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International application No,

PCT/US 22/32512

A, CLASSIFICATION OF SUBJECT MATTER

IPC-  INV. DO1F 917, DOTF 8/16, DOF 8/12; ADD. DO1C 1/00 (2022,01)
CPC - INV. DOTF 9117, DO1F 916, DOF 9/12; ADD. DO1C 1/00

According to Internationa? Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (¢lassification system followed by ¢lassification symbols)

See Search History decument

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

See Search Higtory documant

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LS 2018/0084383 A1 {University of Maine System Board of Trustees) 05 April 2018 1-3, 5
— {05.04.2018) para [0006], [0023], [0026], [0052] —_—
Y 4
A 21-22
X WO 20201227816 A1 (Anomera Inc.) 18 November 2020 {19.11 2020) para [0058], [0071], 1,8, $-12, 18, 19-20, 23-
[0084], [0085], [0098], [00102] 25
Y 26
A 21-22
X . | CN 112088885 A (UNIV JIANGNAN) 18 December 2020 (18.12.2020) Abstract 1,7-8
A 21-22
X CN 106318177 A (ANHU[ MEIJING ARTS & CRAFTS CO LTD) 11 January 2017 (11.01.2017) |1, 1315
—_ ~ [Abstrast ——
A 21-22
X - CN 103435850 A (UNIV FUJIAN AGRICULTURE & FCRESTRY) 23 Novernber 2016 1,13, 17-18
— (23.11.2016) pg 2 para 9 —_—
A 21-22

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

I:I See patent family annex.

¥ Special categeries of cited documents:

“A"  document defining the general state of the art which is nof considered
to be of particular relevance

“D™  document cited by the applicant in the international application

“E" earlier application or patent but published on ar after the international
tiling date

“L" document which mag throw doubts on priority claim(s) or which
is eited to establish the publication date of anather citation or other
special reason (as specified)

0" documentreferring to an oral disclosure, use, exhibition or other means

“P"  document published prior to the intemational filing date but later than
the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the prineipke or theory underlying the invention

“X" document of particular relevance; the claimed invention cannet be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

Y document of pazticular relevance; the claimed invention cannet
be considered to involve an inventive step when the document is
combined with one or more other such decuments, such combination
being obvious ko a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

29 July 2022

Date of mailing of the internationa! search report

GCT 12 2022

Name and mailing address of the [SA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §74-273-8300

Authorized officer ~
Kari Redriquez

Te],eph(]ne No, PCT Helpdesk: 571-272-4300

Fonn PCT/ISA/210 (second sheet) {July 2019)
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C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT

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

October 2015 (22.10.2015) para [0028]

Qctober 2016 (01.10.2015) para [0168), [0178]

> i< P

<https:enwikipadia.orghwiki/Propylene_glycol>] para 1

LS 2015/0297371 A1 (WASHINGTON STATE UNIVERSITY RESEARCH FOUNDATION) 22 | 4

US 2015/0273420 A1 {INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE-INRA) 01 | 26

=T 'Propylene glysol’, Wikinedla, 2018 [retrleved from the Internet on 27 July 2022 {27.07.2022) at | 20
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/32512

-Box No. IT Observations where certaiv claims were found unsearchable (Continnation of item 2 of first sheet)

This international search report has nat been established in respect of certain claims under Article 17¢2){a} for the following reasens:

L D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, 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 that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not dratted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Aunthotity found multiple inventions in this intematienal application, as follows:
(see supplemental box)

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

. I:' 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.:

E-

. 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_:
1-26

Remark on Protest D The additional scarch fees were accompanied by the applicant®s protest and, where applicable, the
payment of a protest fes.

]:l 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.

I:l No protest accompanied the payment of additional search fees.

Form PCT/1SA/210 (continuation of first sheet (2)) (July 2019)

10

20

30

40

50



(60) JP 2024-523832 A 2024.7.2

INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/32512

Continuation of:
-*- Box No. Ll Observations where unity of invention is lacking -*-

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

Group |: Claims 1-28 is directed towards a liquid formulafion comprising: a suspension of nanacellulose {NC) elements in a liquid
medium, and a drying/dispersal additive, wherein the drying/dispersal additive is seiected from the group consisting of temperature-
responsive pelymers, small molecule additives in volatile systems, and blocking agents.

