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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 20/48142

Box No. I Observations where certain claims were found unsearchable {Continuation of item 2 of Rirst sheet)

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

1. E] Claims Nos.:
because they relate to subject matier 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 drafled in accordance with the second and third sentences of Rule 6.4(2).

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

This International Searching Anthority found multiple inventions in this international application, as follows:
e - 58 SUPPleMental boXeseemss e —-

1. I:I 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 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 additicnal search fees were timely paid by the applicant. Conseq_uem!y, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Clalms 1-33

Remark on Protest I:l The additienal 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 specificd in the invitation,
‘:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 {continuation of first sheet (2)} (July 2019)
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INTERNATIONAL SEARCH REPORT Tntemational apphication No.

PCTIUS 20/49142

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  HO1M 10v48; HOTM 2/10; HOM 10/42 (2021.01)

CPC - HO1M 10/4257; HO1M 10/488; HO1M 50720

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Sea Search Higtory documant

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

Electronic data base consulted during the intemational search {name of data base 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.
X U-S 2014/287301 A1 (Sila Nanotechnologies) 25 September 2014 (25.09.2014) para [0011], 1-5, 7-11
—_ para [0061], para [0066), para [0068], para [0096], para [099]-[0102), para (0108], para [0112]- | ——-—--
Y [0113] 6,12-33
Y ;.(1)3722(;10!1331 10 A1 {Nocera et al.) 3 Juna 2010 (03.06.2010) para [J060], para [0063], para 6, 12-17
Y gis 30171’210981 A1 (Konica Minolta, Inc.) 27 July 2017 (27.07.2017) para [0D11], para [0026], (18-33

]
A US 2017/365853 A1 (Polyplus Battary Company) 21 December 2017 (21.12.2017) para [0091] |1
A US 2011/027456 A1 (Doye ot al.) 3 February 2011 (03.02.2011) para [0006), para [0034] 6, 12
A US 9,499,699 B1 (Sandia Corparation) 22 November 2016 (22.11.2016) col 2, In 45-46 6
A US 2010/277740 A1 (Hulteen et al.) 4 November 2010 (04.11.2010) para [0002], para {0035} 8
A US 2011/062452 A1 (Kyotanl et al.) 17 March 2011 (17.03.2011) para [0004] 18
A US 3,493,434 A (Goodking 3 February 1970 {03.02,1970) col 1, In 11-16 18

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

the priotity date claimed

*  Special categ of cited d “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 bus cited to understand
ta be of particular relevance the principle ot theory underlying the invention

“D"  document cited by the applicant in the international application X docun}entdof pm|1icular reli\;nnu;.éhe trzllain:ned invemi_on cannot be

o i icati H inter | idered novel or cannot be considerad to invelve an inventive step

‘E glialrl!ll;% :ﬂ)llcﬂtloﬂ or patent but published on or after the en the docuraent 15 taken alone

“L" document which may throw doubts on pricrity ciaim(s} or which “Y" dogument of particular relevance; the claimed invention cannot
is cited to establish 1{ ublication date of another citation or cther be considered to involve an inventive step when the document is
special reason (as specified}) combined with one or more ather such documents, such combination

“O"  document referring te an oral disclosure, use, exhibitionor other means being obvious ta a person skilled in the art

"B document published prior to the international fling date but later than  “&"  document member of the same patent family

Date of the actual complction of the international search

12 March 2021

Drate of mailing of the international search report

MAY 19 2021

Name and mailing address of the [SA/US

Mail Stop PCT, Attin; ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandda, Virginia 22313-1450

Faegintite No. 571-273-8300

Authorized officer

Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCTASA210 (second sheet) (July 2019)
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INTERNATIONAL SEARCH REPORT Tnteeational application No.

PCT/US 20/49142

Bx. Il {Lack of Unity}

This application contains the following Inventions or groups of inventions which are not s linked as to form a single general inventive
cancapt under PCT Rule 13.1. In order for all inventions to be searched, the appropriate addilional search fees must be paid.

Group I: Claims 1-33 is directed toward an electrode comprising: anadic ¢ore elaments comprising core material, the core material
having a cone material passivation interfaca size, a cora matarial intrinsic dissolution rate, and a core material hydrogen gvolution
reaction {HER) rate; and a conformal shell coating on an outar surface of the anodlc core elements forming cora/shell structures;
wharein the anodic core elements comprise a faature size smaller than the core material passivation interface size; whergin a dissclution
rate of the core matarial from the core/shell structures is less than the core matarial intrinsic dissolution rate; and wherein the HER rate
of the shell is less than the core material HER rate.

Group H: Claims 34-57 Is directed toward a rechargeable baltery system comprising: anodic core/shell structures comprising a Zn0 core
coated with a shell layer; an aqueous slaectrolyte; and a cathode.

The inventions listed as Groups I-l do not relate to a single general inventive concept under PCT Rule 13.1 because, they lack the same
ar corresponding special technical featuras for the following reasons:

Spacial Technlcal Featuras:

The invention of Group | Includes the special technical feature of an electrode comprising: anodic core elemants, the core matarial
having a core material passivation interface size, & care material intringic dissolution rate; and a core matarial hydrogen evolution
reaction (HER} rale; wherein the anodic core alements comprise a feature size smaller than the core material passivation interface size;
wherain a dissolution rate of the core material from tha core/shall structures Is less than the core material intrinsic dissolution rate; and
whoerain the HER rata of the shell is less than the core material HER rate, not required by Group 11

Tha invention of Group |l includes the spacial tachnical feature of a rechargeable battery system comprising: structures comprising a
Zn0 core; ah aqueous glectrolyte; and a cathods, not required by Group 1.

Sharad Tachnical Features:

The inventions of Groups |-l share the technical features of anodic corefshell structures comprising a core malterial coated with a shell
layar,

However, these shared tachnical features do not represent a contribution over prior art, because the shared technical featurs is baing
obvious over US 2014/267301 A1 to Sila Nanotechnologies (hereinafter “Sila"). Sila teaches an elactrode comprising: anodic core
elements {para (0011], A battery electrode composition is provided comprising anode and cathode electrodes and an electrolyte ionically
coupling the anode and the cathode. At lsast one of the elecirodes may comprise a plurality of active material particles provided 1o store
and releasa lona during battary operation; and para [0113), active material in the form of nanopariicles can be dispersed in the suitable
liquid; Nancparticles are core alements; see instant claim 18, the anodic core etements are nanoparticles) wherein the structures
comprise a care material coated with a shell layer (para [0011], the plurality of active material particles may comprise a conformal, metal
-ion permeabla coating; and para [0086], each of the example composite core-shell nanoparticles shown hera is generally composed of
a Li25 cora 1202 and a protective shell 1204 that is parmeabla to Li lons).

As the commeon features ware known in the art at the time of the invention, they cannot be considerad special tachnical features that
would otherwlise unify the groups.

Therefore, Groups I-1| lack unity under PCT Rule 13 because they do not share a same or corresponding special tachnical featurs.

Form PCT/ISA/210 (extra sheet) (July 2019}
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