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INTERNATIONAL SEARCH REPORT Internaticnal application No.

PCTUS2022/018913

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - INV.-HO1M 8/1097; HO1M 8/1213; HO1M &/22; HO1M 8/24 (2022.01)
ADD.

CPC - INV.-HO1M 8/1087;, HO1M 8/1213; HO1M 8/22; HO1M 8/24; HO1M 8/006 (2022.08)

ADD. - HO1M 2008/1293 (2022.08})

According 1o International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minitnum decumentation searched {ctassification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documenis are included in the fields searched
See Search Histary document

Electranic data base consulted during the international search (name of data base and, where praciicable, search terms used)
Sae Search History document

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to ciaim No,
X | GB 2 422 479 A (CERES POWER LIMITED} 26 July 2006 (26.07.2008) entire document 1, &5, 8, 11,12
Y 26,7810
Y US 2018/0312886 A1 (MASSACHUSETTS INSTITUTE OF TECHNOLOGY et al) 01 November |2
2018 (01.11.2018) entira documant

Y JP 2004-362913 A (NISSAN MOTOR CO L.TD) 24 December 2004 (24.12.2004) ses maching | B

= |translation and criginal

Y US 2019/0229352 A1 (FRECISION COMBUSTION INC) 25 July 2019 {26.07.2019} entire 7.9,10
document

E, X WO 2022/216387 A2 [PRECISION COMBUSTICON INC} 13 October 2022 (13.10.2022) entire | 1-12
document .

E.A WO 2022192081 A1 (PRECISION COMBUSTION INC) 15 September 2022 (15.09.2022) 1-12
entire document

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of eited documents: “T*  later document published aftet the international filing date or priority

war

document defining the peneral state of the art which is net considered
to be of particuiar relevance

the priority date claimed

date and not in conflict with the application bul cited to understand
1he principle or theory underlying the inventicn

“D" document cited by the applicant in the intemnational application “X" dogument of particular relevance; lhe claimed invention cannol be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the documenl is taken zlone

“L" document which may throw doubts on priority claim(s) or which “Y™ document of particular relevance: the claimed invention cannot
is cited to establish the g:ubhcatlon date of another citation ar other be considersd to involve an inventive step when the document is
special reason (as specified) combined with one cr mare other such documents, such combination

“0”  document referring to anoral disclosure, use, exhibition or other means being ohvious to a person skilled in the art

“P""  document published prior to the international filing date but later than  "&™  document member of ihe sarne patent family

Date of the actual completion of the international search

04 Movember 2022

Date of mailing of the intermational search report

NOV 22 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O, Box 1450, Alexandria, VA 22313-1450

Facsimile Ne. 571-273-8300

Authorized officer

Taina Matos

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 {second sheet) (July 2019)

10

20

30

40

50



17) JP 2024-512421 A 2024.3.19

INTERNATIONAL SEARCH REPORT International application No,

PCT/US2022/018913

Box No. 11 Observations where certain claims were found unscarchable (Continuation of item 2 of first sheet)

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

L [:_I Claims Nos.:

because they relate to subject matter nol required to be searched by this Autharity, namely:

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

3. D Claims Nos.:

because they are dependent claims and are not drafied in aceordance with the second and third seniences of Rule 6.4{a).

BoxNo. [IT  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this internatioral application, as follows:
See axtra sheot(s).

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

2. D As all searchable claims could be searehed without effort justifying additional fees, this Authority did not invite payment of
additienal fees. '

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

4, m No required additional search fees were timely paid by the applicent, Consequently, this international seazch report is restricted
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US2022/018%13

Continued from Box No. Il Observations where unlty of invention is lacking

This application contalns the following inventians er groups of inventions which are not so linked as to form a single ganeral inventive
concept under PCT Rule 13.1. In arder for all inventions to be examined, the approprlate additional examination fees must be paid.

Group |, claims 1-12 are drawn te backbone-structured metal-supported electrochemical cells comprising a layered configuration of the
following componenis: {a) an axygen electrade, (b) an alactrolyte, (6) a fuel electrode, and (d) a porous metal substrate, and
electrochemical cells thereof,

Group |, clafms 13-21 are drawn to reinforced porous metal substrates for use in an electrochemical cell,

Group |ll, claims 22-27 are drawn to methods of making a reinforced porous metal subsirates comprising: &) screen printing a matai
reinforcement ink along at least a portion of a perimeter of ona side of a layer of a porous metal substrate.

