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conprising a porous fluoropolyner and a coherent irregular network of a

t her nopl as80i2012/08889ei n t he network is attached to the pecoas261L0606600! yer
are described herein. A free-standing porous 10coherent irregular network
article is also described. BACKORENF THEINVENMOW! ON Expanded

fl uoropol yners such as expanded PTFE (ePTFE) are 15used in a wi de variety
of applicati onBOROUS ARMQOLEWITHFUSED THERMOPLASTIC PARTICEESI ng,

garnments, nedical inplants, electronic wire and cable and the |ike.
Expanded PTFE is porous; allowng fluid to pass there through. In sone
applicatiogs, the expanded fl ugignelof®s éfﬂ Rﬂqd to one or nore support
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that can be used. In these challenging applications, it is sonetines
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to attach to other fluoropolynmer materials such as the expanded
fl uoropol ynner. Further, in many applications, such as for exanple venting,
both 30breathability and s r I tggr Lt sary for peak
performance of articles. | - NV, conposites utilize
durable materials, but conprom se breathability to achieve durability.
Addi tional ly, ther E)@aﬁdéaﬂwompmméfstsWékﬁ@’fdé@“P‘FFEf(éPﬂ“FE? kirgh degree
of breathability, but are lacking in the necessary durability for its
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fl uor opol yner | ayeL and a 10coherent irregul ar network of thernpplastic
particles att Jhiokigh: Ha sems aprlications, the expanded fluoropolymer is attached

to one or more support layers that provide dimensional stability and

20  mechanical reinforcement. In addition, some applications expose the
expanded fluoropolymer to high temperature or aggressive chemicals,
limiting the type of support materials that can be used. In these
challenging applications, it is sometimes necessary to use a
fluoropolymer support, and in particular, one that is stable at high

25 temperature. Fluoropolymer support materials such as non-wovens,
netting, fabrics, felts, or other porous fluoropolymer materials are very
expensive, have limited availability and are difficult to attach to other
fluoropolymer materials such as the expanded fluoropolymer.

Further, in many applications, such as for example venting, both

30  breathability and structural integrity are necessary for peak performance
of articles. In this regard, many prior art composites utilize durable
materials, but compromise breathability to achieve durability.
Additionally, there are many prior art composites which have a high



descri bed herein. In one aspect of the invention the porous article has the
coherent irregular network on both a first and second surface, and in other
enbodi ments the coherent irregular network is only on a first surface. The
por ous arwpcebr/i3gsoper mreabl e and in sonme enbodi ment s t hePCHFAS105w36

resi stance is ess t 0 krayls and.greater than 0.24 krayls The
porous articl (9Ir ?ﬂggﬁai lﬂtyl ?ﬁ%ﬁ("i’c‘]%' M%@ésaw dyaelliBhisdsment s as
bei ng di mensi epplicstichy. | ity and having a percent area shrinkage of |ess
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enbodi ment the expanded fluoropol ynmer is expanded PTFE. 25l n one”aspect of
the invention, the coherent irregular network is provided with open areas,

and in some embodi nents t hes 2 I than 50 mcrons in
size. In addition, a coher enstﬁ&ﬁ@ﬁ Q?I@Eﬁ"%ﬁhﬁug bridging is provided

in sone enbodi nents. The coherent irregular network is further provided

h t hi ck : ' t t
Chan 5 mi crons. bt Toreds gHickY bl anapaffcd Blioldbdl B BYBPRRIEN, ont’ on.
t he coher éft CPPEEANt Hregidaipeivark opthermeptastinpadiidles atiatlyechtheBptovareue of
greater than @@sﬁhb‘é&ﬁéréﬁﬁ‘ ﬁioh@%be&"&ﬁtﬁé‘fr‘f\%‘ﬁﬁoﬁﬁhé Er é’rﬂéleaﬁéé cle. In

sone enbodi ne herent 1rreqular network 1 s provi avin a BET 35

ts
surface area E)\? ﬁ?h‘?rgggfrr%%@rﬁ@)’vﬁ an @otha drsiandesassmdfsniasepan
0. 25n'2/ g and ofimdYZdrgbodiments the d:cﬁhéi“@ﬁﬂrr%@bﬁﬂllméﬁ( i féﬁml)ﬁ@ﬁ@rfﬁgﬁ irr egul ar

Cher mopl ast | ¢ PSS odBEREPGS 3HisTs bt hBRDILaRLln S5eiameodmaniale (ver) of

bet ween 013g/ spetific resistanog/id GssithaT2400 lkeayt® phd greatet thant 0124l krapls. used to

Smake the cohehg or?&%%?wlé‘gfﬂ%t&%@gnf |ﬁ]yéﬁ't| rgmggdﬁggb@odﬂ uorinat ed

et hyl ene propyl ene nor'e specifrca iments, this
FEP i s provi déihesimagtsaas hﬁngﬁlmeag@nah%tﬁbmtwgmdbavmg arperceoharesnt

irregul ar net ‘éﬁﬁhkégb éﬂ@@s @lﬁﬁ}?dﬁ% ﬁ1éa§uF€ QHdi G% A&é’d ﬂéré?ﬁ”prlhs' ng one or

nore types of 88 y in hese i ments, the polyners have
different sizé& Eﬁﬁp&‘e B‘ProHﬁlﬁ’f‘ﬂ% %ﬁ%&&@?@@m%ﬂs %IQV@'@drfﬁ' ith Ang

te{rper Et ut@ orcoMetent irregularnhétiverek ﬁawnglawga&erhns@éh 69aar&Abosddegul ar
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nat ure; wherein
than 500 microns. In one aspect of the invention, the coherent irregular
network is provided and defined by an Sp value of greater than 35
microns on at least one surface of the porous article. In some
embodiments the coherent irregular network is provide having a BET
35 surface area of at least 0.35m”2/g, and in other embodiments between
0.25m"2/g and 5m”2/g.




Fig. 1 is a SEM photom crograph of the surface of an exenplary embodi ment
of the porous article. Fig. 2 is a SEM photom crograph of a .
cross-section of an exenplary enbodi nent of the porous article; 35Fig. 3 is
a SEM phovorotya3ggoaph of a cross-section of an exenpl ar pCEfisSedlil /48086 of t he
porous article; Fig. 4A is a SEM Ehotom’ crograph of the surface of
an exenpl ary enbodilfsemeembedimentsibe sphewingjrregular ndtimprk 4@mipsisas SEM

hotomi cr ogr aphemhoplastiOAsoRPBHiNEY, 8hd 3BnRXGTRLES haiRpMdRNt Of the porous
grt icle; 5Fig % ig@a ISEM %hgtgl | Crogra 0 a fluoropol yner

. of ‘a powder
particle; fluogppplygers ate riav %’r‘r’i‘£ AJHei4 fiewdndex (MED o begween
f1 uor opol yner l(‘pag/ﬂiomm.;and 109/1Otmin.I Th@-théﬁné@a@tiosﬁﬁd78 r_Bb@FyﬁfSErQMIs@Grtéph of

. : .. Fig, i S, a
Phot on or ogr agliAks ik (oAl REGI cBtwerk i Sebe PEitIMeRs, Fig gA s a
SEM phot omi cr dlyosiphtest ethiilensyrbpglenef(FER) erdmporer spezifivady,narsonsd f t he porous
ticle; 15Fi 1 : 01 -sgction of an

2>r<elrrpl ary em%&?ﬁé‘%@ﬁs’?ﬁ%ﬂ%‘?Eﬁ@ﬁﬁ@n%n%ﬁ%ﬁéﬁgﬁ% a cross _
sectional depitP9dRMIR. an exenpl ary enbodi ment of the porous article having

a support material ;The coherent irreguthr nEBwbik it SRS 8mb® H\é’ﬁ'l%'i's ﬁ%\}i&éi on of an
exenpl ary .enbodi nent .20o0f the porous article; . kI g. S a Cross

sect i onal lﬁepia&?%ﬂp%?'n%ﬁnéﬁrfﬁ@@rwp@% APl @nd teeTpBrdiRess ti cl e;

Fig. 12 is an dnsboditments,degipolyngrsdfavaniifrenpiatysieap &rmgsltingf the porous

article; 25Fi %Lhﬁi'g’égﬁ‘%l??sg?ﬁ?@@?e'ﬁt”é ?enl%}oe%‘?gri_ecctlr'é@?,.m an exenpl ary

enbodi nent of s a surface depiction of
an exenpl ary enbodiAfae standing filpoobasherent trtegular network is prbiviged14 is a

C ot . i E . | cl e;
Flg 15 5 a qoeploafies dRTR R pe S RBOIE MDA bR BB IS s
article: 15 free standingfilm and porous article of the present invention are provided
having an oleophobic or hydrophilic treatment is some embodiments. In
addition, a support layer affixed to either surface of the porous article or
free standing film of the present invention is provided.

20 BRIEF DESCRIPTION OF THE FIGURES

The foregoing and still other objects of this invention will become
fully apparent, along with various advantages and features of novelty
residing in the present embodiments, from study of the following

25  drawings and description of these embodiments. Wherein indicia of
reference are shown to match related matter stated in the text, as well as
the claims section annexed hereto; and accordingly, a better
understanding of the invention and the variant uses is intended, by
reference to the figures, which are considered as primarily exemplary

30 and not to be therefore construed as restrictive in nature; wherein:

Fig. 1is a SEM photomicrograph of the surface of an exemplary
embodiment of the porous article.
Fig. 2 is a SEM photomicrograph of a cross-section of an
exemplary embodiment of the porous article;
35 Fig. 3 is a SEM photomicrograph of a cross-section of an
exemplary embodiment of the porous article;



Fig. 16A is a cross sectional depiction of an exenplary enbodi nent of the
porous article; 35Fig. 16B is a surface depiction of an exenplary

enbodi ment of the porous article; Fig. 17 is an isonetric depiction
of a pin WO20E2/08880h an expanded fl uropol ynmer nenbrane p@CTarsaia®swye t he
pi ns; Fig. 18 is an isonetric depiction of a pin frame with an

expanded f 1 uropol ynkig. AnibraBENpedtomidrograph ¢fithe BuFacadf apaixchiliss

di spersed 5t heg@8Bdi i &%A:? i.5.2a SEM phot om crograph of a first
surface of a free sltrgennc}iorgéﬁécgﬁrer en rjtl?Irer‘ egul ar network; Fig. 19Bis a

SEM phot oni cr ogr aphFigf 4B i§ @coh phatericsograph dfracerostaedtioy of aher ent

i rregul ar net vexdmplRdeABodinedbfitie Rorstd om crograph of nenbrane A
DETAI LED DI%SCRI PTI %}\Iﬂddg.TH%%g\/ NTI Q%ODescéf}?grgd herein are porous articles
conpri si ng’a porous' '95P1'%8r IRﬁPPé‘P Khegrapb o ér rawdenA ey fluaiopoltoer k of a

t her mopl asti c.padrtielecoherent irregular network conprises particles or

el ements of the'r agt | t are attached _together and in one enbodi nent
are attached or agﬁ@beﬁt‘%ﬁ?@ P;SIS’F?JUWW&BE&&& F B, @ T erapalydgy that t he
f 1 uoropol yner Rartieleantially retains its porous structure. For exanple, in
20 sone enbodi ment sgifheaval | ng. Frazier nunber, and Gurley
are subst gﬁti al | ﬁ t h‘g z%rri% #Jg‘?'\'i Eé‘)t?ﬁﬁgﬁrogﬁ%‘fﬂyﬂi?o‘%%?%¢eaQHSV%OHSQ“PG%'[ t achi ng
t he coherent i @9! ar network to the surface of the porous fluoropolyner.

