltage of the solvent.

14. The system of claim 13, wherein the electrochemical reaction vessel is sealed.

15. The system of claim 14, wherein the electrochemical reaction vessel is flushed with a
reductive gas prior to sealing.

16. The system of claim 13, further comprising a magnetic field applied to the electro chemical
reaction vessel.

17. The system of claim 13, wherein the frequency of the AC component is dynamically
adjusted.

18. The system of claim 13, further comprising a mixer, wherein the mixer mixes the DC
component and AC component of the electrolytic current with a DC bias.

19. The system of claim 13, wherein the cathode is comprised of at least one of palladium or a
palladium alloy.

20. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
0.1 cm*/ecm?/s.
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21. The system of claim 13, wherein the cathode has a hydrogen diffusion rate greater than about
1.4 cm’/cm?/s.

22. The system of claim 13, wherein the solvent is a solution containing LiOH.

23. The system of claim 13, wherein the solvent is a solution containing LiOD.
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METHODS FOR ENHANCED ELECTROLYTIC LOADING OF HYDROGEN

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority of U.S. provisional patent
application no. 62/804,989, titled “METHODS FOR ENHANCED ELECTROLYTIC
LOADING OF HYDROGEN,” filed on February 13, 2019, which is incorporated herein in its

entirety by this reference.

TECHNICAL FIELD

[002] The present disclosure relates to methods of producing heat through
electrochemical means. Specifically, the present disclosure relates to the production of heat

through electrolytic loading of hydrogen into a cathode.

BACKGROUND

[003] Some electrochemical applications involve the loading of hydrogen or similar
species into one or more electrodes. There are three primary competing technologies for the
loading of hydrogen into an electrode: “Low High” DC voltage application by Takahashi, the “q

wave” method of Brillouin, and the “superwave” forms of Dardik.

[004] Most current methods of electrolytic loading of hydrogen into metals involve
slow, steady loading with constant current DC or with a constant voltage. Some systems use
pulsed high-low series of DC pulses to aid the process. Shaped AC waves are known in the art,
however these still require long, slow loading and do not achieve internal compression of the

hydrogen within the metal electrodes. Some experimental and engineering designs require
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regions of very high hydrogen concentrations to be reached before the desired effects can be
achieved or studied. For example, United States Patent Application No. 20070280398 describes
a fractal based superwaves technique for hydrogen loading involving the addition of many AC

waveforms without DC bias.

[005] The problem with known methods of electrochemical hydrogen loading is that the
production of the capacitive double layer around the electrode often limits the loading rates and
levels reached in the electrode. Therefore, a protocol that can achieve high regions of hydrogen
loading within or upon the surface of electrodes in a shorter time and can continue to produce or

maintain high loading levels for extended times is needed.

SUMMARY OF THE INVENTION

[006] The present invention uses the synergistic addition of both Low-High DC stepped
switching with a shaped AC superimposed to the DC in the hydrogen loading process. This
allows the DC to increase loading during the lower (i.e., less negative) voltage, high current step
by taking advantage of the in and out flushing of the hydrogen at the surface utilizing the
capacitance nature of the well-known electrochemical double layer formed by the electrolyte
near the surface. Additionally, during the higher voltage and lower current DC step, the AC can
cause added egress of the hydrogen from the metal and keep diffusion channels open. (For
cathode loading the cathode is at a negative potential.) By altering the duty cycle of the DC
stepping between the high and low stages, the loading rate during the high voltage step can add
more hydrogen than is lost during the low voltage stage. The in and out migration of the
hydrogen tends to open up more transport routes and other features that allow much higher levels

of loading and faster loading than either DC or AC alone or one following the other in
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succession independently. The advantage of this synergistic effect is greatly desired in some

application.

[007] One of ordinary skill in the art will appreciate that references to hydrogen
throughout the specification may refer to all stable isotopes of hydrogen including protium,

deuterium, and/or tritium. Likewise, the term water includes its various isotopic forms.

[008] In one embodiment, an electrolytic method of loading hydrogen into a cathode
may include placing the cathode and an anode in an electrochemical reaction vessel filled with a
solvent, mixing a DC component and an AC component to produce an electrolytic current, and
applying the electrolytic current to the cathode. The DC component may include cycling
between: a first voltage applied to the cathode for a first period of time, a second voltage applied
to the cathode for a second period of time, wherein the second voltage is higher than the first
voltage, and wherein the second period of time is shorter than the first period of time. The AC
component may have a frequency between about 1 Hz and about 100kHz. The peak sum of the
voltages supplied by the DC component and AC component may be higher than the dissociation

voltage of the solvent.