Group I: Claims 27-36 s directed towards & method of processing cellulosic feedstock to farm a redlsperslble, dried NG-containing
material comprising NC elements, comprising: mechanically defibrillating the cellulosis feedstock, thereby forming an Initial
nanocellulose suspension comprising the NG elements; treating the cellulesic feedatoci with a drying/dispersal additive before or after
the step of mechanically defibrillating the cellulosic feedstock to form a treated nanocellulose suspension compiising NC elements; and
drying the treated nanocellulose suspensian to form the redispersible, dried NC materlal comprising NC elements.

Group UI: Clalms 37-78 Is directed towards a method cf producing a redispersible, dried NC-contalning materlal with nanocellulose
elements embedded thereln comprising: providing the liquid formulation of claim 1, wherein the fguid formulation comprises
nanocellulose elements and wherein the liquid formulation comprises a drying/dispersal additive; and drying the liquid formulation to
form a redispersible, dried NC-containing material with nanocellulese elements embedded within, wherein the redispersibility of the
dried NC-containing material is greater than that of a dried control material prepared by drying a control suspension of nanocellulose
elements in a liquid medium, wherein the control suspension lacks a drying/dispersal additive.

Group IV: Claims 79-116 is directed towards a method of producing a composite matrix, comprising: providing an exlsting matrix
composition; and incorperating a population of additive NC elements into the existing matrix.

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

Spacial Technical Features:

Group Il requires a methed of processing cellulosic feedstock to form a redispersible, dried NC-containing material comprising NG
elements, comprlsing: mechanlcally defibriliating the celluloslc feedstock, thereby forming an Initlal nanccellulose suspension comprising
the NC elements; treating the cellulosic feedstock with a drying/dispersal additive befare or after the step of mechanlcalty defibrillating
the cellulosic feedstock to form a treated nanocellulose suspension comprigsing NC elements; and drylng the treated nanocellulose
suspension to form the redispersible, dried NC material comprising NC elemnents, not required by Groups | or lil-IV.

Group Il requires a method of producing a redispersible, dried NC-coriaining material with nanocellulose elements embedded therein,
compnsing: providing the liquid formulation of claim 1 and drying the liquid formulation to form a redispersible, dried NC~containing
material with nanocellulose elements embedded within, whereln the redlsparsibility of the dried NC-containing material is greater than
that of a dried contral material prepared by drying a contrel suspension of nanogellulose elements in a liquid medium, whereln the
contral suspension lacks a drying/dispersal additive, not required by Groups I-Il or V.

Group IV requires & method of producing a composite matrix, comprising: providing an existing matrix compesition; and incorporating a
population of additive NC elemants into the axisting matrix, not raquired by Groups [l

Shared Tachnical Features:

Groups k-lll share the common feature of a liquid formulation comprising: a suspension of nanceellulose (NC) elements in a liquid
medium, and a drying/dispersal additive. .

However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is
enticipated by WO 2020/227816 A1 te Anomera Inc. (hereinafter 'Anomera’). Anomera teaches a liguid formulation comprising: a
suspension of nanocellulose (NC) elements in a liquid medium (para 007 1] "providing a suspension of cellulose | nanocrystals..a
mixture comprising a continuous liquid phase in which droplets of the porogen are dispersed and In which the nanocrystals are
suspended"”), and a drying/dispersal additive {para [0084] "Tha liquld phase may further comprise one or more water-soluble, partially
water-scluble, or water-dispersible ingredients. Non-fimiting examples of such Ihgredients Include...water-soluble pelymers™; para [0085]
"Non-limiting examples of water-scluble pelymers include,, poly{sthylens glycol)...hydroxypropyimethyl cellulese {HPMC), hydroxypropyl
cellulose (HPC), hydroxyethyl celiulose (HEC)"; para [00102] "The nancamulsion may also comprise one or mere co-surfactant. Non-
limiting examples of co-surfactants includa:...glycerin... propylene glycol").

Groups tand LIl share a liquid formulation comprising: a suspension of nanocellulese (NC} elements in a liquid medium, and a
drying/dispersal additive, wherein the drying/dispersal additive is selected from the group consisting of temperature-responsive
polymers, small molecule additives in volatile syatems, and blocking agents.
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Howaever, these shared technical features do not represent a contribution over prior art, because the shared technical featurs s
anficipated by Anomera. Ancmera teaches a liquid formulation comprising: a suspension of nanocellulose (NC) elements in & liguid
medium {para [0071] "providing a suspensicn of cellulose | nanserystals..a mixture comprising a continucus liguid phase in which
droplets of the porogen are dispersed and in which the nanocrystals are suspended”), and & drying/dispersal additive, wherain the
drying/dispersal additive is selected from the group censisting of temparature-responsive polymers, small molecule additives in valalile
systems, and blocking agents (para [0084] "Tha liquid phase may further comprise ohe or more water-soluble, partlally water-soluble, or
water-dispersible ingradients. Non-limiting examplas of such ingredients include...water-soluble polymers"; para [0085] "Non-limiting
examples of water-soluble polymers include...poly{ethylene glycol)...hydroxypropylmethyl celiulose (HPMC), hydroxypropyl cellulose
[HPC}, hydroxyethyl cellulose (HEC)"; para [00102] "The nanoemulslon may also comprise one or more ce-surfactant. Non-limiting
examples of co-surfaciants include:...glycerin... propylene glycol®).