The invention will Hg. PR RISEM IMdtdnlced EHQﬁIpBQ/QIe'F%faOﬂIJOQ%QI_grqe{ will be

25description %gﬂlfggures which illustrate certain enbodi ne
apparent to t REEC'Eki 1 1ed in the art that these enbodi ments do not

represent the full Fgofkioh SHM phavehickedraphict thé SuBs&R8F Xn 2RBN Téarpl ein

t he form of V%rrﬁ@@if?{éﬁ]tgﬂ&\eg&w vgl ents as may be enbraced by thg clfains

appended hereto.” Furthernore; e t%rﬁl‘ﬁ% described or illustrated as part 30

of one ermBédi ment Y. &8 ivs &EMiphotamictdwrapk fadirosssetiforybeas still a

further enbodigi@fipla t%hﬁfﬁé)imﬁﬂ%?ﬂﬁéﬁl&toug%ﬁiﬁgppe of the clains extend to
nd.  enbodl ment's.

all such variati ong..and. _ - shoul d be noted that any
gi ven range presentd@ hisr@rrpssseactiopaldiapiction ofanexeraplanaethbaldimeasser

i ncl uded ranges thé-porarisadmitie. havindPsaBpak PCT/ US2011/ 050636 range of
F 4 Bé 8%%){%@@89 and the like. Thus, for

from 45-90 woul d als0 @Cl ude 50-98; é .
exanpl e, the range & 9553 57058 S§6Y0h depiction of rsexaroplaskamblodjmente r anges
of 96% t 0209. t¥thedpotstanti®l®; 7% and 99.91 to 99.999% 5In one aspect of
the invention, thegc r Lrr .ar_network i.s attached to an, expanded
f1 uor opol yner | ayerﬁggm %%Ctg)sgﬁgﬁg% all‘%@\é@'ﬁ@s‘g A3 eiBRIapy erbaginant e
greater than 95tha pawustastiele] n t he
Fig. 12 is an isometric depiction of an exemplary embodiment of
the porous article;
25 Fig. 13A is a cross sectional depiction of an exemplary
~ embodiment of the porous article;

Fig. 13B is a surface depiction of an exemplary embodiment of
the porous article;

Fig. 14 is a surface depiction of an exemplary embodiment of the
30  porous article;

Fig. 15 is a surface depiction of an exemplary embodiment of the
porous article;

Fig. 16A is a cross sectional depiction of an exemplary
embodiment of the porous article;

35 Fig. 16B is a surface depiction of an exemplary embodiment of the
porous article;



surface scanning electron mcrograph (SEM in Fig. 1, the coherent
irregular network 20 of the porous article 10, conprises attached 10

t hernopl astic el enents 16 that have been fused together creating a network
havi ng colfieot2/a3gsoporti ons 96, porosity 18, and open ar ®a3/UB2011ASEBOSS
sectional SEM of one enbodi nent of the porous article 10 is shown in Fig.
2, wherein the coh&igrit7 israreigamatricdepiotidn 20a ipin frameckitl anaexpshdad by t he
attached area r vhner 12 at only a portion of
t he adj acent ?gg?%gr'n’;@%F H\%ﬁﬁﬁ??ﬁﬁfﬁ&%{jg} tgg%ﬁ?her depicts bridging 34 of
the coherent irregfiGr!igabisrmetiadepigiomel agintame wéyrsrexpanged ween t he
coherent i1 edlurgolyiabmmiiniana péribhite@handpind biparRieypbAyer 12. The
t hi ckness pof Ehe coherent irregular network 20 in Fig. 2 is approximtely
200um and the hﬁfef)ﬂi ckness of the expanded fluoropolymer 12 is

appr oxi nat el y 10umFigiHéApisra8&EM phoohdcbyraiepbts dcstisurfaicg.of d fress a coher ent
irregul ar net ; ' .22 and the expanded f| uoropol yner

| ayer 12 as a\é&@éﬁcgﬁ?%gyge;waﬁ%%@@% sectional SEM of anot her

enbodi ment i s proviFigd 9Ehisa §EM pholestieiograpteot hisekord sudace hta drelger ent

irregul ar 25 gefnMMKcelferent RRIMUMY MBWBHY ahdbum and the thickness of the
expanded f| uor opol ﬁ%r | a er%%{z I'S apprd% mately 114um_ |In addition, the

ay
differencélin the AhleSSEM pReteRHE@oraribPopEMPKaRe dnd t he coher ent
irregular network in Fig. 3 is nmuch less than difference in the thickness
of expanded fl uoropglynwreand 5% OIS ¢ I E=le gtwork depicted in
30Fi g. 2. Both Fi g.—2—afer+g——= OW—HHE v—+o—+N t he coherent
irregular network 20 and attached areas 32 where the coherent irregul ar
network is attache ; RS only a
portion of the adj g)cetgg{lb‘?ﬁgi%gégﬁ%gtsggﬁde%rﬁg%%ess ergsﬁ}?{%é#?ﬁ% coherent WO
2012/ 03380 PCiilospolymecasse doheegntlireguiat network of aeeemqeasis The
f I uor opol yner C‘é\n bg.madc? totbe 20 or .hi%her. ?\s de%i cte iﬂ Fig. 2, or nuch
lower, such aSCApiSTOLIGRHIRN VetVork coaprises particlas of .e'“ﬂ'i'gsf’ i ckness ratio of
the coherent tﬁérﬁﬂwI@gticrtﬁbwé%ﬁébhtea%géma@ﬁa ih bHE'PRB iRt 6AN be made
over a large range, such as 5 from5 to 40, or 5 to 80, on the high end
wher e there i 8ttached at pdbergd tarthe pareumiluasppelymer dhenema way thpiithe net wor k,

and rmuch | owe o - ratjo.between. 0. 25 and .80.
In some enbod?I%%@Wrﬁér@y@sﬁ@t@lgir?%grfsei?%lgp?q%estr EPent®"iFPERIF A net wor k
to have veoy bkbild embbdintdntetiie Valued forexutsbig dint OF o iir oR@hBEreBnd AS shown in
Fig. 2, and Fig 3 and Fig. t he coherent irregul ar networ k has an

4b
attached ar ea @pley 38 $ubstanialwthasamedooinesiuorapelymenbefaetandmftar it ed by
any theory, ituLsnihely 1, Rk ML Zd f e coherent
irregul ar net \%E?Ehlpg t?ﬁésgﬁiﬁ&é@Lﬁﬂl}%@% %/Jr}@reaér%rgau%@qb%%hof%%er
permeabi | i ty. flAoropiolyaedéred area rati o can 15be determ ned by analysis of a

Cross section SEM erein the length of the attached area depicted in the
SEM i s neasured ana-\f'\‘,gi'w l?nb\y'”tbr?eg?ﬁ% gdiwith-referense te flee foliowdaght regi on

shown in bhe sRUEipHeH antPaGurebihioh IREHER S6ean MbAiITRAD I URfige! O be very

| ow, such as less 't or higher suc nore, desirably
bet ween about appatent to thaze. skilEd inihs astthpt theisegmbddimaats Hatnobr i dgi ng of

t he coherent irrequl etwork exjsts even for relativel hi ck, coher ent
i rregul ar net \V%‘?rﬁg?néi‘fagtjﬁ ﬁﬁo%%oﬁg‘ﬁi'ﬂéﬂ"t%‘”ﬁg’gds Il?é‘P@ﬁYl aggh &N Bdescri be

the gap or po¥&ed bvARItRSEd Sy FvaIEAGSOMal R EMBARYRY tHeosiaR yrer and
the surface of a connecting section of coherent irregular network between

25 two att achegpeededheretsr Faghagnee, ifeatsrasiesanibeterdiiusmtedasipantal SEM i n
Fig 2, ang,3 e S r w..gaps  bet ween .t he, coherent irregul ar
net wor k e?%ne\r?@gﬁﬁ%@ﬁ%ﬁ%%@ﬁ%&éé;‘ﬁwgﬁﬁ‘(?"ﬁﬂ%‘?%%m%\f?0 y'el‘:?Stt" en areas
as used herei furthier ebebodie@nas Itas Gasnddd Bt 8% yopdiof the (8RR extbnd s egul ar

network that extend coq Ietelé/iet hrough the thickness 300of the material. As

shown in Fig. @l sueRhyapgheneand epragimantsnet wor k 20 does not conpl etel y
occl ude the surfaceﬁéﬁf u&ﬁ]ﬁ?%P@dﬂ'gﬁ?ﬁé&%ﬁ@n&%m%@nt@aq\%@ﬁ%h’ and t he

areas where the expande uor op can be
intended to include any and all lesser included ranges. For example, a




identified through the coherent irregular network are open areas 14. WO
2012/ 033804PCT/ US2011/ 050636 The "size" of an open area as used herein is
defined as being the distance of the |ongest straight |ine that can be

drawn acrwue0t483s9pen area openi ng as shown in Fig. 8A ROU/USR¢1/03®A¢ For

Crreouiar netaops R 4B wauk R iR Rirt S Bkt bueDe Ao Ter e B i o ze
as shown, and P, fdrPxansple, Bierbage oPolbrio 99 boee, él%law%%eg,!fbm of coherent

i rregul ar network having an open area 14 approximately mcrons in size
as shown. Conr®@mple, therrangeas of 96Hetoctthdde 96.3% te YL %, ard @rK tas used 10
herein is defig{%@g@% a segnent of the coherent irregular network that is

attached at either end to a particle, elenent, or other connecting portion

of the coherent irriagueadspeet vothe indentidhoWie tohdredt irfeguidrhet@drieRd 19A.
The expanded fl uoropol yner can be made out of any fluoropolynmer that can be

expanded to nekiachedde snexpandsd fiveranalyraet laypeand hias goswfanat eri al s

i expandod iegagas et MRS, RIGE FoaRHinalNauhy Asiihd i R Ro 7T
O A T i v S it b A

at . .7, apo , , U S, . )