[009] In yet another embodiment, the method may further include performing an initial
loading. The initial loading may include mixing an initial DC component and an initial AC
component to produce an initial electrolytic current and applying the initial electrolytic current to
the cathode. The initial DC component may include cycling between: a third voltage applied to
the cathode for a third period of time, a fourth voltage applied to the cathode for a fourth period
of time, wherein the fourth voltage is higher than the third voltage, wherein the third period of

time and the fourth period of time are approximately the same, and wherein the third voltage is



Atty Ref: 438/98 UTIL

lower than the first voltage and the fourth voltage is lower than the second voltage. The initial

AC component may have a frequency between about 1Hz and about 100kHz.

[0010] In another embodiment, a system for electrolytic loading of hydrogen into a
cathode may include an electrochemical reaction vessel filled with a solvent, a cathode and an
anode disposed within the electrochemical reaction vessel, and an electrolytic current source
connected to the cathode. The electrolytic current may include a DC component, wherein the DC
component may cycle between a first voltage applied to the cathode for a first period of time, and
a second voltage applied to the cathode for a second period of time, wherein the second voltage
may be higher than the first voltage, and wherein the second period of time may be shorter than
the first period of time. The electrolytic current may further include an AC component with a
frequency between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the

DC component and AC component may be higher than the dissociation voltage of the solvent.

[0011] In yet another embodiment, the method may further comprise sealing the

electrochemical reaction vessel.

[0012] In yet another embodiment, the method may further include flushing the
electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

[0013] In yet another embodiment, the method may further include applying a magnetic

field to the electrochemical reaction vessel.

[0014] In yet another embodiment, the frequency of the AC component may be

dynamically adjusted.
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[0015] In yet another embodiment, the DC component and the AC component of the

electrolytic current may be mixed with a DC bias.

[0016] In yet another embodiment, the cathode may be comprised of at least one of

palladium or a palladium alloy.

[0017] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 0.1 cm’/cm?/s.

[0018] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 1.4 cm’/cm?/s.

[0019] In yet another embodiment, the solvent may be solutions containing LiOH.

[0020] In yet another embodiment, the solvent may be solutions containing LiOD.
DETAILED DESCRIPTION

[0021] In the following description, for the purposes of explanation, numerous specific

details are set forth in order to provide a thorough understanding of the embodiments of the
invention. One skilled in the art will recognize that the embodiments of the invention may be
practiced without these specific details or with an equivalent arrangement. In other instances,
well-known structures and devices are shown in block diagram form in order to avoid
unnecessarily obscuring the embodiments of the invention.

[0022] The presently disclosed subject matter is presented with sufficient details to
provide an understanding of one or more particular embodiments of broader inventive subject

matters. The descriptions expound upon and exemplify particular features of those particular



Atty Ref: 438/98 UTIL

embodiments without limiting the inventive subject matters to the explicitly described
embodiments and features. Considerations in view of these descriptions will likely give rise to
additional and similar embodiments and features without departing from the scope of the
presently disclosed subject matter.

[0023] Referring now to FIG.1, in one embodiment of the present invention, an
electrolytic method of loading hydrogen into a cathode may comprise placing the cathode and an
anode in an electrochemical reaction vessel filled with a solvent 10, mixing a DC component and
an AC component to produce an electrolytic current 30, and applying an electrolytic current to
the cathode 40. The DC component may include cycling between: a first voltage applied to the
cathode for a first period of time, a second voltage applied to the cathode for a second period of
time, wherein the second voltage is higher than the first voltage, and wherein the second period
of time is shorter than the first period of time. The AC component may have a frequency
between about 1 Hz and about 100kHz. The peak sum of the voltages supplied by the DC

component and AC component may be higher than the dissociation voltage of the solvent.

[0024] DC currents and voltages used here may be switched in time but have a specific
polarity above 0 volts as measured by traditional electrochemical methods, i.e. related to
uncharged unbounded hydrogen. For clarity, the term DC includes switched DC where the
desired voltage remains stable over an extended time. The term AC currents and voltages are
used to describe currents which pass through the 0 voltage levels or through the value set by the
DC voltages. That is we are using the term relative to the anode of the electrochemical system
and AC is meant to be current that alternates between positive and negative charge on the

cathode.

[0025] It should be clear to those skilled in the art of electrochemistry, that the desired

6
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DC biased AC wave forms are applied to electrodes within an electrochemical cell. Specifically,
at least the primary current of the DC applied to the cell is polarized so that the electrode
(cathode) to receive the hydrogen is negatively charged compared to one of the other electrodes

so that hydrogen species are moved toward the cathode.

