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pgodoooooboooboooouooobooooobo0ooooooDoooooboondgano
gooooooooooooooooobootooooboooooooooobooobooanoan
godoboooooooobooooooooboo0oooobo0ooooooDoooooboonUoano
ooo0o0oooooooooboo0o0oboboooooDoobo0ooob0o0oo0ooooooooonodo
goooooob0oooooooooood
Ooo0oOoooaod
Oo0o0oo0ooooooooooo0o0ooooo0oooooo0ooobo0o0oo0ooooooooonOdao
godooooooooooo0oooooobootoooboo0ooooooboooooobooanoao
pgodoooooboooboooouooobooooobo0ooooooDoooooboondgano
Oo0o0o0oooooooo0oob0o0o0ooo0oo0oo0oooDo0oobo0 oo oDb0o0oooo0ooooooonodo
ooooooao
Ooooao
Ooooao Ooooao

JAI I/b I/b\
P ] BT
N <>f\8’5<>fz( 13 g )

T WEZW@

107 (r{ (- J 0"

c__$—><)’\—< e =L~ g

- FIG. 1 - Fi6.2



(38) JP 2025-513027 A 2025.4.22

O0o0oao
16
A A
-12
30_/
= % B
/ J
18 " FIG. 3 n
FIG.4

ooooad ooooad

10

20

30

40

50



gooaoao

gooad

/]

1
T
)
[ T1T &
}}IJL

T T

JP 2025-513027 A 2025.4.22

FIG.§

10

20

30

40

50



JP 2025-513027 A 2025.4.22

gooaoad

(40)

gooaoao

10
20
0

40
50

o o
— F
&
[SESHONGHONGEONONONOEONSNONONONONS] i
= eEeleloleleoTslololololoTeoleoXeoNeNw)] r?
o T N o e N
5 . U
B!;gggngu.@ggu D e

FI6. 9B

B R S e e N s
OO OO OO O OO OO0 O OO
OO OO O U U OO OO OO O

EOEOROEOROROLOAORORCROROLRORO LSOO NS N

[GHOEONCEGIVIGIONGEONGEOIOEONSES]
O OOOOOO000CO0 00

e e —T e~

4&{
oooooand

=\, =
—_— frosacen
oL
[~ =
OO0 OO 00000000000 gy AAAS
0009000 0= =0=-0 =P =P PP B o,
S=0=0-0-0-0-0-0-0-0-0-C-8-8-9- -8 s
ORI ROROROROROR RO OO = W W W AW W
oo ﬁ RO RO OO A A OR O RO A ) R d
u CL R RO A RO
SO RO RO RO R SRR CRUAORURUROLORORORS - i T
h!
O
_H_ AT
O
| o "\
O



goooaoano

ooooogad

Fi6. 10C

FIG. 10E

(41)

JP 2025-513027 A 2025.4.22

goo0ogodg
s s s Y Y
e 1 s 1 s 1 s 1 s
O OHC OO
G JE < [ | — | — ) -
e e e 1 | e T
ST oo o=
— O O[O [ >
Do oo oo ok
O D=
i e {1 < | |
D o ) — o —
i e {1 | |1 |
s {1 | — )l — ) —
5 OGS 6. 10D
O00ooao

A
N
SRR

5
%

0

R RKIIRIRT
w::wm,
"

5
5
o

"
000

’
X0

W’V’"V Y
SER
(OO0
Ao
0&02020.’0?&0?&

10

20

30

40

50



(42) JP 2025-513027 A 2025.4.22

00000 00000
2 .
-~ K
N J AN N
T~ 3
10
SN j Z
o — _ b
N Em =—| : E
=
- ‘\,e :/T
® ) ]
ﬂ g E_/v - \
N ~ L
™ ) A 20
000000 000000
S 30
=
40

FlG. 14A FIG. 14B

50



JP 2025-513027 A 2025.4.22

gooaoad

(43)

goooaoano

o o o o
— N ™ =4

¢l

ooooad

FI6. 14C

ﬁ%%#
%%Mw@mw

ooooad

50

FIG. 16



gooaoao

506

550 'J

¥

FIc. 18

730> B

710> Fi

740 -~

m J 720

(44) JP 2025-513027 A 2025.4.22

AT

A LAV
B
A

m J 0 74 /

gooaoaad

762 Fioin

764 ]

10

20

30

40

50



gooaoao

ooooogad

FI6.22

FI16.238

(45)

goooaoano

oogdd

ooad

fe

ﬁ -
SR
L
e

RE

‘2_‘::

i

JP 2025-513027 A 2025.4.22

FI6.23A

10

20

30

40

50



goooaoano

e

o

= =
: G

FIG. 248

(46)