11/ 906, 877 ( FAFEYY aénegm{b%%éhe@@m& %&'ﬁ@w&&wm&a@mﬁ%ﬁh@d can be made

to have aibr ORREhEashesichidhid 26 thithARAde g 588 10SnBPERENG | ©| € 1S

intended for. The expande | uor opol'y e na ave ubbl e poi nt
greater than Jebwork hawviag eonnéctimg2sorisns §6cpvresity H8naddppen ageasti¢r t han
75psi, greater than,100 . The expanded 25

i 5 i nd 150psi
f 1 uor opol ymer | ayerA&éﬂg%ééﬁg)&‘éﬁ)smgfﬂ?%gﬁ@ﬂ“%t %fgtglﬁd%@?r‘ﬁ artigle urn

thi ck, or thiclo SupbuaSindTigat AndeaNtntdBtdlifkquibhRefraRied
fluoropol yner | ayer can be made to have a w de range of perneability, or
speci fic fl owatiesched s shewn byithe ettankedareas®2 tedbé ekpsnddéd articl es are

nmeasur ed in I ter and/qr, a Frazier test as described

30her ei n; Lf?or q'é'?r@%@%rﬁ%g/??%Zg’gﬁlv%faﬁg@nvﬁqlthe gl%&ﬂgé‘?@%’a%pntﬁﬁagdg‘ﬁéci fic
flow resistanddgq fdﬁlﬂf@fld%f)idm'bﬂbgihg I skl cohBreMWrédg@BRhefwbridgol ey seconds
and inversely proportignal to the Frazier nunber as defined bel ow krayls =

aurl ey secondflongrthezadjaggntreamnodseeneeTy thisxoherasitegular agiveork 204, 4921 /
Frazi er Number, IS ido S * second per neter or
(kPa s / m. anﬁnﬁe%ggggéﬁlgégﬁgﬂ?yu&ééroﬂsg?ﬁ%r ﬁ%ﬁ@%ﬁéﬁme have a

speci fic fl owcobsrettdmegulbehewmerk 20d0tFiR40R appyXimatelyRodLnkBad ltise  OF
bet ween a28ut rtr?i2400 krayls and 0.12 krayls. The greater the specific
. 0

resistanc Qk%@%s_ §expRRded dlgo @1 2 tsepPRyexisately tGume The. The
e sesoct o ofT8e SHEIEGBEGERITR FRIDIGRSF ko PRI R 5 0,
Tabl e 1 have asrafitgésoffage dRenditas expdnded fluoropolymer layer 12 as a
second surface 24. A cross sectional SEM of another embodiment is
provided in Fig. 3, wherein the thickness of the coherent irregular
25 network 20 is approximately 126um and the thickness of the expanded
fluoropolymer layer 12 is approximately 114um. In addition, the
difference in the thickness of expanded fluoropolymer and the coherent
irregular network in Fig. 3 is much less than difference in the thickness of
expanded fluoropolymer and the coherent irregular network depicted in
30 Fig. 2. Both Fig. 2 and Fig. 3 show the porosity 18 in the coherent
irregular network 20 and attached areas 32 where the coherent irregular
network is attached to the expanded fluoropolymer layer 12 at only a

portion of the adjacent region 30. The thickness ratio of the coherent



10characteristics that denonstrates the wi de diversity of expanded

fluoropol ynmer that can be used in nmaking the porous article of the present

i nvention. Table 1: Expanded Fl uoropol yner AreaBubbl e ExpandedThi ckness

MassPoi ntwel2or238804mer kra |Isurn/m ' 2kPa 88 55 22 165PCBU32013/03636 <10 C

103 5 3.6 710 irrgggl'a?ﬁetwork to the expanded fluoropolymer can be made to be 20 or

higher as depicted in Fig. 2, or much lower, such as approximately 1 as

depicted in Fig 3. The thickness ratio of the coherent irregular network
to the expanded fluoropolymer can be made over a large range, such as
5 from 5 to 40, or 5 to 80, on the high end where there is a relatively large
amount of the coherent irregular network, and much lower, such as 0.25
to 5, or any ratio between 0.25 and 80.
In some embodiments it may be desirable for the coherent
irregular network to have very little attachment to the expanded

10 fluoropolymer. As shown in Fig. 2, and Fig 3 and Fig. 4b, the coherent
irregular network has an attached area 32 along the adjacent region 30.
Not wanting to be limited by any theory, it is believed that minimizing the
attachment of the coherent irregular network to the expanded
fluoropolymer results in higher permeability. An attached area ratio can

15 be determined by analysis of a cross section SEM; wherein the length of
the attached area depicted in the SEM is measured and divided by the
overall length of the adjacent region shown in the same SEM image. The
attached area ratio can be made to be very low, such as less than 0.1 or
higher such as 0.8, or more, desirably between about 0.05 to 0.25.

20 It was surprisingly found that bridging of the coherent irregular
network exists even for relatively thick coherent irregular networks.
Bridging as defined and used herein is used to describe the gap or
porosity between the surface of the expanded fluoropolymer and the
surface of a connecting section of coherent irregular network between

25  two attached regions. Bridging 34 is shown in the cross sectional SEM
in Fig 2, and 3 where the SEM clearly show gaps between the coherent
irregular network elements and the underlying expanded fluoropolymer.

Open areas as used herein are defined as areas of porosity in the
coherent irregular network that extend completely through the thickness

30  of the material. As shown in Fig. 1, the coherent irregular network 20
does not completely occlude the surface of the expanded fluoropolymer
12 underneath, and the areas where the expanded fluoropolymer can be
identified through the coherent irregular network are open areas 14.



<10 15Menbrane A was nmade according the teachings of U S. Pat. No.
3,953,566 to Gore and is further described as havi ng nodes 92
interconnected to fibrils 94 as shown in Fig. 20. Menbrane B was nade
gener al | yWPap1200a889¢ t he teachings of U S. Pat. No. 5, 812CA052910/0Brvacca et .

al . Menbrane C was.nad enerally follow ng.the teacghings of, U S. Pat.
20No. 7, 306, 7%55‘61 S0 A ,OPSP.a@%.aS hergings '”ﬁa@é’ﬂ%éﬂ%#émy fol | owi ng
the teachi ngs ditakbeSof ﬁ’%tlon%@st shial§it [hdInh0cHBé Pawn acrossthE dpeher ent

irregular network that may be attached to an expanded fl uoropolynmer or made
into a free stt4@dORgniACtascshove’ iMER BAdNserigi A9As Forexhemde Fig. i8leisul ar

network of th S i | S ched. 25t oget her .. .The term coherent
as used in de%r %g&t%%ﬁlc%béﬁc{u i?rﬁé%ﬁogfprﬁé'?%%?%ﬁﬁ%érr?gl"é{?r the article
conpri ses &l emetwsrketidvieg ax@pencraaddt f5hroRaeitaigr3sauairohain sibe agrticl e can
be free standi ngw and therefore does not_ include discrete particles that

may be attach&HOW@, and gt 194 s a sudace S5EM plia figs standipg dimediocpbetaiit ed ont o
the Doner ent  Teanat HRlork haBliohPoodi Brd A abbfiHafy 20 WRrisdRer ny

t he coherent irregul ar ne nean the er ent
i rregul ar net wizekasshpwnses connecting portions that do not have a

consi stent dianeter,  or 5¢ross-sectjon area across along the length of the
connecting porti onsc%kﬂe\ﬁ@@ﬂ ppﬁtfcg}g#etgpiqg erefit i dahnemiark @stusest her

connect i NgoPOHekdIRSs dePRéd b |aes%g?g?rﬁgﬁqﬁé‘5§her%ﬂﬁirf§;ﬁﬂ§j %tﬁoﬁgﬁgaft gt

i ncl uded spun bonded, woven, or products t consi s i bers
havi ng a consiattaehed at ekersad toom phrtivles leMbat, toe ptheTetonmiektiag pogiet i n

defining th t 10 | t wor k s that indiyid | ts of
the coherent OF PEERIERb L REAE HetEHH B ShPum 9okl GBI o pr ovi de
a contiguous struthelekpahbed ﬂQBpr@IVmérréeﬁ'gHé%ad?émfl%\ﬂlyzﬂlfdﬂéﬁ&?{rhegﬁ' ned

as conprising porosity between the "attached el enents throughout
t hi ckness sucihatinan heexpandadin make eqaraus ast werieablepantioles saitable

15 bl e. [ | t K i till t defined
ssperreats:  FifhakThalke SRR (0B mes s DRSSO, 5 e
used to creat exphrded PIFE) andraxpantad phed s kadewlth PoRenddrdd cl es having a
hi gh nol ecul ar wei or_low nelt flowindex (M-I Particles with I

val ues 20 bet \ﬁ@éﬁri%}é"%‘iﬂl&ﬁﬁthP- @7%,H4M5Fﬁﬂ0@sﬂgég)a&b8r BahdNa.o thehI\/FI
hod descri i s i i i i VEI
Val uos gr eat et HISEE el B8RS, PEEING'™) Ba1 BRMTREboREIA G0BRLY 1\,

addi tion, flukk8pPattApplipation bloed 1/906|8%H (Fpré)tandahellikei ted to FEP, EFEP,

PFA, THY, @VDF, CTI?% and thg f},li ke, and m xtures thereof are desired 25in
sone appl PRati ons. TPREMMENIG flyotonalymenaan be made imbaye psopREESt 0 nake

R rSal b nas PP B PSSR SHAR TR RS ol T, LR
unl ess ot her wexpandedtiuo@polymer may be made to have a bubble point greater
than 5 psi, greater than 25 psi greater than 50psi, greater than 75psi,
greater than 100psi, or between 5 psi and 150psi. The expanded
25 fluoropolymer layer can be made very thin, such as approximately 1um
thick, or thick such as greater than 10 mm thick. The expanded
fluoropolymer layer can be made to have a wide range of permeability, or
specific flow resistance as defined herein. Permeability of articles are
measured using a Gurley Densometer and/or a Frazier test as described
30  herein; for simplicity these values will be converted into a specific flow
resistance or krayls, which is directly proportional to Gurley seconds and
inversely proportional to the Frazier number as defined below:
krayls = Gurley seconds X 7.834



Table 2: Melt Flow Index (MF ) Powder Type MFI g/10mn Tenp. C Load kg # of
Sanpl es Tested Standard Deviation A FEP 0.558 372 2.16 N=5 0.218 B EFEP
20- 30* 265 5

WO 2012/033804 PCT/US2011/050636

krayls = 24.4921 / Frazier Number

The value of krayls is in kilo pascals * second per meter or (kPa s /m).