[0026] When the frequency of the AC waveform is discussed it is meant to refer to the
Fourier component of that waveform which has the greatest amplitude. It should be realized that
the waveform can take a variety of forms. Waveforms having a component with rise-times

shorter than 250 ns are preferred.

[0027] To avoid confusion, it should be noticed in electrochemical system one electrode
is taken as a reference. For this electrolysis system, the anode is taken as the reference and set to

ground. The cathode is negatively charge with respect to the anode and to ground.

[0028] It is preferred that the DC component’s duty cycle be such to have a greater on
time for the high voltage or high currents than for the lower ones after the initial loading
protocol. This is for the purpose of giving a net ingress of the hydrogen into the electrode. In
one embodiment, the cycle timing was 5 minutes with 90% on time for the lower voltage and
10% on time for the higher voltage. (Note: the cathode being loaded is at a negative potential.)

In that embodiment, the high voltage was set at 10 VDC and the low voltage at 1 VDC.

[0029] In the preferred embodiment, the time between the DC Lo-High cycles (period)
should be less than 20 minutes for electrodes with maximum thicknesses of Imm. Longer times

do not seem to be beneficial for such commonly used materials.

[0030] The AC waveform component to the electrolytic current can be of many different
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functional forms such as sine, square, pulsed, or triangular as commonly available from function
generators. Sine waves are used in the description herein but others waveforms can be
envisioned by those skilled in the art of electrical engineering. The AC component is added to
the stepped cycle DC component for the purpose of causing dynamic movement of the hydrogen
into, though, and out of the electrochemical double layer and the surface of the electrode. The
sum of the DC and AC components is applied between the electrode to be loaded with hydrogen
and another electrode in a manor customary to electrolysis and known within the art of
electrochemistry. In the preferred embodiment the addition of the AC and DC components
should allow the voltage at the cathode to rise above zero voltage to release hydrogen from the
electrode but not, however, to strip the hydrogen completely. Thus the greatest rise of the
voltage should be slightly above zero volts but not significantly above zero nor remain at such
levels for extended times. It is desired that the cathode be at a negative potential compared to the
anode electrode (taken as ground) for longer total times than the positive times. In one
embodiment the DC volts where chosen at -10V (90% of the time) and -1.5V (10% of the time)
volts and the AC sine amplitude was chosen as 2.5 volts with a frequency of 100 Hz. This results
in short-term peak voltages at the cathode to rise to 1 volt. However, the majority of the time the
cathode experiences voltages above the dissociation voltage of the water solvent of about 1.5

volts and thus loads hydrogen into the electrode.

[0031] Referring now to FIG. 2, deloading can occur when the AC component adds to
the DC in such a way to raise it above zero potential. The anode potential is taken as ground or 0
potential. The primary loading occurs during the time the DC component is at a more negative
potential. There is a greater current flow when the cathode is at its more negative potentials. In

the embodiment illustrated in FIG. 2, the two DC supplies are two DC-DC Adjustable Power
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Supply Output Step-down Module 6.5V-60V to 1.25-30V 10A UPC 741870439544. Their
purpose is to supply a DC bias to the cathode for loading of hydrogen into the electrode. To that
end, it is important that voltages in excess of the dissociation of the solvent (i.e. water) be
developed between the two electrodes. For water-basedsolvents, this is around 1.2 to 1.5V
dependent on pressures, electrolyte concentration, isotopic makeup, and temperatures. The two
currents are wired to a double pole double throw relay (in one embodiment this was an Enclosed
Power Relay,8 Pin,24VDC, DPDT SCHNEIDER ELECTRIC 92S11D22D-24D). The relay was
cycled by a repeating unit 12V DC Multifunction Self-lock Relay PLC Cycle Timer Module
Delay Time Switch UPC 714046658482 .1Its function is to activate the relay to cycle between the
two DC power supplies. One of ordinary skill in the art would appreciate that any suitable DC

supply, controller, and relay may be used in the present invention.

[0032] Referring now to FIG. 3, a general conception of the AC/-DC mixing according to
an embodiment of the present invention is shown. It is shown as component units with discrete
purposes. The parts’ purpose is to supply a cycled DC voltage in a repetitive low- high cycle. It
should be obvious by those skilled in the art of electrical engineering that many circuit designs
can be employed for the same purpose. For example, a single programmable DC supply could
replace the unit or a computer controlled DC supply. Alternatively, a dedicated AC generator
which can provide DC Fourier components could be used. However, the separate components of

the figure illustrates one embodiment the desired DC part of the input power can be obtained.