JP 2025-513027 A 2025.4.22

10

20

30

40

50



(47)

gooooboag

INTERNATIONAL SEARCH REPORT

JP 2025-513027 A 2025.4.22

International application No.
PCT/US 23117621

A.  CLASSIFICATION OF SUBJECT MATTER -

- ADD. BO1D 38/14, B32B 5/08 (2023.01)

ADD. BCI1D 39/14 Baza 5/05

B. FIELDS SEARCHED

IPC - INV. BO1D 38/16, B32B 27/28, B32B 27/32 (2023.01)

CPC - iNv. BO1D 38/16, BO1D 39/16807, BO1D 39/1623, B32B 27/28, B32B 27/32

See Search Histary document

Minimum do¢umentation searched (class:ﬁcanon system fnllowed by classitication symhols)

See Bearch History document

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

See Search History document

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 WO 20224011689 A1 (The Hong Kong Polytechnic University) 20 January 2022 (20.01.2022) 1-3, 5.9, 11-12, 15-17,
- para [0009), para [0014]-[0015], pera [0018], para [0021[-[0022], para [Q06B], para [D081], para’ |23
Y [00831-10054], -

4,8-8, 10, 13-14, 18-22
Y . |WO 2021/203068 A1 (Donaldson Company, Inc.) 7 chnber 2021 (07,10, 2021) pa 1, In 27, pg
10, In 23-26, pg 17, In 1-2, pg 22, In 12-24, 4,67, 1314
Y US 2008/0166223 A1 (Braunecker et al.} 2 July 2009 (02.07.2008) para [0001], para [0024],
para [CO30]-0032], para [0034], para [0041]{0042], para [0132], €7, 18
Y US 2020/0054875 A1 (Hollingsworth & Vose Company) 20 February 2020 (20.02.2020) para
. |[0001], para [0015], para [0039], para [0105], para [0108], para [0123], para [0125]. B, 18-22
Y US 2017/0085923 A1 (3M Innovative Properties Company) & March 2017 (09 03.2017) para
[0096], para [0054], - |10
L US 2007/0021021 A1 (Verdegan et al.) 25 January 2007 (25.01.2007) para [UUD4], para
[00038], 4, 6-7
L US 4,532,169 A (Carley) 30 July 1985 (30.07.1885) col 2, In 30-47
18

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

D See patent family annex.

Special categories of cited documents:

“A” document defining the generel state of the art which is not considered
1o be of particular relevance

"D document cited by the applicant in the international application
“E" ,‘ﬁ'{ﬁw d:gglimion orpatent but published on or after the international
bg

“L"  document which throaw doubts on priecit %Wnlam(s) or which
is cited to establish the uhhcauon date of another citation or gther
special reason {(as specifiedy

0" -decumentreferring to an oral disclosure, use, exhibition or othermeans

“P"  document published prier to the international filing date but later than
the priority date claimed

“T"  later documen, published after the intermational filing date or namy
date and not in conflict with the np[gewation but cited 1o
the principle or theory underlying the invention

“X" document of particular relevance; the claimed lnvenhun cannol be
considered novel or cannot be considered fo involve an inventive step
when the document is taken alone .

“¥* documnent of particular rel . the claimed tion cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document meémber of the same patent family

Date of the actual completion of the international seard:

§ Juna 2023

Date of mailing of the international search report

AUG 25 2083

Name and mailing address of the ISAIUS

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

Facsimile No. 571-273-8300 !

Autharized officer
. Kari Rodriquez

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

Telephone No, PCT Helpdesk: 571-272-4300

10

20

30

40

50



(48) JP 2025-513027 A 2025.4.22

INTERNATIONAL SEARCH REPORT Intemnational application No.

PCTAS 23/ 7921

BoxNo. Il Observations where certain clahms 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. [] Ctaims Nos.

because they relate to subject matter not required to be searched by this Authority, namely:
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3. D Claims Nos.:
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ccause they are dependent claims and are not drafted in accordance with the second and third seniences of Rule §.4(a).

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

This International Searching Authority found multiple inventions in this interational application, as follows:
——asee supplemental boxesm.—-—

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

2, [_] s alt searchable claims could be scarched without effortjustifying additional focs, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fecs 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 focs were timely paid by the apphi C quently, this international search report is restricted
to the invention first menttoned in the claims; it is covered by claims Nos.-
1-23
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
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D No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPQRT Tntomational appiication No.

