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INTERNATIONAL SEARCH REPORT

PCT/US 14/50583 -

A. CLASSIFICATION OF SUBJECT MATTER

IPC{8) - C23C 16/00 (2014.01)

CPC - C23C 16/26; C23C 16!545 C23c 16/325
According to International Patent Classification (IPC) or to beth natienal classification and IPC

B.  FIELDS SEARCHED

Minimum documeniation searched (glassilication gyslem followed by classification sym
CPC (C23C16/26; C23C16/545; C23C16/325; HOIM2M166; HO1M2M48; HO1M2M1 BG H 1M10/52; HO1M2220/20; C08J5/18;
C08J2323/06; COBLE5/04; DO1F6/04; COBL23/0815; COBKS/13; DO1F1/10; COBKS/103; COBLE7/02; CDBD11/03; CO1P2006/22; COSDT/Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC (427/249.3; 427/501; 427/538; 180/65.31; 429/158; 429/251; 426/04; 429/145; 428/252; 524/310; 523/169; 524/313; 524/317;
5241375, 524/200; 5241376, 524/308; 5241377, 524/378; 524/145; 428/36.9; 216/53; 216/67; 264/293; 428/141; 216/52; 216/100; 264/11.3

Elecctronic data base consulted during the international search (name of data base and, whete pracﬁcabie, search terms used)

PatBase, Google Patants/Scholar - Terms: polymer sheet matrix fiber porous highly wettabiiity instantaneous interconnecting modifying
surface agent battery 3D pores separator pattern sustained anchored plasticizer melt viscosity non-planar ribs Battery 1opography
sulfonate ambossmg catendering densification extrusion diundecyl-phthalate polyethy

G. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2012/0145468 A1 (PEKALA et al.) 14 June 2012 (14.08.2012) 1-20.
para [0015}[0017], [00286), [0027], |OD47] [0053], [0088); figure 9; claims 9 and 10 ’
Y US 4,578,414 A (SAWYER et al.) 25 March 1986 (25.03. 1986) 1-20
abslracl. col 3, In 23-36; col 5, In 44-55; claim 22
¥ us 5,065,648 A (BRINK et al.) 12 October 1998 (12.10.1999) .
col 1, In 24-27; col 3, In 2-13; col 4, In 61-65 " |28
Y US 2011/0219983 At (BASEETH et al.) 15 September 2011 {15.09.2011}
para [0045], [0051), [0054], [0058], [D0G0] 68
Y US 2011/0287203 A1 (VICTOR et al.} 24 November 2011 (24.11,2011)
para [0003], [0030], (0037], [0091], [0101], [0109); claims 4 and 6; figure 1 12-16
D Further documents are listed in the cominualié:n of Box C. E’
*  Special categorics of cited documents: 2 “T"  later document published after the international filing date or priority
“A™ document defining the general state of the art which is not cunmdmd daie and not in conflict with the application but cited to understand
 tobe of particular relevance ' the principle or theory underlying the invention
“E" earlier application or patent but published on ¢f aﬁer the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered navel or cannot be considered to involve an mvcntivc
“wr docﬁmem w}t‘!lf‘:hhmt;g ﬂlrglw dnuhri:n p?omy u::la:m(s) or wh:cg is step when the docurhent is taken alone
cited to estabisl publication date of ancther citation ar OMEr wy»  gnoyment of panticular relevance; the claimed invention cannot be
special reason (s specified) considered topallr:volve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documenits, such combination
rm-.ans being obvicus to a person skitled in the art
“pr blished prior to the i ignal filing date but tater than  « g,:» ;
the pnonL ale clalme ¥ & document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international_ search report
6 Januvary 2015 {06.01.2015) ] 6 J A N 20]5
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents , Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450 pCT e 5712724300
Facsimile Ne.  571-273-3201 . PCT OBP: 571.272:7774
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Box No.Il  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 fellowing reasons:

I___l Claims Nos.:

because they relate to subject matter not reqmred 10 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. D Claims Nos.:
because thay are dependent claims and ai'e not drnﬁed in accordance with the second and third sentences of Rule 6.4(a).

Box No. I Observations where unity of jnvention is lacking (Continuation of item 3 of first sheet}

This International Searchm%Authonty found mulnple 1n\rcmlons in this internationai application, as follows:
—please see supplemental

1. D As all required additional search fees were timely paid by the applicant, this intemational 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. EI 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.:

o ) .

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 clalms Nos.:

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 accompamed by the applicant’s protest but the apphcable protest
fec was not paid within the time limit specified in the invitation.

D Neo pmr.est accompanied the paymem of additional search fees.

Form PCT/ISA/210 (continuation of first sheet {2)) (July 2009)

10.13



(30) JP 2016-532017 A 2016.10.13

INTERNATIONAL SEARCH REPORT

PCTAUS 14/50583

Box lI; lack of unity

This application contalns the following inventions _pr"'g'roups of inventlons which are not o linked as to furm a single general Inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, ths appropriate additional examination fees must be paid.