[0033] As mentioned elsewhere, one supply should be set so that there is net hydrogen-
mediated current into the electrode and it should also have a voltage setting so the hydrogen can
be dissociated in the solvent. The output of the stepped DC part of the system 303 is then

directed to an AC/DC mixing unit 304 for the purpose of adding the two components for supply

9
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to the electrodes within the electrochemical system.

[0034] Referring now to FIG. 4, a voltage vs. time output from the stepped DC portion of
the system is shown. The duty cycle provides for the greater potential difference, and hence
greater electrochemical current, for longer times than the lesser potential difference between
electrodes. Thus, greater time is spent at the larger negative values for the purpose of providing

hydrogen to the cathode.

[0035] The AC may be supplied by any suitable AC supply 305, for example, a HIGH
PRECISION Audio Signal Generator 1Hz-1MHz with Sine Triangle Square outputs, UPC
0713893274877 or the like. It should be noted that other frequencies may be used, however,
frequencies between 1Hz and 100kHz have been observed to be adequate for most applications.
The primary factor in setting frequencies is the electrochemical double layer capacitance at the
cathode. It is preferred that the expected frequencies range of the specific cell be determined by a
method common within the art of electrochemical impedance spectroscopy. That is the primary
AC frequency applied should allow for the greatest current flow into the cathode. The output of

the AC or functional form device is fed via a current sensor into the AC/DC mixer 304.

[0036] In yet another embodiment, the frequency of the AC component 305 may be
dynamically adjusted. A current sensor may indicate the absorption of the AC by the
electrochemical cell. This, in turn, may signal the transport of the ionic species into, through, and
out of the electrochemical double layer and eventually the movement of the hydrogen at the
surface or near the surface of the cathode. The AC current sensor may relay the information to a
frequency controller whose role is to keep the AC frequency center near the area of maximum

AC absorption. Thus it assures a large movement of the hydrogen at the surface and near the

10
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surface of the cathode. It is conjectured that this keeps the surface clean and diffusion pathways
open. It also shuttles ions through the double layer from the solvent. However, since the cathode
experiences outflow of some hydrogen for only short limited times there is net loading of the

cathode. It is envisioned that the entire AC part of the system could comprise a single electronic

unit.

[0037] Referring now to FIG. 5, a typical AC output using a simple sine form is shown.
Other functional forms are contemplated in the present invention.

[0038] In yet another embodiment, the DC component and the AC component of the
electrolytic current may be mixed with a DC bias. For enhanced loading of the electrode, the AC
or other functional form and the stepped DC current need to be mixed while retaining the DC
bias of the output. The goal is to enhance loading by allowing the AC to assist transport through
the double layer while fluxing into and out of the metal surface. The DC bias gives a net influx
of ions and other species into the cathode. Thus the combination has greater utility than either
method alone and greater utility than one following later in time by the other. This synergistic
combination is important for the performance of the method and device described herein.

[0039] A large number of DC bias AC mixing circuits are known within the art. A
typical embodiment is a simple bias Tee circuit designed to pass the AC through a capacitor and
the DC through an inductor while blocking the reflection back into the supplies.

[0040] Such circuits are well known and component sizes should be selected based on
the expected frequency ranges. In one embodiment, the bias tee mixer was constructed using a
series of 10mH inductors and a parallel circuit of Metallized Polyester Film 22mF Capacitors.
[0041] Referring again to FIG. 1, in yet another embodiment, the method may further

comprise performing an initial loading 20. The initial loading may comprise applying an initial

11
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electrolytic current to the cathode, the initial electrolytic current may include an initial DC
component, wherein the initial DC component may include cycling between: a third voltage
applied to the cathode for a third period of time, a fourth voltage applied to the cathode for a
fourth period of time, wherein the fourth voltage is higher than the third voltage, wherein the
third period of time and the fourth period of time are approximately the same, and wherein the
third voltage is lower than the first voltage and the fourth voltage is lower than the second
voltage. The initial electrolytic current may further include an AC component with a frequency
between about 1Hz and about 100kHz.

[0042] It is preferred that the initial loading of the electrode is conducted at lower
temperatures such as below room temperature and that the initial loading is first to be done with
low currents and voltages and with the high low DC component duty cycle be near 50%. After 1
hour, the currents can be raised and the duty cycle reduced. This is thought to provide a more
gradual loading and avoid some volume expansion distortions due to unequal loading. Once the
electrode has been initial loaded and conditioned above 0.6 H/Pd atomic ratios, it can be later be
loaded more quickly. Additionally, the duty cycle may be set to 0% after the initial loading
protocols and a simple flat DC voltage biased AC can be used with care taken so that the average
potential is favorable to retaining loading.