The expanded fluoropolymer can be made to have a specific flow
resistance between about 2400 krayls to 0.61 krayls, or between about

5 2400 krayls and 0.12 krayls. The greater the specific resistance, or krayl
value the less permeable the porous article is.

The properties of four different ePTFE membranes, all provided
by W. L. Gore and Associates Inc., are described in Table 1. The
membranes described in Table 1 have a range of properties and

10 characteristics that demonstrates the wide diversity of expanded
fluoropolymer that can be used in making the porous article of the
present invention.

Table 1: Expanded Fluoropolymer

Area Bubble
Expanded Thickness Mass Point
Fluropolymer krayls um g/mh2 kPa
A 88 55 22 165
B 0.45 30 <10
C 103 5 3.6 710
D 0.24 <10
15 Membrane A was made according the teachings of U.S. Pat. No.

3,953,566 to Gore and is further described as having nodes 92
interconnected to fibrils 94 as shown in Fig. 20. Membrane B was made
generally following the teachings of U.S. Pat. No. 5,814,405 to Branca et.
al. Membrane C was made generally following the teachings of U.S. Pat.

20 No. 7,306,729 to Bacino, et. al. Membrane D was made generally
following the teachings of U.S. Pat. No. 4,902,423 to Bacino.

The coherent irregular network that may be attached to an
expanded fluoropolymer or made into a free standing article as defined
herein is a coherent irregular network of thermoplastic particles attached

25 together. The term coherent as used in defining the coherent irregular
network means that the article comprises elements effectively connected
together such that the article can be free standing, and therefore does
not include discrete particles that may be attached to a substrate, such



C PFA 5.97 372 2.16 N=5 0.269 * This value was reported by the supplier of
powder B. Powder A, or FEP-NCI 500 and Powder C, or the EFEP powder 5were
both provided by Daikin Industries, Ltd. (Orangeburg, N Y.). Powder B, or
PFA 9724 wa20eu(spsoted by E. |. du Pont de Nenmours and CeepARgI110W6Beri ngt on,
DE) . The shze o ar.ticl e %{t be selected to provide a specific
net work havi ngSa %Qppéh 8§'V?§°afﬁ’é{m 81 exranded fliuoserolymes or surf ace
10 roughness. sppRRaf. t'I"I*n%th'ﬂ]rhtn‘r%;l%r H§%Qe&%§éﬁtﬁﬁ§tﬁ@‘éﬂﬁ%ﬁf farf'ﬂla];ac;nleélI egul ar
network were anal yzed for particles size as bed herein the data
is reported |metwmlémansmathemrucnmemmaqmqrent||rnelgella3nm/v6MA) i s between

d t hat | 1 d | arger
cartiol'es o meuiRsEs aaRnelhe porishs it g PaFas S copamtant Fiamaseon o be
used to creat %rb@sé@ﬂtﬁf@ﬂé@ édrb@gaioﬁ@ tﬁ@‘lé’i@tﬁofﬁ%c@ﬁ??égﬂh%)gff‘féﬁsd es as

small as 5 to 20 urn, may , or particles u m nmay be used
or any size trhﬁtwe%wt@@ectlsmr ﬁ%@@yn@mtssmﬂ'eothebodnnmﬁr@ pdrtipasticles 71

Fig, 5 | wd A7 Fig 6 is
Sowdbr C 74 albriids Br SRS, S1dinbuetthehBed o8 BolbBRRbgnA T ani o 5. The
surface area @Woﬁdﬂﬁot‘fﬂflt%‘el mowetrs&hathmsustﬁ oFflgers%éMg)H%nElsgent%r

nmeasured as descyr.i bed herein, and powder B or the PFA particles had a very
hi gh surface &XFEHON raéﬁﬁeThQ T '1%%0217(93 ugedrie gefinieg the C@hbr&mM Hi gh

U IE k)t 8 D R A R
network are effectively attached together to provide a contiguous
structure. The coherent irregular network is further defined as
comprising porosity between the attached elements throughout the
thickness such that the coherent irregular network is porous and

15 permeable. The coherent irregular network is still further defined as
having open areas.

A wide range of thermoplastic particles could be used to create
the coherent irregular network, including particles having a high
molecular weight, or low melt flow index (MFI). Particles with MFI values

20 between 0.2 and 30 g / 10 min when tested according to the MF| method
described herein may be more desirable. However particles with MF|
values greater than 0.1 or less than 50 g/ 10 min may also be used. In
addition, fluoroplastic particles including but not limited to FEP, EFEP,
PFA, THV, PVDF, CTFE, and the like, and mixtures thereof are desired

25  in some applications. The MFI values for some of the particles used to
make the coherent irregular network are provided in Table 2. The data

reported in Table2 was collected following the MFI test methods provided
herein unless otherwise noted.

30

10



(urn) (urn) (urn) Powder A 54.84 8.55 30.1 Powder B 29.27 11,6 22.06 Powder
C 27.63 12.6 21,65 Table 4. BET Surface Area BET rnA2/g Powder A 0.365

Powder B 13. 495 Powder C 1.584
WO 2012/033804 PCT/US2011/050636
Table 2: Melt Flow Index (MFI)
’ # of
MFI Temp. | Load Samples | Standard
Powder Type 9/10min C kg Tested Deviation
A FEP 0.558 372 2.16 N=5 0.218
B EFEP 20~30* 265 5
Cc PFA 5.97 372 2.16 N=5 0.269

* This value was reported by the supplier of powder B.
Powder A, or FEP-NC1500 and Powder C, or the EFEP powder
5 were both provided by Daikin Industries, Ltd. (Orangeburg, N.Y.).
Powder B, or PFA 9724 was supplied by E. |. du Pont de Nemours and
Company, (Wilmington, DE).
The size of the particles may be selected to provide a specific
network having a desired porosity, permeability, surface area or surface
10 roughness. Some of the particles used to create the coherent irregular
network were analyzed for particles size as described herein, and the
data is reported in Table 3. Note that the average particle size (MA) is
between 20um and approximately 30 um. It is envisioned that smaller
and larger particles or mixtures of two or more different size particles
15  could be used to create the coherent irregular network. For example
particles as small as 5 to 20 um may be employed, or particles up to
100um may be used or any size there between. SEM images of some
embodiments of particles 71 are provided in Fig 5 through Fig 7, where
Fig 5 is powder A 72, Fig 6 is powder C 74 and Fig 7a and 7b are
20 powder B 76 as defined in Table 2. The surface area of the three
powders shown in Fig. 5 through Fig. 7 was measured as described
herein, and powder B or the PFA particles had a very high surface area,
greater than 13m”2/g, as reported in Table 4. High surface area
particles may be used in some applications to achieve better liquid roll-
25  off properties.

11



5 In sone enbodi nents, two or nore different types of particles may
be selected and used to nmake the coherent irregular network. In one

enbodi ment, different types of particles are m xed together as shown if Fig
8A and 8Byoant/i3psoanot her enbodi nent, one type of parti ®C&UB0IHSEHPPI i ed to
t he expanded f r r l.ayer before a second type of particle is
applied, as sﬂlaﬁ? 8ﬁ%@ﬁﬁ§é‘%d 4B. Using two or nore different types of
particles can a|c1|nata|9|{}|n ' irregular network to the
expanded f| uof opol ymer I?X amaﬁhi perneabl e | ayer to a support

| ayer, or proyde—a—des FFAECHO+ poOrosity, 15surface area,

abr asi on resi sPQMEA |rf;5A-,§4|— oughhelss 8¢ be standing filmstrength, or

el ectrical COJﬂMﬂﬂLﬁLL_E/ or292fg |ikH.6| 2206|In one enbodi ment as shown in
Fig. 4A and 4BPowddricrsi parwsgl e wess pppl.6®f or coated onto the expanded

fl uoropol yner surface before a second type of particle was coated, and
because the particles had 20different nelting tenperatures, the coherent
irregul ar network conprises a distinct first elenment 28 and second el enent
29 within the-[%%@aerg Pﬁg%%egetwork 20. I'n anot her enbodi nent wherein
a first and second par e are applied to the expanded fl uoropol yner
sequentially,|a first paErEIﬂrM?_eg iis chosen to have good adhesion to the
expanded fl uorep@deywer,| 29msd a|second particle is chosen for high abrasion
resi stance. | npswigeBcases1s.agsmy be desirable to apply a nunber of

di fferent partpsh@scsedquentggal Ty, such as 3 or nore to formthe coherent
irregul ar getwork. WO 20127 033804PCT/ US2011/ 050636 I n one

enbodi ment, two or nore types of particles are m xed or bl ended together
bef ore form ng the lieshmeeembodinegnis dwonet morek differdreftppes bbpa'rg'cleppl ied or

t ed to th | | th tjc t
e sel eoted t OTHANE SAISCtLA BB 1 MeknsbPconp BiaaBh aBBYarkr Bart Lol 6
types, such t ke dhiBodigvstt, cﬂiﬁ‘éiérfﬂgyﬁé%réf'ﬁrﬁcléé’ﬁﬁe Fxd$tdgethd a8 t he coherent

irregul ar network, attachi ng the two or nore different particles types. As
shown in Fig. SBBWNHhFig8AenddB,oand i apethenembosiments ppattypsobpartiales econd

ToThe condlen® PP Ll Rt it dhot e b RVEE B8lors RROnEWBS b "t o™

expanded f| uopapiidly ieapifed, asGhowrenFIgEA ad4B. fUseg awaddnigearticle. In
one enbodi nent, the coherent irregular network is formed into a

free- st andi ng difarept pea i Pericle¢amanldn at@ching thrmaheerntriragviapol ymer

{ner e L RGO R balhas 0B B g, ShELPRAGAPR |1

g ’co Irreg may be

attached to tﬂwamaamiexpoﬂ"ﬂ Iayepmlpymmdebwdwatilmme@bﬂwlqmre&mrtI on of the
coher ent %Ee% IHar network to nelt and attach to the i(@a{xqpanded
f I uor opol ¥ ACE SR P AR feRIstancy, g fQuahngss dieasiardingfinsuch as

adhesi ve, or H?tlp%?@lélﬂrl@él cbh@u&ﬁ\}ﬁz or"fﬁeﬂﬁ icted in Fig. 9,

20di scont i nuous attachnents , Sec t he co erent irregular network 20,
and a support nat erlnadbnetémbiodinménrt asxgtaovdrih FigudAopal 4Bea fitst.particle

was applied or coated onto the expanded fluoropolymer surface before a

second type of particle was coated, and because the partiéles had

20  different melting temperatures, the coherent irregular network comprises
a distinct first element 28 and second element 29 within the coherent
irregular network 20. In another embodiment wherein a first and second
particle are applied to the expanded fluoropolymer sequentially, a first
particle is chosen to have good adhesion to the expanded fluoropolymer,

25 and a second particle is chosen for high abrasion resistance. In some
cases it may be desirable to apply a number of different particles
sequentially, such as 3 or more to form the coherent irregular network.