Group §: claims 1-20, direcled to a high porosity polymer fiber sheet . -
Group |I: daims 21-29, directed to a method of making a high por;:islty potymer fiber sheet - A

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

Special technical features

Group )l includes the special technical feature of a method of making a high porosity polymer fiber shéet. which is not required by Group
| . :

Shared technical featuras

Groups |-l share the common technical feature of high porosity polymer fiber sheet that is instantaneously wettable by an aqueous
medium, comprising: a three-dimensional matrix of polymer fibers, the matrix having a thickness and interconnecting pores that
communicate throughout the thickness of the matrix; and a fiber modifying agent distributed throughout the matrix, the fiber modifying
agent anchored to the polymer fibers of the matrix and providing instantaneous and sustained wettabiiity to the high porosity polymer
fiber shest. Howaver, this shared technical features does not represent a contribution over prier art, because these shared technical
feature is being obvious over US 2012/0145468 A1 to Pakala et al, {hereinafter Pekala} in view of US 4,578,414 A to Sawyer et al.
(hereinafter Sawyer). .

Pekata teaches a high porosity polymer sheet (para [0015]; [0026] - Freestanding, heat resistant microperous polymer film that
comprises a polymer matrix that binds an inerganic fller materal; and the inorganic filler material is selected based upon its structure
and electrochemical compatibliity to provide a freestanding, heat resistant microporous flim with excellent wettability and a porosity
encompassing @ volume fraction of at least 60%; and 60% porosity would make the matrix highly porous), comprising: a three-
dimensional matrix of polymer fibers, the matrix having a thickness and interconnecting pores that communicate throughout the
thickness of the matrix (para [0047] — In the manufacture of freestanding, heat resistant micreporous films, the thermally induced phase
soparation of the polymer matrix and processing oll ensure that the extracted film has three-gimensional interconnecting and
interpenstrating pore and polymer networks); and a fiber modifylng agent distributed throughout the matrix, the fiber moditying agent
anchored to the polymer fibers of the matrix and providing instantanecus and sustained wettability to the high porosity polymer fiber
sheet (para [0026] — The Inorganic filler material is selected based upon its structure and electrochemical compatlbility to provide a
fraestanding, heat resistant microporous film with excellant wettability and a porosity encompassing a volume fraction of at least 60%.
Rapid wetting and decresased flll times are beneficial to the manufacture of energy storage devices, while high porosity and a controlled
pore size distribution impart low impedance to the microporous film. Here, the fiber modifying agent would be the Inorganic filler).

However, Pekala doss not teach a pelymer fiber instantaneously wettable by ah aquecus medium, which is done by using a fiber
modifying agent distributed throughout the matrix, the fiber modifying agent anchored to the polymer fibers of the matrix and providing
instantaneous and sustained wetability to tha high poreslity polymer fiber sheet, Pekala teaches the incorporation of an inorganic filler to
provide & freestanding, heat resistant microporous film with excellent wettability and a porosity encomipasaing a volume fraction of at
least 60% {para [0026] — The Incrganic filler material is selected based upon its structure and electrochemical compatibllity to provide a
freestanding, heat resistant microporous film with excellent wettabiilty and a porosity encompassing a volume fraction of at least 60%.
Rapid wetting and decrsased fill times are beneficial to the manufacture of energy storage devices, while high porosity and a controlled
pore size distribution impart low impedance to the microporous.film). Sawyer, on the ather hand, teaches a polymer fiber
instantansously wettable by an agueous medium, which is done by using a fiber modlfying agent distributed throughout the matrix, the
fiber modifying agent anchared to the polymer fibers of the matrix and providing Instantaneous and sustained wettability to the high
porosity polymer fiber sheet (abstract; col 5, In 44-55; col 3, In 23-27 — "Waettable fibers and/or fllaments, espacially those of fine denier,
are prepared from olefin polymers, especially inear low density copolymer (LLDPE), by having incorporated into said olefin polymer at
least one wetting agent”. And, "meit blending Hhear low resins with a combination of surface active agents and meit spinning the blend
produces wettable fibers with tactile properties superior to fibers of barefoot (neat) linear low density polyethylene resins. Webs of the
wettable linear low density polysthylene fibers exhibit rapid watting and transport of aguecus media thraugh the fiber matrix®. Finally,
"the present invention comprises the use of a compesition of an pelyolefin resin and additives to form wettable fibers and filaments,
aspecially those of fine denier, with high permanence of wettability*, Hencs, the incorporation of the wetling agents provide rapid
waltability, and permanence of wettability (sustained wetlability, which also implies that the wetting agents are "anchored” to the matrix)).
Therefore, it would have been obvlous to one ordinary skilled in the art to use wetting agents in polymer fiber matrix for rapid and
sustained wettability, as taught by Sawyer, with the high porosity polymer sheet that Pekala teaches, because lingar tow density
polyethylene (LLDOPE) fibers exhibit enhanced tactile properties such as softness comparned to pelypropylena and high density
polyethylene. Melt Blending linear low resins with 8 combination of surface active agents and melt spinning the bland produces wettable
fibers with tactile properties supsrior to fibers of barefoot (neat) linear low density polyethylene resins. Webs of the wettable linear low
density polyethylene fibars exhibit rapid wetting and transport of aqueous media through the fiber matrix. These fibrous structures
demonstrate good performance potential and offer a means for opening new markets of olefin polymers. (Sawyer -- cal 5, In 44-55).

As tha technical features were known in the art at the time of the invention, they cannot be consldered special technical features that
would otherwise unify the groups. Therefore, Groups kI lack unity of invention under PCT Rule 13. .
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