[0043] In yet another embodiment, the method may further comprise sealing the

electrochemical reaction vessel.

[0044] In yet another embodiment, the method may further include flushing the
electrochemical reaction vessel with a reductive gas prior to sealing the electrochemical reaction

vessel.

[0045] In most electrochemical systems, gases are released during operation. Such cells

12
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are termed “open” when the system is open for gas exchange to and from the environment and
termed “closed” when sealed against such exchanges or have methods to control such exchanges.
[0046] In systems designed for hydrogen loading into electrodes, the gas is retained by
the electrode and a companion gas such as oxygen from electrolysis is released into the system.
This often results in the accumulation of so-called “orphaned oxygen” since there is not enough
free hydrogen or reductive species to react with the free oxygen. This is usually detrimental to
most thermal energy studies and devices. To that end, it is preferred to first run the system be
conducted open or vented to the atmosphere so the orphaned oxygen can leave during the initial
loading stages and then be closed later to limit contamination and conserve the electrolyte. In
one embodiment this is accomplished by first loading a Pd based cathode run with amp-secs in
excess of the time calculated amount that would be required from an estimate based on Faraday's
laws of electrolysis of hydrogen needed to fully load the amount of Pd used in said system. In
many embodiments, runs were run open longer than ten times the estimated time calculated by
Faraday’s law. After such time, the cell was sealed or pressure monitored for controlled release
or for overpressures leading to higher operating pressures and temperatures. In one embodiment,
Pd on Al,O3 recombination catalyst was used with a cell that was first run open for 4 days and
then closed.

[0047] The initial running systems open before closing also allows for volatiles to be
removed from the solution. This is especially important when trying to load with deuterium
from heavy water solutions. Since deuterium oxide (i.e. heavy water) is hygroscopic, solutions
often are supplied or become contaminated with the lighter isotope of hydrogen. Light hydrogen
is more quickly evolved than the deuterium isotope of hydrogen in electrolytic systems due to its

lower voltage required for dissociation. Running open at low voltages and currents preferentially
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remove the lighter isotope.

[0048] One alternative is to flush the gas out of the cell with a reductive species such as
hydrogen and then sealed so that any orphaned oxygen will have enough hydrogen to react and
be sequestered in the form of water.

[0049] In yet another embodiment, the method may further include applying a magnetic
field to the electrochemical reaction vessel. In many thermally active electrochemical systems,
the magnetic fields are applied for either study of the processes or for adjusting internal spin
based reactions. This is especially useful when paramagnetic or ferromagnetic materials are used
for one or more electrodes. Hence, in one embodiment, a disc magnet (N42 2x1/2 Inch Rare
Earth Neodymium Disc Magnet from Magnets4Less) was placed beneath the reactive chamber
and a second ring magnet (3 ODx 2 IDx 1/2 Inch Rare Earth Neodymium Ring Magnet Grade
N42 from Magnets4Less). This supplied a field of 300 gauss in the region occupied by the
central electrode.

[0050] In yet another embodiment, the cathode may be comprised of at least one of

palladium or a palladium alloy.

[0051] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 0.1 cm’/cm?/s.

[0052] In yet another embodiment, the cathode may have a hydrogen diffusion rate

greater than about 1.4 cm’/cm?/s.

[0053] It is recommended that care is performed in selecting metal electrodes for loading
of hydrogen. The material should have a hydrogen diffusion rate greater than 0.1 cm?*/cm?/s and

with rates greater than 1.4 cm’/cm’/s.
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[0054] The function of the reaction vessel is to provide a relatively inert and structurally
stable container for the electrochemical reaction. Such vessels are known to those skilled in the
art of chemistry. In one embodiment a Glass Proglass 250mL Flask fitted with 24/40, 14/20 Two
Necks lid and sealed with an Easy Open PTFE Clamp. The central 24/40 neck of the lid is suited
to mount a Graham condenser for returning steam from the system back into the vessel. The
14/20 side neck is suited for passing the electrical connections to the electrodes and sensors. One
of ordinary skill in the art would understand any other suitable reaction vessel known in the art
may be used in the present invention.