Groups || and [l share a method of producing a redispersible, dried NC-containing material comprising drying a nanoceiluiose
suspension.

However, these shared technical features do not represent a contribution aver prior art, because the shared techniceai feature is
anticipated by US 2011/0280148 A1 to Beck et al. (hereinafter 'Beck’). Beck teaches a methoed of producing a redispersible, dried NC-
containing material comprising drying a nanocellulose suspension (para [0034] "when acid-form NCC suspensions are dried by
evaporation {or by other means Such as freeze-drying or spray-grying)...a lightwefght solld form of NCC is producad that is redispersible
in waler to give a colloidal Suspension").

As the shared technical fealures ware known in the art at the ime of the invention, they cannct be considered special technical features
that would otherwise unify the groups. Therefore, Groups |-V fack unity under PCT Rule 13,

NOTES:
Claim 1 tacking dlarity on "temperature-responsive polymers”, "small molacule additives in volatile systems" and "blocking agent”.

The specification states that "temperature-responsive polymers" can be lower critical selution temperature polymers (para [0023]
"Temparaiure-responsive polymers espedially suitable for this purpose are those that exhibit a phenomenon known as LCST (lower
critical solution temperature) phase behavlor.") and also provides a list of examples (para [0013] "The LCST polymer can be selected
from the group consisting of methyl cellulose, hydroxylethyl cellulose, hydroxypropyi cellulose, hydroxypropylmethyl cellulose,
ethylhydroxyethyl cellulose, polyvinylcaprolactam, poly(methyl vimyl ether), poly{N-isopropylacrylamide}, poly(N,Ndiethylacrylamide;),
poly{ethylene oxide) and paly{propylene oxide) block copelymer, and elastin poly(pentapeptida)’). For the purpose of completing this
ISR, it is assumed that any polymer from the above is a temperature-responsive polymer and therefore a drying/dispersal additive.

The term "small molecule additivas in velatile systems" is unclear as to what defines "small™ and "valatile” in this context, The
specification defines this as miscible with water and have a bailing point higher than that of the co-existing water {para [0028] "The
selected amall molecule additives for use with volatile systems are miscible with water and have a beiling point higher than that of the co
-existing water.") and provides multiple lists of examples {para [0013] "The small molecule additive can be selected from the group
consisting of trifpropylene glycol) butyl ether, di{propylene glycol) propy! ether, propylene glycot butyl ether, propylene glycol propyt
ether, ethylene glycol moncbutyl ether, propytene glycol monomethyl ether acetate, propylene glycol diacetate, ethylene glycol
diacetate, benzyl alcohol, 1-heptanol, and 1-hexanol. The small molecule additive can be selected from the group consisting of ethylane
diamine, diethylene tiamine, tetraethylene pentaamine, 1,3-pentane diamins, piperazine, 1,2-cyclohexane diamine, aniline, pyridine,
and piperazine™). For the purpose of complating this ISR, it is assumed that a small molecule additive in a volafile system I any of the
above somponents in water.

The term "blocking agent™ Is unclear. The specification gives a list of axamples of a blocking agent {para [0013] "The blocking agent can
be a non-volatile chemical additive, which can be a purine or a pyrimidine. In embodiments, the non-volatile chemical additive is a
purine, and the purine is a xanthine or a xanthine derivative, In embodiments, the blocking agent is a humectant, which can be selected
from the group consisting of glycerin, caprylyl glycal, ethylhexylglycerin, tribshanin, hydrolyzed soy protein, propyiene glycol, methyl
gluceth20, phenyl trimethicone, hyalurenic acid, sorbitol and gelatin, In smbodiments, the blocking agent can be a fatty acid.”). For the
purpose of completing this ISR, it is assumed that any of the abeve components Is considered a blocking agent.

Claim 34 is incorrectly dependent on claim 26 as it says "redispersible, drled NC materlal”. For the purpose of completing thiz ISR, it is
sasumed that claim 34 is dependent on claim 33.
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