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(57) Abstract: An clectrocatalyst electrode having a strut lattice structure fabricated of a polymer and a composite disposed on the
strut lattice structure that includes at least one transition metal oxide, which may include copper oxide, cobalt oxide, or nickel oxide.
The composite and the strut lattice structure are 3D and free-standing. The electrocatalyst electrode includes one or more pores that
are vertically aligned to form channels and to facilitate bubble release. The composite is used for alkaline hydrogen evolution reaction
(HER) and oxygen evolution reaction (OER).
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A. CLASSIFICATION OF SUBJECT MATTER

IPC - INV.C258 11/069; C25B 1/04; C25B 11/03; GO1N 27/30 (2024.01)
ADD. C258 9/17 (2024.01)

CPC - |NV. C25B 11/069; C25B 1/04; C25B 11/03; GOTN 27/30

ADD. C25B 9/17
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)
See Search History document

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

Electronic database consulted during the international search (pame of database and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y Huddy et al. "Transforming 3D-printed mesostructures into multimodal sensors with nanoscale | 1-9

-—- conductive metal oxides' Cellpressw; Article [online]. 16 September 2022 [retrieved 24 —

A September 2024)). retrieved from the Internet: 10-11
hitps:/iwww.sciencedirect.com/science/article/pii/S2666386422000534

Y US 2019/0103600 A1 (CALIFORNIA INSTITUTE OF TECHNOLOGY) 04 April 2019; Abstract, | 1-9

- Paragraphs [0096], [0262] -

A 10-11

Y US 2010/0116649 A1 (MAEKAWA, ET AL) 13 May 2010; Paragraph [0240] 6

Y US 2022/0056600 A1 (LNL - INTERNATIONAL IBERIAN NANOTECHNOLOGY 9

- LABORATORY et al.) 24 February 2022; Paragraphs [0029], [0070] -

A 10-11

A US 2018/0280144 A1 (HD LIFESCIENCES LLC (WOBURN US)) 04 October 2018; Paragraphs | 1-11

[0056]-[0057], [0154]

|:| Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

E ?izllfrlgii z;t)gllcatlon or patent but published on or after the international when the document is taken alone
“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 publication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” documentreferringto an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  “&” document member of the same patent family

the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
25 September 2024 (25.09.2024 . -
eptomber 2024 ) nEC 05 2024
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2024/033807

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

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

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

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

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

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

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

-***_Please See Supplemental Page-***-

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

O

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

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

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

1-1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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k.

-Continued From Box No. [ll: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group [: Claims 1-11 are directed toward an electrocatalyst electrode.
Group lli: Claims 12-20 are directed toward a method.

The special technical features of Group | include at least a composite disposed on the strut lattice structure that includes at least one
transition metal oxide, wherein the composite and the strut lattice structure are 3D and free-standing.

The special technical features of Group Il include at least stereolithography 3D printing a free-standing strut lattice structure with a
periodic pore structure; infusing the strut lattice structure with a metal salt by soaking the strut lattice structure in a concentrated solution
of the metal salt dissolved in water; and annealing the strut lattice structure at a temperature from 400 °C to 700 °C.

The common technical features shared by Groups | & Il are 3D printing a free-standing strut lattice structure; wherein the strut lattice
structure is fabricated of a polymer. However, these common features are previously disclosed by US 2018/0280144 A1 to HD
LifeSciences LLC. (hereinafter "HD"). HD discloses 3D printing a free-standing strut lattice structure (3d printing scaffolding for formation
of a lattice with struts of unit cells; [0056-0057]); wherein the strut lattice structure is fabricated of a polymer (lattice is comprised of
polyether ether ketone, a commonly used polymer; [0154]).

Since the common technical features are previously disclosed by the HD reference, these common features are not special and so
Groups |-l lack unity.
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