PCT/US 23117921

Bx. Il {Lack of Unity)

This apglication centsins the following Invertions or groups of inventions which are not so linked as tofom a single general inventiva
concept under PCT Rule 13.1. In order for all inventions to be gearched, the appropriate additional search fees must be paid.

Group |: Claims 1-23 is directed toward a filter media comprising: a substrate comprising fibers; nanoparticles diaposad within the
substrate, wherein the nanoparticles have at least one dimension less than 1 micron; and wherein at least one of the fibers or the
nancpariicles are electrostatically charged.

Groug lI: Claims 24-33 |8 directed toward éﬂlﬁar media comprising: a substrate comprising fibers and nanoparticles, wherein tha
substrate meghanically filters contaminants; and wherein the subistrate electrostatically fitters contaminants.

Group |lI: Claims 34-43 is directsed toward a methed for manufacturing a filler media, the method comprising: providing a substrate
comprising fibers; electrostatically charging tha fibers; and dispersing nanoparticies into the substrate.

The Inveritions listed as Groups |l do not relate to a single general inventive concapt under PCT Rule 13.1 because, they lack the )
same or corresponding speclal fechnical featuras for the following reasons: .

Special Technical Features: '

The Invention of Group | includes.the special techrical feature of a filler media wherein the nanoparticles have at keast one dimension .
less than 1 micron; and whangln the nanoparticles are slectrosiatically charged, not required by Groups Il or ll.

The Invention of Group Il inciudes the special technical featurs of 2 filter media whareln the substrata meehanically fiters contaminants;
and wherein the substrate electrostatically filters contaminants, not required by Group | or IIl. .

The invention of Group lil includes the apecial technical feature of 8 methad for manufacturing a filter media, the methed comprising:
electrostatically charging the fibers; and dispersing nanoparticles into the substrate, not required by Group lerll.

Shared Technical Festures: '

The inventions of Groups | and |l share the'technical features of a filter media comprising: a substrate comprising fibers and™
nancpariicles; wherein a camponent of the substrate is elactrostatically charged. :

Howava'r, thesa shared technical features do not represent a contribution cver prior art, because the shared technical feature is being
anticipated by WO 2022/011689 A1 to The Hong Kong Polytechnic University {hereinafter *HKPU"),

HKPU teaches a filter media {para [0014], An aspect of the prasent disclosure Iz to provide & high filtrasion filter for fitaring aerascis with
effective disinfection and low pressure drop across the filter...The filter indludes a plurality of module layers and a plurality of separators.
An Individual module layer Is an electrostatically-charged polyvinylidene fluoride {PYDF) nanofiber mat. The electrostatically-charged
PVDF nanofiber mat with charged nancfibers |s configured 1o better capture aarosols; The plurality of layers form the media; see instant
specification, para [0024], The substrate may comprise a sheet, layer, film, apertured film, mesh, netting or ather media) comprising: a
substrate comprising fibers (para[0D14], An aspect of the presert disclosure is to provide a high filtration filter for fittering asrosals with
offective disinfection and low pressure drop across the filter... The filter includes a plurality of module layers and a piuralily of separators.
An Individual medule layer is an electrostatically-charged polyvinylidene fluoride (FVDF) nanofiber met. The electrostatically-charged
PVDF nanofiber mat with charged nanofibers is configured 1o better capture aerosols; The module layer comprising fibers fams the
substrats; see instant specification, para [0024], The substrale may comprise a sheat, lgyer, film, apartured film, mesh, netting or other
media); and nanoparticles (para [0015], the Indlvidual module layer further comprises nancfibers having antimicrobials integrated for
disinfecting the aerasols captured to achleve effective disinfection; and para [0018], the antimicrobials are in a form of nanoparticles
with a size in & range between 0.1 times fo 1 fime of an average diameter of the charged nanofibers), wherein a component of the
substrate is elactrostatically charged (para [C014], An aspect of the present disclosure is to provide a high filtration filter for filtering
aerosols with effective disinfection and low pressure drop across the filter... The filter includes a plurality of medule tayers and a plurallty
of separators. An individual module layer is an electrostatically-charged polyvinylidene fluoride (PYDF) nenofiber mat. The
electrostatically-charged PVDF nanofiber mat with charged nanofibers is configured to better capture aerosols).

