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(57) Abstract: Integrated recycling method and processes including recycling spent catalyst to produce one or more water-soluble
metal salts and one or more water-insoluble tail byproducts, and recycling rechargeable batteries to produce one or more battery-grade
metals and one or more pure metallic byproducts, wherein the water insoluble tail byproduct is a feedstock in recycling the rechargeable
batteries, the impure metallic byproduct is a feedstock in recycling the spent catalyst, or both.
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Box No. I 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. D 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. I:‘ 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:
***see extra sheet***

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

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

3. I:I 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.:
1-11

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

|:| “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,

|:l No protest accompanied the payment of additional search fees.
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Continuation of Box |l (Observations where unity of invention is lacking)

This application contains the following inventions or groups of inventions which are not so linked astoforma single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I: Claims 1-11 are directed towards an integrated recycling method comprising: recycling spent catalyst selected residue
desulfurization catalyst (RDS), hydrodesulfurization catalyst (HDS), or both, to produce vanadium pentoxide, molybdenum trioxide, or
both, and an alumina tail byproduct; and recycling rechargeable batteries to produce one or more battery-grade metals and one or more
impure metallic byproducts, the one or more battery-grade metals selected from lithium carbonate, nickel sulfate, manganese sulfate, or
cobalt sulfate, and the one or more impure metallic byproducts selected from impure vanadium or impure molybdenum, wherein the
alumina tail byproduct is a feedstock in recycling the rechargeable batteries and the impure metallic byproduct is a feedstock in recycling
the spent catalyst.

Group II: Claims 12-15 are directed towards a rechargeable battery recycling process comprising: processing a combination of black
mass and a nickel-cobalt alloy through a nickel-cobalt recovery circuit of a hydrometallurgical process to recover one or more first
battery grade metals; processing the combination of black mass and nickel-cobalt alloy through a lithium recovery circuit of the
hydrometallurgical process to recover one or more second battery grade metals, wherein the nickel-cobalt recovery circuit and the
lithium recovery circuit share an initial integrated step wherein lithium is pre-leached.

Group lli: Claims 16-18 are directed towards a spent catalyst recycling process comprising: pretreating a spent catalyst to form a
pretreated spent catalyst; blending the pretreated spent catalyst with sodium carbonate to form a blend; calcining the blend to form a
calcine including one or more water-soluble metals; leaching the calcine to form an overflow including a strong solution including the one
or more water-soluble metals and an underflow including the one or more insoluble metallic tail byproducts; treating the strong solution
with one or more precipitating agents to remove impurities to from a purified strong solution; and recovering one or more water-soluble
metal oxides from the purified strong solution via a vanadium recovery circuit, a molybdenum recovery circuit, or both,

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

Special Technical Features:

Group | requires an integrated recycling method comprising: recycling spent catalyst selected residue desulfurization catalyst (RDS),
hydrodesulfurization catalyst (HDS), or both, to produce vanadium pentoxide, molybdenum trioxide, or both, and an alumina tail
byproduct; and recycling rechargeable batteries to produce one or more battery-grade metals and one or more impure metallic
byproducts, the one or more battery-grade metals selected from lithium carbonate, nickel sulfate, manganese sulfate, or cobalt sulfate,
and the one or more impure metallic byproducts selected from impure vanadium or impure molybdenum, wherein the alumina tail
byproduct is a feedstock in recycling the rechargeable batteries and the impure metallic byproduct is a feedstock in recycling the spent
catalyst, not required by Group Il or llI.

Group Il requires processing a combination of black mass and a nickel-cobalt alloy through a nickel-cobalt recovery circuit of a
hydrometallurgical process to recover one or more first battery grade metals; processing the combination of black mass and nickel-
cobalt alloy through a lithium recovery circuit of the hydrometallurgical process to recover one or more second battery grade metals,
wherein the nickel-cobalt recovery circuit and the lithium recovery circuit share an initial integrated step wherein lithium is pre-leached,
no required by Group | or llI.

Group Il requires pretreating a spent catalyst to form a pretreated spent catalyst; blending the pretreated spent catalyst with sodium
carbonate to form a blend; calcining the blend to form a calcine including one or more water-soluble metals; leaching the calcine to form
an overflow including a strong solution; treating the strong solution with one or more precipitating agents to remove impurities to from a
purified strong solution; and recovering one or more water-soluble metal oxides from the purified strong solution via a vanadium
recovery circuit, a molybdenum recovery circuit, or both, not required by Group 1 or ll.

Shared Technical Features:

Group I-1l share the common technical features of a rechargeable battery recycling process comprising producing one or more first
battery grade metals. However, these shared technical features do not represent a contribution over prior art because the shared
technical features are anticipated by US 2004/0028585 A1 to Cardarelli et al. (hereinafter “Cardarelli”). Cardarelli teaches a
rechargeable battery recycling process (abstract, The method relates to a pyrometallurgical and hydrometallurgical process for the
recovery and recycling of lithium and vanadium compounds from a material comprising spent rechargeable lithium batteries) comprising
producing one or more first battery grade metals (Abstract, The method involves...precipitating lithium carbonate; see instant
specification page 4, paragraph 2, The battery grade metals include...lithium carbonate).

Group I-lil share the common technical features of a spent catalyst recycling process comprising recycling spent catalyst and producing
one or more water-soluble metals and one or more insoluble metallic tail byproducts. However, these shared technical features do not
represent a contribution over prior art because the shared technical features are anticipated by US 4,298,581 Ato Douglas et al.
(hereinafter “Douglas”). Douglas teaches a spent catalyst recycling process (col 3, In 24-30, The instant invention relat‘es to the overall
pracess for recovering chromium, molybdenum, tungsten, and vanadium values from a feed material...The feed material preferably
comprises...spent catalysts) comprising recycling spent catalyst (col 3, In 24-30, The instant invention relates to the overall process for
recovering chromium, molybdenum, tungsten, and vanadium values from a feed material...The feed material preferably
comprises...spent catalysts) and producing one or more water-soluble metals (page 12, In 30-35, Sodium chromate is thus converted to
sodium dichromate and sodium bicarbonate. Hence, the water-soluble metal is sodium bicarbonate) and one or more insoluble meta_llic
tail byproducts (col 24, In 38-40, The hydrated calcium sulfate tailings are washed. Hence, calcium sulfate is the insoluble metallic tail

byproduct).

--see extra sheet--

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



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 23/24867

Continuation of Box [l (Observations where unity of invention is lacking)

Graup II-11l share the common technical features of recovering/producing metal. However, these shared technical features do not
represent a contribution over prior art because the shared technical features are anticipated by Cardarelli. Cardarelli teaches
recovering/producing metal (Abstract, The method involves...precipitating lithium carbonate).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups. Therefore, Groups I-ll lack unity under PCT Rule 13.

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