12



I n one enbodi nent, the coherent irregular network further conprises
non-nelt processible particles. The non-nelt processible particles may be
i norganic particle, such as silica, carbon, and the like, or 25a non-nelt
processi BWVO 2pt/03530¢ such as polyinide PPS, PTFE, or th@&cCrjuseeiliopoeshese

enbodi nents, the th r | astic icles or elerrents are attached to create
a coherent irregul aﬁ‘ dirg 'Elt %‘%%Ohm?f?rémesp‘? fRasticlesage prxed eres are

attached ther ¢jlghdd %Elfé?rbefér'é @ﬂﬁrn@rﬂ% SR8t n%%u ?Pﬁeﬂ\%rk oPhefsssi bl e

particle nmay be 30applied before e"co erent I rre networ I's fused.
For exanpl e, ibeingappliasool Med@nto t’r@texpamdadrfluasmpaiymgaperahenmdne or

f h t d.toth
expanded 11 uoRbBRYNEE 17 B o8 Selebir B obsr seeBodBorelEuar ti ol e
s VD 2018/ 03RAOURCTHIERARIOBREISs Plarthe [BNRGANIENE Paridlé By ar net wor k

I's then fused by for exanp heating to a sufficient tenperdture and tine
to cause the i&ﬁ@pfpa’gtth@ cpaererﬁrrré@g ar metwierls aitﬂtrérlwlﬂﬂertmoayuhare net wor k.

tner mopl ast | o v ENCpaRols g Ab BRI o LBt Gs Bhbrfieh &7 1 o o

coher ent i rr edidtaslement\R8 lanartsdesideslefent 20 Bahfdedigthg liSHE® WathiH heand time
to create a coherent irregular network having non- rrelt processi bl e

particl es i nc&Ppsreftdgesyiar Bevask 20ner eon. The coherent irregul ar network

can berra to hav rein

sone appl ?catrons el-1t%e($sﬁr]]3|r?‘f;lace 9@%3%83”‘?@ cotfﬁé]PhS{U%re}rﬁ?degu?ararfr?g? rk made
in accordancethmEhpErx@adelleor?)parymdimnﬂad:an B€ made inépafieedstandihgbl e 5 and can
be conpared with thg'&surface%?rea a 50umthick FEP film or Conparative

Exanpl e 1. Th@"%cd?f 8ng EEPStIMeER) ¢§°|73r§ﬁ'@i'rl§8&|ﬁﬂ'éet8’%§f9rm8@'mlg, and
153. 262 rnA2/ g f&s wg?é?;@é)%'a tﬂé bﬁﬁ%@ H@%@rﬁ%p L{otr&@an% 0.024

mA2/ g surface area of tHhe surface
whi ch is not odwreindhe a‘ttarchnmms apqod:lrscamtrrmws sumhstba’etherﬂmdusrarttcﬁe t he

0,050 m 215, - P EANS PRTIRADIE0 AP 3IeS Stapding eI oSN HK ddd 6.0
m'2/g. Table pebittachetitate AxBand&FAUSOBOY N BAREHtINGeto B(RBR] Sortion
of the coherent irregular network to melt and attach to the expanded
fluoropolymer, or through the use of a discontinuous attachments, such
as adhesive, or point bonding or the like. As depicted in Fig. 9,
20  discontinuous attachments 44, secure the coherent irregular network 20,
and a support material 46, to the expanded fluoropolymer 12.

In one embodiment, the coherent irregular network further
comprises non-melt processible particles. The non-melt processible
particles may be inorganic particle, such as silica, carbon, and the like, or

25 anon-melt processible polymer such as polyimide, PPS, PTFE, or the
like. In these embodiments, the thermoplastic particles or elements are
attached to create a coherent irregular network, and the non-melt
processible particles are attached therein or thereon.

In one embodiment, the non-melt processible particle may be

30  applied before the coherent irregular network is fused. For example, in
one embodiment a first thermoplastic type particle or mixture of two or
more thermoplastic type particles is applied to the expanded

fluoropolymer before a second non-melt processible type particle is

13



0.024 Exanple 7 0.086 Exanple 8 3.263 In sonme enbodi nents the coherent
irregular network can be 25made very thin, as thin as a nonol ayer of the

t hernopl astic particles used to create it, such as less than 20umthick. In
ot her entduOI20E2M138804t he coherent irregular network can b@CFABROMIFWRer, such

as greater th i I um t hi.ck r (.than 100um

t hi ck, great e?BPﬁ%ﬁ%@g&%?ﬁq‘éﬁ?é@'%QQQQ’Q?‘g&n%?MPS?%EX’k,OP§%‘af§>‘8f%en 20um
and 1nmm 30 t hhektin@to Beuiintadeperatbreaed medOwause the th@aibpdist 25um and
WD 2012/ 033804PCT/ US2011/ 050636 250um t hi ck. The thi ckness of the coherent
i rregul ar net RAFEleslp TeEmspeiigrent esuldinggverk. imanelbguemasinenbd t he
application i, [ ; 1 j L.regul ar
network is at e{ié%é%et ﬁaﬁﬁﬂelg rgeggb[éh@é@%%g%g\?dﬂ? ﬂhg@gﬁég?éhe&[r&q?éaléer as
depi cted i f Fagplied mmeﬁﬁphgmdéaﬂubro?mbegr‘&n?)cdﬂemmtt irr@dmmfltwmirk I
irregular network i tacheg to either side of the expande yor opol ymer
| ayer, as dep?@ggl?q?‘?f?fﬁr@ SﬁfgC'SHHteﬁ?RfraM_,e aﬁﬂ&W%?%ere&‘?‘%é RNG 1 r egul ar
network 20 as irP%}ﬁJléli hetwot b a8 e MBA prbBesSAneRAriies RicBrsdtafely L he Porous
article 10. In yet another e Iment, two different type o? coher ent

i rregul ar net Hereinor theeeait.t ached to either side of the expanded

network 20 on the. JBEGHIeERIGEa 35 ne eI SPB B Ade o RSN der ably
net wor on the [ erably

thi nner th@an fsl]ﬁ‘aéé’BPéaﬁWhidhfié%Q\Hélfﬁ?blé%mféﬁin2§brﬁé dopficatidrs! =g face 22. In

addition, in enbodinments where different coherent irregular network are

attached to 18difaeeares gethefcoherentjaagelar Netyorl poagerisr acaaidaneshwitbnt

or oduced 11 omtaet e SrEERATRle SRR RS AR o4 BBLOBP 80 ol es.
For exanple, whth theistifaesareqf 8 50un tiicleRBRMIRd of Dephsarativeexakiplé he
coherent irregular may vary considerably, for exanple fromabout 1. 20Ito

about 1:10, 1:1200heiswiaceareans Example Zoandkyaaiple Bavaged 08f mid/geand The
t] | ABj - : , ' h t
Tt equt ar et ig T Acpisheblily b B Wit S far RERCA (b 0 084 S0CT S0

for exanpl e, @iy shdate ared dithedeEl filln 1 ThelF 2P filrh:Ha@,a flat, $6dotior 1: 200 and
all ranges in between. The ratio cogl d al SOQ%% hi. gher 25t han 1:200. The
porous arti cl 8UEERE ¥AIGHBNGtHesHabledPRiMENy ARMHEaHONS: uipsaspe

embodiments, the coherent irregular network can be made to have a
surface area greater than 0.050 m"2/g, greater than 4.0 m*2/g, or
20  between 0.050 m*2/g and 6.0 m*2/g.

Table 5 BET Surface Area

BET m*2/g
Comparative
Example 1 0.024
Example 7 0.086
Example 8 3.263

In some embodiments the coherent irregular network can be
25  made very thin, as thin as a monolayer of the thermoplastic particles
used to create it, such as less than 20um thick. In other embodiments,
the coherent irregular network can be made thicker, such as greater than
20um thick, greater than 50um thick, greater than 100um thick, greater
than 250um thick, greater than 1mm thick, or between 20um and 1mm
30 thick, or between about 25um and 500um or between about 25um and
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rod. It is well known that expanded fluoropolynmer and in particul ar,
expanded PTFE can be nmade into sheets, or nenbranes, tubes, or rods. The
coherent irregular network could be attached to the expanded 30

fl uor opolWyoep12@g88d in the sheet, tube or rod form or PR&US2NIA05063¢ti Cl e

I n sheet for t £,m r und.to make a rod. As
depicted in &é@ﬂ@h?%%lﬁ%ﬁﬁﬂg]egﬁoﬂh%g@%e gﬁh‘ﬁﬁ%‘ r};?t‘e’8ﬁ(e9aefhpe| rregul ar
network 20 at saRieest Hepadiey partHe dediksmonms] of trs aFFﬁI%t@ﬂ iDgahtepbd. 2 WO
2012/ 033804PCT/ US2011/ 050636 portion of the overa | ength 36, as depicted

by length 38, and é'hOﬂﬁéﬁ%h%me@hgtqqhgmntmﬁ@g@gh@@mrkIl&a@ﬁhe& Onet}/vork °d
f |
fube. but - cour e apoh e AHieRiueR e divmer Bk 38 ERRREEFE L A% Er D Vo

e on t e I nner def surprisingly

found that5t h€igpedBrehbahathgr efbolbmentpandadrdrt ivegual Meﬁmrkﬁs sone
enbodi nents is noﬁeé ganlcantlﬁ% reduced by attachi gglof t he coher ent

irregul ar net RYPRNeT T githglsside pbihe eXxRasderylucseRRlymel laves ﬁﬁa@%ﬁlﬁ lity of
the expanded fj g%%wﬁf %teroﬂlmnggrdﬁéﬁﬂt'lﬁ%%ﬂg ﬁeﬁ%r??@ flecl € after
0 xpan

attachlngthe 10coher ent |rre twork to t aoresal ded
f1 uor opol ymer flrsirsdlrhheQmmth%ewpdrswﬁcerﬂﬂm‘ﬁhe porausiaftizhe €0.7In yet
ner havj ng an

| ded {
"hitial b on FEPRERATIGY R W s Bt HPes o pobe it RGHlRRDeMALk 8 77

Frazier, Q932gks a}tbéhecﬁfd éulthérf‘sﬁfd@bf feemyaindel f%o?&élﬂ{/r%lé ldyer ggul ar network,
as descrl bed 15in Exa . Furthernore, Exanple 5 dermnstrat es that the

coherent irregepiptedit rR1cwhe@r&@thharmrlﬁagelarnetv;v,curke?&(gomthﬂ expanded

fl I ' i, J L gpl d

1 or opol ymr Secdid shiiaP ol € HeBicted b BooR TR BB SRR Fonahsner used i
Exanpl e 5, Wa%ohéﬁéfrﬂﬁﬁ@gthdr h&W@kQ@@ﬂm&tflrﬁsdm@e@erﬁéﬂdlﬁ&ﬁ rinegul ar
network from6.45N to 11.44N, or al nost double. Table 6: Exp )anded