[0055] In one embodiment, the electrochemical reaction vessel was partially filled with
100 ml of an LiOD 0.1M heavy water based solution. A Pt coated Ti mesh electrode was used as
the anode and the cathode was selected as discussed below. The chemical reflux condenser
assembly was insulated with vermiculite and cooling water at 30C was passed down through the
condenser (common counter-flow systems in chemistry). This allowed the system to run at
boiling temperatures for extended times. This was slightly above 92 C due to the altitude of the

inventor’s laboratory.

[0056] In yet another embodiment, the solvent may be LiOH.
[0057] In yet another embodiment, the solvent may be LiOD.
[0058] Referring now to FIG. 6, in another embodiment, a system for electrolytic loading

of hydrogen 600 into a cathode 604 may comprise an electrochemical reaction vessel 606 filled
with a solvent, a cathode 604 and an anode 605 disposed within the electrochemical reaction
vessel 606, and an electrolytic current source 603 connected to the cathode 604. The electrolytic
current may comprise a DC component 602, wherein the DC component 602 may cycle between

a first voltage applied to the cathode 604 for a first period of time, and a second voltage applied
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to the cathode 604 for a second period of time, wherein the second voltage may be higher than
the first voltage, and wherein the second period of time may be shorter than the first period of
time. The electrolytic current may further comprise an AC component 601 with a frequency
between about 1Hz and about 100kHz. The peak sum of the voltages supplied by the DC
component 602 and AC component 601 may be higher than the dissociation voltage of the

solvent.

[0059] One of ordinary skill in the art will appreciate the system may be used in a
manner consistent with the electrolytic methods of loading hydrogen into a cathode as described

above and in the example herein.

[0060] EXAMPLE 1

[0061] The increase loading rate and maximum loading ratios of Hydrogen species into
metals is useful in a wide range of utilities. For example, in studies of hydrogen storage
materials, hydrogen embrittlement studies, measurements of circuit’s resistance and inductance,
and even in areas where isotopic hydrogen is studied for thermal release or for tritium storage.
To verify the utility of the method, a series of experiments were conducted to compare loading
rates by the electrochemical method described herein and with traditional loading for simple DC

electrolysis.

[0062] Resistance versus time measurements of a palladium wire were made to judge
loading rates. Such resistance changes need to be well studied for the case of hydrogen being
loading electrochemically into Palladium. For example, FIG.9 shows how the loaded resistance
of Palladium is altered as natural hydrogen is loaded into it. The relative resistance, R/Ry (i.e.

loaded resistance divided by preloaded resistance), increases by a factor of approximately 1.8 as
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the H to Pd atomic ratio reaches 0.65 at room temperatures and standard atmospheric pressures.
Such increase can also be seen, as in FIG. 10, for the deuterium isotope of hydrogen. Thus the
rate of change of resistance upon loading can be used to evaluate the loading rate and levels.
Also when both samples are from the same original wire length, operated under the same

environmental conditions, and same amp-seconds of electrolysis, a comparison can be made.

[0063] In one embodiment, two 1 foot 95% Pd 5% Ru 28 gauge (AGW) wires were cut
from a single piece and were loaded by the two methods described herein for comparison. This
was done simply by lowering a loop of each wire into a 0.1M LiOH solution which also
contained a platinized Ti mesh electrode commonly used for Pd and Rh electroplating. The
resistance of each wire was monitored with respect to time. The resistance was measured by an
EXTECH 380560 PRECISION MILLIOHM METER via conventional four wire Kelvin clips
placed on the wire ends just above the surface of the solution. The clips were adjusted so the two
wires had the same initial resistance of 0.971 ohms. The two wires were run at the same RMS
average power levels as measured with a Valhalla Scientific 2100 Digital Power Analyzer. One
was run at constant DC current and one at a high DC voltage of 5 volts and a low of 1.75 volts
and an AC sine wave at 100Hz with an amplitude of 3.5 volts peak to peak. The switching

between the DC values was set at 5 minutes with a 20% duty cycle.

[0064] Resistance data was taken each half hour while the wires loaded and the relative

resistance (instantaneous resistance divided by the initial resistance) plot in FIG. 11.

[0065] The resistance maximum was reached at 14.5 hours and indicates a loading of
about 0.75 D/Pd ratio. The turn down in the resistance past that time shows continued loading as

the phase of the Pd begins to change.
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[0066] The average rate over the 18 hour run of the competing loading ratios shows that
the method described herein is 1.47 higher than DC current alone for the first 18 hours. Itis also
worth noting that the ultimate loading ratio achieved by this method is higher than the DC alone.
For example, after 10 hours, the DC alone loading only achieved a R/R level of 1.3 while the

method of this invention achieved a level of over 1.5.