Group 1V, claims 28-33 are drawn to methods of making a reinforcad porous metal substrates comprising: (a) obtaining a green metal
sheet comprising substrate metal particles and a pore former; and (b) hot prassing the green relnforcement member onto at least a
pattion of a perimeter of one side of the green metal sheet ko form a laminated structure.

The inventions listed as Groups I-V do not relate to a single general inventive concept under PCT Rule 13,1 because, under PCT Ruls
13,2, they lack the same or corraaponding special technical featuras for the following reasons:

The speclal technical faatures of Group |, backbone-structured metal-supparted electrachemical cells comprising a layered configuration
of the following components: {a) an oxygen electrods, (b) an electrolyte, {¢) a fuel electrode, and {d) a parous metal substrate, and
electrochemical calls thereof, are not present in Groups 11-IV; the special techrical features of Group [, relnforced porous metal
subsltrates far use in an electrochemical cell, are not present in Groups | and lll-4Y.; the special technical features of Group |If, methods
of making a reinforced porous metal substrates comprlsing: a} sareen printing a matal relnforcement ink along at least a portion of a
perimeter of one side of a layer of a porous metal substrate, are not present in Groups |-l and [V; the special technical faatures of Group
IV, methads of making a reinforcad porous metal substrates comprising: {a} obtaining a green metal sheet comprising substrata matal
particles and a pore former; and (b) hot pressing the grean reinforcement member onto at least a portion of a perimeter of one side of
the green metal shest to form a laminated structure, 2re not present in Groups Il

Additionally, even if Groups i1V were considered to share the technical features of an electrochemical cell; d) a porous metal substrate
disposed in a layer defining a first side and a second side and having a porosity ranging from 20 velums percent to 50 volume percent;
and (e) a densifiad metal reinforcament member disposed along at least a portion of a perimeter of the secand side of the poraus metal
substrate; and a method of making a reinforced porous metal substrate comnprising: the reinforced porous metal substrate configured as
a layer defining a first side and a second side and having a porosity ranging from 20 to 50 volume percent, these shared technical
features do not represent a contribution over the prior art as dlsclosed by GB 2 422 479 A to Cares Power Limited (hereinafter, “Cares™).

Cares teaches an electrochemical cell (tife, electrochemical cell; abstract, fusl cell); d) a poroua metal substrate (abstract, a coarsely
porous support and a hon-poreus frame housing the coarsely porous support) disposed in a layar defining a first side and a second side
and having a poresity ranging from 20 volume percent to 50 volume percent (page 5, third paragraph, the cearsely porous suppart Is an
expanded fait having a thickness, i.e., a layer defining a first slde and a second sids, ... the open area provided by the aperiures Is from
about 30% to 70% of the tota) area of the porous support); and (&) a densified metal reinforcement member disposed along at least a
portion of a perimeter of the second side of the porous metal substrate (absiract, a coarsely perous support and a non-perous frame
housing the coarsely porous support; page 5, second paragraph, the coarsely porous stupport Is shaped so that it fits with the
correspanding non-porous frame and can be physically bonded along its pariphery ta the non-porous stainless steal frame); and a
method of making a reinforced porous metal subsirate (tille, electrochemical cell substrate ané methad for fabricating the same;
abstract; a coarsely porous support and a non-porous frame housing, i.e., reinforced, the coarsely porous suppert; paga 5, sacond
paragraph, tha coarssly porous support is shaped so that it fits with the corresponding ren-porous frame and can ba physically bonded
along its periphery to the non-porous stainless stesl frams) comprising: the reinforced porous metal substrate configured as a layer
defining a first side and a second side and having a porosity ranging from 20 to 50 volume percenl (zhstract, a coarsely porous support
and a non-porous frame housing the coaraely porous support; page 21, first paragraph, The frame had an intemal dimension of 10 mm x
10 mm and an external dimension of 30 mm x 30 mm. A wovan mash of a 430 stalnless steel wire was cut to fit into, the stainless stesl
frame; page 5, third paragraph, the coarsely porous support... the open area provided by the apertures is from about 230% to 70% of the
total area of the porous suppor),

The inventions listed in Groups -1V therefore lack unity under Rule 13 bacause thay da not share a same or comesponding epecal
technical feature.
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