FI uor opol yrer emkadiments whars differantsehersnt ey Wanyetwonk ae Btt@Zh@tﬁq Bur st

(Newt ons) 1 6. 43jther side of an expanded fluoropolymer, the coherent irregular
networks, or coherent irregular networks may comprise or be produced
from different types, sizes, arrangement, or ratios of particles.

For example, the thickness ratio of the expanded fluoropolymer to
the coherent irregular may vary considerably, for example from about 1:

20 1toabout 1:10, 1:20, 1:50, 1: 100, or 1:200 and all ranges in between.
The ratio could also be higher than 1:200. Further, the ratio of the
coherent irregular network to the expanded fluoropolymer may also vary
considerably, for example, from about 1: 1 to about 1:10, 1:20, 1:50, 1:
100, or 1:200 and all ranges in between. The ratio could also be higher

25  than 1:200.

The porous article can be made in the form of a sheet, tube or
rod. It is well known that expanded fluoropolymer and in particular,
expanded PTFE can be made into sheets, or membranes, tubes, or rods.
The coherent irregular network could be attached to the expanded

30  fluoropolymer layer in the sheet, tube or rod form, or the porous article in
sheet form could be wrapped to form a tube or wound to make a rod. As
depicted in Fig. 12, the porous article 10 comprises a coherent irregular

network 20 attached to an expanded fluoropolymer tube 30 over only a
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11.44 25The perneability of relatively | ow perneability expanded
fl uoropol yners, such as that used in the making of Exanple 6, was not
significantly reduced by the attachnment of the coherent irregular network
as repor t\0 2012/0B389He 7. Table 7: Expanded Fl uor opol y mPCTUSEXA01636 6

| n_sone enbodi nents the

13.9 104
S{J[ ggﬁn{en'gsggoqor@g%Bﬁg}ee%\fer?p ,éé@h §F5 ﬁ%fj%ﬁct{e%%hle@gghﬁﬁyan%ﬂove t he
abr asi on r esi SiraReclentlte46XTABdRMcRLIIAEARE] HERTork lispiBR & GBI cant |y

reduci ng pernmeability, oint or a desired conbl na | on ere
shown in Tabl @mthetmﬁeadlamﬂim obthet éxpandiedrfioropolymegu hubre, bet sould t o

Menbr ane A, asaléjc? b@? 'ﬁﬁ%r%ﬁgﬁ?%' e I ncreased the cycles to failure in a

Marti ndal e abra5| herein, from40 to 150 cycl es.

10Tabl e 8: 5Marti ndat Bad\beenisa rlémwﬂﬁﬁwdﬁhupﬂfépﬁém%nﬁy'é*m@' e 1 Cycles to
Fai | ure40150 Expanded fluoropolyners typically have a relatively

smoot h sur f acEeXPaRfed flugrapedeser inmsame gmbedimants! is oat Blgnﬁlcr&]lﬂ?ﬂ}é co?erent15
er surface
thantnar of - tRadel bk 38aBHRAH ing PYAEhO I T bl | AR *such as but

not |imited tadeymns:ratéd by eomparipgahelpepmebbiity bikihe expbAteh surface will
facilitate | |gw d r of {, especi al Ii; where the porous article is treated

to make it ol Y:meﬁ'Wéth%?P&B’@e?'@ W&aowsmgmrﬁ&acmﬁbﬂ he
procedure lgesccrohg%thﬁé&ular n@ffork $0 i §bréshid BRb&nded ANSropdIiR Y EnkS the

this data is reported in Table 6 and Table 7. In particular, it was
surprising that an expanded fluoropolymer having>an initial high
permeability, 100 Frazier or 0.24 krayls, maintained a 77 Frazier, 0.32
krayls, after the attachment of a coherent irregular network, as described

15 in Example 5. Furthermore, Example 5 demonstrates that the coherent
irregular network can greatly increase the strength of expanded
fluoropolymers, and in particular, highly permeable expanded
fluoropolymers. The ball burst value for the expanded fluoropolymer
used in Example 5, was increase by the attachment of the coherent

20 irregular network from 6.45N to 11.44N, or almost double.

Table 6:
Expanded
Fluoropolymer Example 5
Frazier Number 100 77
krayls 0.24 0.32
Ball Burst
(Newtons) 6.45 11.44

25 The permeability of relatively low permeability expanded fluoropolymers,
such as that used in the making of Example 6, was not significantly
reduced by the attachment of the coherent irregular network as reported
in Table 7.
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20aver age roughness or deviation of all points froma plane fit to the test
part surface, or the arithnetical nean of the deviations fromthe nean. The
Sa val ues of the coherent irregular networks tested were at | east an order
of magni tNOe0tSatoer t han the Sa val ue for the expandedPCrseapososper, and
t he, FEP extruciegenzl m The coherent irregular 25 network of the present

I nvention can 'de to have a Sa val ue of approximately 12 or nore,
greater than 20, greater than @gﬁdegetwwn 12 and 6Oum The Sp value is

t he hei ght between the hi ghnsmud:p@@hg,n@n t hexgaBep! ane. The Sp val ues for
the coherent [&[RGUIEAIST WOT KS WaRLe appr oxi MBigel y B0 times and 15 times
greater than g eXpanded WO 201g,033804PCT/{§2011f 050636 f | uoropol ymer
and FEP film especrlvely The conerent—iTregular network of the present

i nvention can be nmade to have a Sp val ue of approximtely 50 or nore,
greater than 100, meamrembadirr&!ms tire ttdchereent=dl tha doRE@MMIrrégulabl e 9:
Sur f ace Roughn ? % e Descri pthon aSy St Ssk SkuSz nbr ane 0. 63 0.808
162 2.77 6. 39”6‘04% egtly gneigys the aprasien fesigfanee of thepexpasnsies o1 15 9

5  fluoropolymer while not significantly reducing permeability, bubble point

or a desired combination thereof. As shown in Table 8, the attachment
of the coherent irregular network to Membrane A, as described in
Example 1, increased the cycles to failure in a Martindale abrasion test,
as described herein, from 40 to 150 cycles.

10  Table 8:
Martindale Expanded
Abrasion Fluoropolymer A Example 1
l Cycles to Failure | 40 | 150 |

Expanded fluoropolymers typically have a relatively smooth
surface, which is undesirable in some applications. The coherent
irregular network of the present invention has a much rougher surface

15  than that of the expanded fluoropolymer. In some applications such as
but not limited to vents, filters, apparel or the like, a rough surface will
facilitate liquid roll off, especially where the porous article is treated to
make it oleophobic. The surface roughness as measured following the
procedure described herein, are reported in Table 9. The Sa value is the

20 average roughness or deviation of all points from a plane fit to the test
part surface, or the arithmetical mean of the deviations from the mean.
The Sa values of the coherent irregular networks tested were at least an
order of magnitude greater than the Sa value for the expanded
fluoropolymer, and the FEP extruded film. The coherent irregular

25  network of the present invention can be made to have a Sa value of
approximately 12 or more, greater than 20, greater than 40 or between
12 and 60um. The Sp value is the height between the highest peak and
the mean plane. The Sp values for the coherent irregular networks were
approximately 30 times and 15 times greater than the expanded
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WO 2012/033804
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15

20

25

fluoropolymer and FEP film respectively. The coherent irregular network

of the present invention can be made to have a Sp value of

approximately 50 or more, greater than 100, greater than 200 or between

50 and 300um.

Table 9: Surface Roughness:

PCT/US2011/050636

Example Description  Sa Sq Sp Sv St Ssk Sku Sz
Membrane A | 063 | 0.808 | 362 | 277 | 6.39 | 0.408 | 3.79 | 5.59
Comp. 1 FEP Film 0.906 119 7.65| 821 | 15.9 | 0.367 6.59 | 10.6
1 1st Surface 44.2 53.7 228 | 428 | 656 | 0118 | 6.16 | 604
2 1st Surface 40.5 46.1 118 | 699 | 188 | 0.435 | 1.96 180
3 1st Surface 34.7 61.8 248 | 681 | 929 | -473 | 56.9 | 880
4 1st Surface 17.5 22.9 116 | 218 | 334 | 0485 | 7.52 | 254
6 1st Surface 31.1 39.8 215 | 223 | 438 | -0.73 | 4.72 351

7 1st Surface 300 17

The porous article may be affixed to a support layer such as but
not limited to a woven, or non-woven fabric, mesh, screen, felt, or
another expanded fluoropolymer. The support layer 46 as depicted in
Fig. 9 may be attached to the expanded fluoropolymer 12, or coherent
irregular network 20 with discontinuous attachments 44, to provide
additional dimensional stability, stiffness, strength or the like.
Discontinuous attachments may be an adhesive, or adhesive netting or
fabric, point bonding using heat and or pressure, or ultrasonic welding
and the like.

The coherent irregular network can be made by attaching the
elements or particles together first and then attaching the coherent
irregular network to the expanded fluoropolymer layer. The coherent
irregular network can be made by attaching the particles to each other
while attaching some of the particles to the expanded fluoropolymer. A
coherent irregular network can be affixed to one side of the expanded
fluoropolymer, and then a second coherent irregular network can be
affixed, either to the same surface or to opposing surface.