[0067] The resistance was used to calculate the loading ratios during an eighteen hour

run and is given in FIG. 12.

[0068] The above description and drawings are illustrative and are not to be construed as
limiting the invention to the precise forms disclosed. Persons skilled in the relevant art can
appreciate that many modifications and variations are possible in light of the above disclosure.
Numerous specific details are described to provide a thorough understanding of the disclosure.
However, in certain instances, well-known or conventional details are not described in order to
avoid obscuring the description.

[0069] Reference in this specification to "one embodiment” or "an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the disclosure. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment, nor are separate or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described which may be exhibited by some
embodiments and not by others. Similarly, various requirements are described which may be
requirements for some embodiments but not other embodiments.

[0070] Unless the context clearly requires otherwise, throughout the description and the

claims, the words "comprise," "comprising," and the like are to be construed in an inclusive
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sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including,

but not limited to." As used herein, the terms "connected," "coupled," or any variant thereof,
means any connection or coupling, either direct or indirect, between two or more elements; the
coupling of connection between the elements can be physical, logical, or any combination

thereof. Additionally, the words "herein,” "above,” "below," and words of similar import, when
used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the above Detailed Description
using the singular or plural number may also include the plural or singular number respectively.
The word "or," in reference to a list of two or more items, covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0071] The teachings of the disclosure provided herein can be applied to other systems,
not necessarily the system described above. The elements and acts of the various embodiments
described above can be combined to provide further embodiments.

[0072] These and other changes can be made to the disclosure in light of the above
Detailed Description. While the above description describes certain embodiments of the
disclosure, and describes the best mode contemplated, no matter how detailed the above appears
in text, the teachings can be practiced in many ways. Details of the system may vary
considerably in its implementation details, while still being encompassed by the subject matter
disclosed herein. As noted above, particular terminology used when describing certain features
or aspects of the disclosure should not be taken to imply that the terminology is being redefined

herein to be restricted to any specific characteristics, features, or aspects of the disclosure with

which that terminology is associated. In general, the terms used in the following claims should
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not be construed to limit the disclosure to the specific embodiments disclosed in the
specification, unless the above Detailed Description section explicitly defines such terms.
Accordingly, the actual scope of the disclosure encompasses not only the disclosed
embodiments, but also all equivalent ways of practicing or implementing the disclosure under the
claims.

[0073] The terms used in this specification generally have their ordinary meanings in the
art, within the context of the disclosure, and in the specific context where each term is used.
Certain terms that are used to describe the disclosure are discussed above, or elsewhere in the
specification, to provide additional guidance to the practitioner regarding the description of the
disclosure. For convenience, certain terms may be highlighted, for example using capitalization,
italics and/or quotation marks. The use of highlighting has no influence on the scope and
meaning of a term; the scope and meaning of a term is the same, in the same context, whether or
not it is highlighted. It will be appreciated that same element can be described in more than one
way.

[0074] Consequently, alternative language and synonyms may be used for any one or
more of the terms discussed herein, nor is any special significance to be placed upon whether or
not a term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital
of one or more synonyms does not exclude the use of other synonyms. The use of examples
anywhere in this specification including examples of any terms discussed herein is illustrative
only, and is not intended to further limit the scope and meaning of the disclosure or of any
exemplified term. Likewise, the disclosure is not limited to various embodiments given in this
specification.

[0075] Without intent to further limit the scope of the disclosure, examples of
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instruments, apparatus, methods and their related results according to the embodiments of the
present disclosure are given below. Note that titles or subtitles may be used in the examples for
convenience of a reader, which in no way should limit the scope of the disclosure. Unless
otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure pertains. In the
case of conflict, the present document, including definitions will control.

[0076] Some portions of this description describe the embodiments of the invention in
terms of algorithms and symbolic representations of operations on information. These
algorithmic descriptions and representations are commonly used by those skilled in the data
processing arts to convey the substance of their work effectively to others skilled in the art.
These operations, while described functionally, computationally, or logically, are understood to
be implemented by computer programs or equivalent electrical circuits, microcode, or the like.
Furthermore, it has also proven convenient at times, to refer to these arrangements of operations
as modules, without loss of generality. The described operations and their associated modules
may be embodied in software, firmware, hardware, or any combinations thereof.

[0077] Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the invention
be limited not by this detailed description, but rather by any claims that issue on an application
based hereon. Accordingly, the disclosure of the embodiments of the invention is intended to be
illustrative, but not limiting, of the scope of the invention, which is set forth in the following
claims.