- ———-Continuation on Supplemantal Box-—-—————
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BX. Ill {Lack of Unity)

The inventions of Groups | and |l share the technicel featura of a fiter media comprising: a substrate comprising fibers and
nanoparticies; wherein the ficers are electrostatically charged. ’

However, these shared technical features do not represent a contribution over prior art, bacause the shared tachnical feature ia baing
anticlpated by HKPU. . ' :

HKPU teaches a Blter rmedia (para [0014], An aspect of the prasant disclosure is to provide a high filtration filter for fitering aerosols with
sffactive disinfection and low pressure drop across the filter... The filter includes a plurality of module layers and a plurality of separators.
An individual module layer is an electrostatically-charged polyvinylidene fiuoride (PVDF) nanoflber mat, The el ectrostatically-changed
PVDF nanofiber mat with charged nanofibers Is configured to better apture aerosols; The pluraiity of layers form the media; see instant
specification, para [0024), The subsirate may comprise & sheet, layer, fim, aperiured film, mash, netting or other media) comprising: a
8ubslrate comprising flbers (para [DD14], An aspsct of the present disclosure is to provide a high filiration filter for filtering aerosols with
effective disinfiection and low pressure drop acrosa the filter... The filter includes a plurality of module layers and a plurality of separators.
An individual module Iayer is an electrostatically-charged polyvinylidena fiucride (PVDF) nanofibar mat. The electroslatically-charged
PVDF nencfiber mat with charged nanofibers Is configured to better capturs aerosols; The module layer comprising fibers forms the
substrate; see instant specification, para [0024), The substrata may comprise a sheet, layer, film, apertured film, mesh, netting or other
media); and nanoparticlas (para [0015], the individual module layer further comprises nanofibers having antimicroblals integrated for
disinfecting the aerosols captured to achieve effective disinfection; and para 0018, the antimicrobials are in a fom of nanoparticles -

. with a size in a range between 0.1 times to 1 time of an average diameter of the charged nanofibers), wherein the fibers electrostatically
charged (para [0014], An aspect of the present disclosure Is to provide a high filtration filter for filtering aerosols with effective
disinfection and low pressure drop across the filter... The fitter includes a plurelity of module leyers and a plurality of separators. An
indfvicdual module layer is an electrostatically-charged polyvinylidene fiuoride (PVDF) nanofiber rat. The elecirosiatically-charged PVDF
nancfiber mat with charged nancfibers is configured to belter capture aerosols).

The Inventlons of Groups Il and Iil shara the technical features of a fllter media comprising: a substrate comprising fibers and
nanoparticles; wherein a component of the substrate s electrostatically charged.

However, these shared technical features do not represent a corribution over prior art, bacawse the shared technical feature is being
anticipated by HKPL, E

effactive disinfection and low pressure drop across the filter... The filter Includes a plurality of module layers and a plurality of separators.
An individual module layer i an electrostatically-charged polyvinylidene fluoride (PVDF) nanofiber mat. The elactrostatically-charged
PVDF nanofiber mat with charged nanofibers [s configured to bettsr capture aerasals; The plurality of layers form the media; see instant
specification, para [0024], The substrate may comprise a sheet, layer, film, apertured film, mesh, netting or other media) comprising: &
substrate comprising fibers (para [0014], An aspect of the present disclosure is to provide a high filtration filter for filtering aerosols with
etfective disinfection and low pressure drop across the filter... The filter includes a plurality of medule layers and a plurality of separators.
An individual module layer is an electroatatically-charged polyvinylidens fiuorids (PVDF) nanofiber mat, The electrostatically-charged
PVDF nanofiber mat with charged nanofibers is configured to better capiure serosols; The motule layer comprising fibers forms the
subsirate; see instant specification, para [0024], The substrate may comprise a sheet, layer, film, apertured film, mesh, netting or other
media); and nancparticles (para [0016], the individual module layer further comprises nanofibers having antimicrobials Integrated for
disinfecting the aerascls captured to achieve effective disinfection; and para [0018], the antimicrobials are in a form of nanoparticles
with & size in a range betwean 0.1 times to 1 fime of an avarage diameter of the charged nanofibers), wharaln a component of the
substrate is alactrastatically charged (para [0014], An aspect of the present disclosure is to provide a high filtration filtar for filtaring
aerosols with effeclve disinfection and low praesura drop across the filter... The: filter includes a plurality of medule layers and a plurality
of separators. An individual module [ayer is an electrostatically-charged polyvinylidena fluoride (FVDF) nanofiber mat The
electrostatically-charged PAVDF nanofiber mat with charged nanofibers is configured to better capture aerosols).

As the comman features ware known in tha art at the time of the invention, they cannot be considerad special technical features that
would otherwise unify the groups. .

Therefore, Groups HII lack unity under PCT Rule 13 because they do not share a same or comespanding special technical feature.

HKPU teachas a filter media (para [D014], An aspect of the present disciosure is to provida a high filtration filter for filtering aerosols with.
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