The particles or elements used to make the coherent irregular
network can be attached by heating, using any conventional heating

18
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WO 2012/033804 PCT/US2011/050636
source, such as convection oven, hot plate, radiant heat or the like.
Alternatively, the particles may be attached to each other or to the
expanded fluoropolymer by induction heating or ultrasonic heating.

In one embodiment, the coherent irregular network is created by
5 coating one surface of an expanded fluoropolymer with particles of FEP,
powder A. The coated expanded fluoropolymer is then heated to a
sufficient temperature and time to cause the FEP powder to attach both
to itself forming a coherent irregular network and to the expanded
fluoropolymer.

10 In yet another embodiment, the coherent irregular network can be
made in a pattern as shown in Fig. 13A through Fig. 16B. The pattern
may be any pattern that changes properties such as thickness or density,
of the coherent irregular network over the surface and, or through the
thickness of the network. A linear pattern 50, as defined herein and

15  depicted in Fig. 13A and Fig. 13B, is a pattern comprising multiple and
relatively parallel lengths of coherent irregular network 20 between
parallel lengths of open area 52, where there is no coherent irregular
network 20 on the expanded fluoropolymer 12. In another embodiment,
a discrete pattern 54 as defined herein and depicted in Fig. 14,

20  comprises discrete sections of coherent irregular network 56 surrounded
by open areas 52. In yet another embodiment, a connected pattern 58,
as defined herein and depicted in Fig. 15, comprises connected coherent
irregular network 60 and discrete open area 62. In yet another
embodiment, the porous article may comprise an embossed pattern 65

25  as depicted in Fig. 16A and 16B wherein the coherent irregular network
has a substantially regular change in thickness over the surface. The
embossed pattern may take on the general features of a linear, discrete
or connected pattern where the thinner areas are configured in the
material as opposed to the open areas. The pattern may be selected to

30  provide specific properties for the application for which it is intended. For
example, a linear pattern or discrete pattern may be used when flow
across the surface is important.

The pattern in the coherent irregular network can be produced by
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1st Surface 300 17 The porous article may be affixed to a support

| ayer such as but 10not |imted to a woven, or non-woven fabric, nesh,
screen, felt, or another expanded fluoropolymer. The support |ayer 46 as
depi ct ed WO 2F12933®4may be attached to the expanded fl| uoPOPpaISyene(05W3¢ or
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radiant hegt @ Ppﬁ&ﬁldh%kﬁ)r e@cbh%é‘G\Fén‘ﬁﬁgbpﬁe%ld?%r\hhéﬂeetﬁerfﬁ%tel?i’él R&d ached to

each other or to the expanded fl uoropal I nducti1on heating or
ul trasoni ¢ hehidhhgir flow amiahlgh‘nmtenan’ﬂry pre&suc@aedemteswtae’g‘wl rwne’anmr k is

created by 5coatin ur f.ac nded, f | yor o t.h particles
o CREp oo Py IONeRER TABR Fills BE ot AT G5 (B ABRIGRERN  BettBuRee L
sufficient tenpepphotbie" Mednk ditartioledsids antAreT CER e Miksthod @ 18t3G0ojpot h to
itself formng a coherent |rregul ar network and to the expanded

f | uor opol yner rating ef greateqribamapoghd e rexample heguerie artigle mayuber net wor k
can be 15 coated with a solution of perfluorodioxole polymer as described in U.S.

Pat. No. 5,116,650. The coating may also be applied to at least one of

the elements of the porous article before affixing them together. For

example, the expanded fluoropolymer may be treated with a coating

solution to provide oleophobicity before the coherent irregular network is
20  attached or applied to it.

The porous article can be rendered hydrophilic by various
techniques making them usable in liquid filtration applications which
involve, for example, filtration of aqueous fluids. Hydrophilic as used
herein is defined as a material that is water-wetting, such that water will

25  penetrate through the material from the first surface to a second surface
with low pressure, less than 10 kPa.

The porous article of the present invention can be made to be
dimensionally stable at high temperatures. Expanded fluoropolymer
materials can shrink dramatically when exposed to high temperatures.

30 For example, the data reported in Table 10, shows that an expanded
PTFE membrane, Membrane C, when heated to 150C for 5 minutes
shrunk approximately 72% in area, whereas the same membrane having

a coherent irregular network attached thereto, made according to

20



made in a pattern as shown in Fig. 13A through Fig. 16B. The pattern may be
any pattern that changes properties such as thickness or density, of the
coherent irregular network over the surface and, or through the thickness
of the navaanie/03880ki near pattern 50, as defined herein &0WU/UB3U&FEBed | n

Fig. 13A and HE ;A gr ncomprising nul tiple and, rel at.ively
paral l el | engﬁ%%hbq%égoﬂeﬁeﬁtrﬁﬁl% be/éu-lrﬁ? nﬁ[ect%o? c'fﬁ %éﬁ%@éﬁ?%‘é rallelnbpnl engt hs
of open area %P heheh eefiet @sibeing dintdiasieitllyistaisie wien thely v (88 on the
expanded fl uor opol | n anot her errbodl ment, a discrete pattern 54 as

nmer
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enbodi nment , a%t:f%)l?tirltt ?gwééétr@ggﬁ‘}%éﬂ as defined herein and depicted in Fig.
15, corrpr|5es connect ed coherent irregular network 60 and di screte open
area 62. Iny enbodi men t he porous article may conprise an
enbossed pattglrai'??%gb g)é@eﬂé'ﬁpérgtﬁth"ﬁy 'Fig. 16A and 16B wherein the coherent
irregul ar network has a substanti aI |,wenq@g+é|@r cha@gﬁ] IJh t1i ckness over the

surface. The *BR%%ESRAHQFH&%E‘Q ) qu59r)t3'L8[le geml-,‘éfleSEdt uires of a |inear,
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30provi de specific propertles for the application for which it is intended.
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oil. As used in this application, the term"oleo nmeans an article
wi th an AATCChegsin av@tthede&m&ammrtmmaﬂ‘ab@ ot. @'heéwerswmmas about 2. For

exanpl e, the porous,article b oat th as |on

per f | uor odi oxdY ob'g %%qheigngalyﬁgyfag Wﬂr®§y\na&ﬂea Rﬁr'u‘ﬁa 650 The
coating may alappr&émarsty 7%, tvﬂq@reaéwétsamptésqtmrth?eeémnt ﬁre‘gfulérhe por ous
article before affixing them together. For exanpl e, the expanded

f 1 uor opol $fer nedyorschad leas depmBtn a@acﬁbftﬁkﬁgesol ution to provide

ol eophobicity before the coherent irregular network is 20attached or
applied to it. The porous article can be rendered hydrophilic by various
t echni ques maRiange ihem usable in liquid filtration applications which

—t

i nvol ve, for exanple, filtration of aqueous fluids. Hydrophilic as used
herein is defined as 4 materi al Arhat is vat ef - wettlrgP, RS that wat er| wil |
25penetrate throughI t terh{zﬁ'te%y EE om tFpa%iefr' rst(raﬁgrfa M irﬁ)g sgﬁ@@gjgesurface
wi th | ow pressure;—tess an kPa-
Example # um g/m”2 number sec/m cm %
13.97 x
10 6.35 1 2.1 11.7 4.445 70.1
16.51 x
11 5.08 1.1 1.2 20.4 3.81 69.7
12 152.4 111 1.28 19.1 20x10.16 2.1
20.16 x
13 190.5 155 0.695 35.2 10.16 1.3
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The porous article of the present invention can be nmade to be dinensionally
stable at high tenperatures. Expanded fluoropolynmer materials can shrink
dramatically when exposed to high tenperatures. 30For exanple, the data
reported WO 20e441388020, shows that an expanded PTFE nenbr 0&/USRAHNIf@®Ae C,

when heated t 1.nut e hrunk approxi ely, 72% |,n area, whereas
t he sane nenb%a%%%%%ﬁ%%g’g&c@%@r@?ﬁs ?ﬁPg&ﬁgﬁeﬁQ%}[‘%%é{b d thereto,
made accor di ngxhmpld¥ n0gVRBIBAAREBIE W32011/ 050636 Exanple 9, only shrunk
6% The porous_ articles of the present invention are herein defined as

bei ng di nensi deble 92'stabl e when they have | ess than 20% area shri nkage when
tested according to the Dinmensional Stability test descrigyggeherein. 5

Tabl e 10: Di mensi or@lrept abiFrdzley: kriRTOr angicknebX apRbG12s DiFgRpSi on After
Heating) (cnm) &%2 x 3.8 19.7 x 9.8 Percent Area Shrinkage 72% 6% A
conpar ati ve ex#npl eecdnda diNeimbat i kRaesusn f lumor opl astg/ieroand eRPEE nenbr ane
conposite was| madg andotested for &srensi onsd 10 stiahi | ijty.101he |expanded
menbrane was pade |(folt®w ng the |t eaghi ng obot. S| Apphki cati ofpanunber

11/ 738,761 to|Bagi|no &t . all, and wasg4rade wogh and weg hout aodi Sclont i nuous
surface | ayer [ of 4HEP, Exaiplsg 411 anfdgIO|regpect|{veby,s A[cCohggent| i rregul ar
network was attaghled to the ePTHE nggybrane, EXappl e 10, [and to the

di sconti nuous|Sugflace Tayer g4 de[ of ; g5EXanple I, pppducing &xanpl e 12 and
13 respectively. ;AT four rsaggt e5 WBIee IESHg,p' fpr—ghermgt—drmens|i onal

stability as gesgribefgterern and g Tesultsaje reportedig—Table 11. The
two sanpl es “'Ib t—tHe—coher gt i|1|1'e79ui ar=netwot K—rad—an—ar€a—shri nkage of
appr oxi mat el y 7% —whereas t'iE aaﬁ"&i es—wtt-thercoherent—rregutar 20
networ k had | :ssﬂthan 3%-ar-ef=shir-ARage—FAlEe 11— Thi-akness
"2 1728 19.1° 82,4 111
13 0.695 36.2 190.5 155

5  Additional Definitions:
Porous article as used herein is defined a material having a first surface
and a second surface, and pores there between, wherein a fluid, air or
gas, can pass from the first to the second surface when a pressure is
applied; for example materials having a gurley value of less than 500
10  seconds or approximately 4,000 krayls is considered porous for the
purposes of this patent.

Coherent irregular network as used herein is defined as particles or
elements of fluoroplastic attached together, such as through melting or

15  fusing together, to form a porous and permeable material that consists
essentially of non-homogenous elements, wherein homogeneous
elements would have a constant cross-sectional shape over a significant
portion of length.