[0078] Unless defined otherwise, all technical and scientific terms used herein have the

21



Atty Ref: 438/98 UTIL

same meaning as commonly understood to one of ordinary skill in the art to which the presently
disclosed subject matter pertains. Although any methods, devices, and materials similar or
equivalent to those described herein can be used in the practice or testing of the presently
disclosed subject matter, representative methods, devices, and materials are now described.
[0079] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in the subject specification, including the claims. Thus, for
example reference to “an additive” can include a plurality of such additives, and so forth.
[0080] Unless otherwise indicated, all numbers expressing quantities of components,
conditions, and so forth used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the instant specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained by the
presently disclosed subject matter.

[0081] As used herein, the term “about”, when referring to a value or to an amount of
mass, weight, time, volume, concentration, and/or percentage can encompass variations of, in
some embodiments +/-20%, in some embodiments, +/-10%, in some embodiments +/- 5%, in
some embodiments +/-1%, in some embodiments +/-0.5%, and in some embodiments, +/-0.1%,
from the specified amount, as such variations are appropriate in the disclosed products and

methods.
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DECLARATION AND ASSIGNMENT OF RIGHTS

As a below named inventor (hereinafter designated as the undersigned or the Assignor, where

appropriate), I hereby declare that:

The application is as identified by the attorney docket number, title, Filing Date, or Application
Title as set forth in the following Table 1.

The application in Table I was made or authorized to be made by me.

I believe that I am the original inventor or an original joint inventor of a claimed invention in the
applications in Table 1.

The undersigned hereby acknowledges that any willful false statement made in this declaration is

punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or both.

WHEREAS, the undersigned, Dennis Cravens, (hereinafter ““Assignor”) has/have invented

certain new and useful improvements described in the application(s) identified in Table L.

AND, WHEREAS, Industrial Heat, LL.C, having a place of business at 310 West Street, Suite
100, Raleigh, North Carolina 27603 (hereinafter “Assignee”), has already acquired an interest in the
application(s) identified in Table I by and through an employment or other agreement between Assignor
and Assignee. I further authorize an agent of the Assignee to insert the filing date, application number,

and any other identifying particulars as required for perfecting these assignment papers.

However, in the avoidance of doubt and as confirmation of the already acquired interest by
Assignee, NOW, THEREFORE, To Whom It May Concern, be it known that for good and valuable
consideration, the receipt and sufficiency of which are hereby acknowledged, Assignor has assigned and
by these presents does hereby sell, assign, transfer, and convey unto the Assignee, its successors and
assigns, his entire right, title, and interest in and to the invention and application, including the right to
sue for past infringements and any other prior occurring rights, provided any such rights exist, and in and
to any and all domestic and foreign patent applications filed on the invention, and in and to any and all
continuations, continuations-in-part, or divisions thereof, and in and to any and all Letters Patent of the
United States of America, and all foreign countries or reissues thereof which may be granted therefor or
thereon, for the full end of the term for which said Letters Patent may be granted, together with his right
to claim the priority of said application in all foreign countries in accordance with the International

Convention, the same to be held and enjoyed by said Assignee, its successors and assigns, as fully and
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entirely as the same would have been held and enjoyed by Assignor if this assignment and sale had not
been made. Assignor further assigns to Assignee the right to claim entitlement and/or priority to any
applications that entitlement or priority may be claimed for this or any later filed application, including
the assignment of any provisionals or other priority documents to which the inventions claim priority to.
The assignment of the right to claim entitlement and/or priority is executed nunc pro tunc and is
considered effective as of the filing date of the earliest application to which priority and/or entitlement is

claimed.
Assignor hereby requests that said Letters Patent be issued in accordance with this assignment.

Assignor further covenants and agrees that, at the time of the execution and delivery of these
presents, Assignor possesses full title to the invention and application above-mentioned, and that he has

the unencumbered right and authority to make this assignment.

Assignor further covenants and agrees, and likewise binds his heirs, legal representatives and
assigns, to promptly communicate to said Assignee or its representatives any facts known to him relating
to said invention, to testify in any interference or legal proceedings involving said invention, to execute
any additional papers which may be requested to confirm the right of the Assignee, its representatives,
successors and assigns to secure patent or similar protection for the said invention in all countries and to
vest in the Assignee complete title to the said invention and Letters Patent, without further compensation,

but at the expense of said Assignee, its successors, assigns and other legal representatives.

<LLLLLLKL TABLE I and Signature Page follows >>>>
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