20  Attached as used herein is defined as joining to materials together such
that it takes a measurable force to separate them from each other such

as greater. (Force of gravity)

Adjacent region as used herein is defined as a region between a
25  permeable layer and the expanded fluoropolymer layer and in the
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embodiment wherein a permeable layer is affixed to either sidesyca of
the expanded fluoropolymer, there is an adjacent region on either side of
the expanded fluoropolymer.

Free Standing as used herein is defined as a material that has enough
mechanical integrity to be handled on its own, free of support or
attachment to another material. For example, the free standing material
could be placed on an expanded fluoropolymer and attached.

Contiguous as used herein is defined as a surface that is connected
throughout in an unbroken‘sequence.

TEST METHODS

Thermal Dimensional Stability:
A sample of sheet material was cut to 15.2 by 3.8cm and place on a thin

aluminum pan, covered loosely with aluminum foil to protect the sample
but not restrict it, and then place in an oven preheated to a set
temperature of 150C. The pan was removed from the oven after 5
minutes. The pan was allowed to cool and then the sample was
removed from the pan and the dimensions were measure. A percent
shrinkage was then calculated and these results are reported in Table
10.

Melt Flow Index (MFI)

Powders used to make the coherent irregular network were tested
for Melt Flow Index (MFI) following the general teachings of ASTM
D1238, Standard Test Method for Melt Flow Rates of Thermoplastics by
Extrusion Plastometer. In particular, procedure A was generally followed

using a temperature of 372C and a 216Kg load. This is detailed in
Section 8 of the ASTM.

This test method covers the determination of the rate of extrusion
of molten thermoplastic resins using an extrusion plastometer. After a
specified preheating time, resin is extruded through a die with a specified

length and orifice diameter under prescribed conditions of temperature,
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load, and piston position in the barrel. The units of measure are grams of
material/10 minutes (g/10 min). It is based on the measurement of the
mass of material that extrudes from the die over a given period of time. It
is generally used for materials having melt flow rates that fall between

5 0.15and 50 g/10 min.

Particle Size
Particle size was measured using a Honeywell Microtrac ASVR

and a Microtrac X100 Laser. An 80ml beaker was filled with isopropyl
alcohol (IPA), and then approximately 2g of sample was placed in the

10  beaker. The beaker was then stirred for approximately 3 to 4 minutes
using a Caframo Type RZRI (Wiarton, Canada) mixer. The bath area of
the Microtrac was filled with IPA and the flow was turhed on. When the
background reading on the microtrac read zero, the test sample was
slowly added until the Microtrac signaled it was ready. Three

15  measurements were taken for each sample. The data reported from this
test includes:
MV — Mean diameter in microns of the “volume distribution” represents
the center of gravity of the distribution. Mie or modified Mie calculations
are used to calculate the distribution. Implementation of the equation

20  used to calculate MV will show it to be weighted (strongly influenced) by
a change in the volume amount of large particles in the distribution. It is
one type of average particle size or central tendency.

MN — Mean diameter, in microns, of the “number distribution” is

25  calculated using the volume distribution data and is weighted to the
smaller particles in the distribution. This type of average is related to
population or counting of particles.

MA — Mean diameter, in microns, of the “area distribution” is calculated
30  from the volume

distribution. This area mean is a type average that is less weighted (also

less sensitive) than the MV to changes in the amount of coarse particles
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Data neasured for the porous articles made and described in the exanples
are provided in Table 12. Table 12: Bubble Gurl eyFrazi er krayl sThi ckness
Area Mass Point EXP secondsNunber kPa-s / mum m2kPa 1 10.9 85.2 259 109
101 2 7.3W03¥1283307 84.4 103 8.2 64.1 254 136 PCT/US2011/050636

in the distribution. It represents information on the distribution of surface
area of the particles of the distribution.

CS - Calculated surface — Provided in units of M2/cc, the value provides

5 anindication of the specific surface area. The CS computation assumes
smooth, solid, spherical particles. It may be converted to classical units
for SSA of M2/g by dividing thru value by the density of the particles. It
should not be interchanged with BET or other adsorption methods of
surface area measurement since CS does not take into effect porosity of

10  particles, adsorption specificity or topographical characteristics of

particles.

SD - Standard Deviation in microns, also known as the Graphic
Standard Deviation (0g), is one measure of the width of the distribution. It

15 is not an indication of variability for multiple measurements. Equation to
calculate is: 84% - 16%)/2.

Thickness Measurements
Thickness was measured by placing the material between the
20 two plates of a Kafer FZ1000/30 thickness snap gauge (Kafer
Messuhrenfabrik GmbH, Villingen-Schwenningen, Germany). The
average of the three measurements was used.
In some cases a Mitutoyo Snap Gauge - JVD028 No. 2804S-10,
(Kanagawa, Japan), was used to measure the thickness of the sample.

25
Percent Porosity
The area mass and thickness of the sample was used to calculate the
percent porosity. The area mass of the sample was divided by the
thickness to determine the density of the sample (ps). The percent

30  porosity was then calculated using the following formula:

(om — ps)
Lom

% porosity =
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in which: pm = density (g/cc) of the raw material. For example ,the
density value used for FEP was 2.14g/cc.

Bubble Point Measurements
5 The bubble point and mean flow pore size were measured

according to the general teachings of ASTM F31 6-03 using a Capillary
Flow Porometer (Model CFP 1500 AEXL from Porous Materials Inc.,
Ithaca, NY). The sample membrane was placed into the sample
chamber and wet with SilWick Silicone Fluid (available from Porous

10 Materials Inc.) having a surface tension of 19.1 dynes/cm. The bottom
clamp of the sample chamber had a 2.54 cm diameter, 3.175 mm thick
porous metal disc insert (Mott Metallurgical, Farmington, CT, 40 micron
porous metal disk) and the top clamp of the sample chamber had a
3.175 mm diameter hole. Using the Capwin software version 6.62.1 the

15 following parameters were set as specified in the table below. The
values presented for bubble point and mean flow pore size were the
average of two measurements.

Parameter Set Point
maxflow (cc/m) 200000
20 bublflow (cc/m) 100
F/PT (old bubltime) 40
minbppres (PSI) 0
zerotime (sec) 1
v2incr (cts) 10
25 preginc (cts) 1
pulse delay (sec) 2
maxpre (PSI) 500
pulse width (sec) 0.2
minegtime (sec) 30
30 presslew (cts) 10
flowslew (cts) 50
eqgiter 3
aveiter 20
maxpdif (PSI) 0.1
35 maxfdif (cc/m) 50
sartp (PSI) 1
sartf (cc/m) 500
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Permeability Gurley Measurements

The Gurley air flow test measures the time in seconds for 100 cm?®
of air to flow through a 6.45 cm? sample at 12.4 cm of water pressure.
The samples were measured in a Gurley Densometer Model 4340
Automatic Densometer. The average of the three measurements was
used.

Permeability Testing: Frazier

Textest Instruments, FX3310 - Schwerzenbach, Switzerland test
pressure set to 125Pa, measure in CFM

Surface Area Measurements / (BET)

The surface area per unit mass, expressed in units of m?/g, of the
ePTFE membrane was measured using the Brunauer-Emmett-Teller
(BET) method on a Coulter SA3100 Gas Adsorption Analyzer (Beckman
Coulter Inc., Fullerton, CA). A sample was cut from the center of the
ePTFE membrane sheet and placed into a small sample tube (reference
number 8201151). The mass of the ePTFE sample was approximately
0.1to 0.2 grams. The tube was placed into the Coulter SA-Prep
Surface Area Outgasser, (Model SA-PREP, P/N 5102014) from
Beckman Coulter Inc., Fullerton, CA and purged at 110C for 2 hours with
helium. The sample tube was then removed from the SA-Prep
Outgasser and weighed. The sample tube was then placed into the
SA3100 Gas Adsorption Analyzer and the BET surface area analysis
was run in accordance with the instrument instructions using helium to
calculate the free space and nitrogen as the adsorbate gas. A single

measurement was recorded for each sample.

Surface Roughness Measurements

The surface roughness of the porous articles was measure using
a Nanovea ST400 Series from Micro Photonic, Inc. The following
parameters were set:

27
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152.4 111 13 0.695 35.2 190.5 155 5Addi tional Definitions: Porous
article as used herein is defined a material having a first surface and a
second surface, and pores there between, wherein a fluid, air or gas, can
pass frormvDRe1a3se to the second surface when a pressuPETIES2¢pHOF68e; f or
exanpl e material Ing a girley,val ue of . s than 500 10 seconds or

appr oxi mat el y 5%?3‘0%%@?@- %@dﬁgﬁ“&é?&% %43%3&“? %?pﬁig?lbﬁr%@s\és of this
pat ent. Coher @ivectibfiegul ar network as used herein is defined as particles
or elenments of fluorgplastic attached together, such as through nelting or
15f usi ng t ogethéfacetdimessiana Ay®Pous and perneabl e material that consists
essentially of Maleal @6@?@&@‘%'@ enents, wherein honogeneous el enents woul d
have a constarﬁ crgss-sec ‘ional” shape over a significant portion of |ength.
20 Attachefl asSSingledDirestienn is defined as joining to materials together such
that it takes rable force to separate them from each other such as
greater. (For@%rgg%éﬁé\%ti% Adj acent region as used herein is defined
as aregion b -%@}?r | e layer and t he expanded fl uoropol yrer

| ayer and int %ﬁ@gbr@(l) me'ntgm\ erein a perneable layer is affixed to either
si desyca of t Mareusapadanietdraovarpohgasres bbelescrilse beloxdj acent regi on on

ei t her side of e expanded fluoropol yner. 5SFree Standin s used herein is
defined as a ﬁlagér'l' rﬁlﬂ’ﬁﬁﬁcﬂﬁe%éﬁglﬂgﬁﬁwﬁﬁﬂﬂ% em ‘&ﬂee@f‘e?gy%@%a%r%ndl ed on
its own, fipee rgfigidRUrtdeiatiint SFEINFShtstRAROBIERE fi ' r exanpl e,
the free standi n% material could b(;rﬁjgl asceﬁ%(rjl|6 aﬁégﬁaﬁ%e%g* Pﬁgr opol ynmer and
attached. 10Csdtfageous as used herein is defined as a surface that is_

connect ed throughout in an unbroken sequence. TEST METHODS
1 Nl

Sa :N—MZ Z’Zmyl

2. §q - - Quadratic mean of the deviation from the mean. Computes the
efficient value for the amplitudes of the surface (RMS).

1 N-1M-1
Sq = Z | -iy
NM x=0 y=0

3. Sp - -highest peak of the surface. Height between the highest peak
and the mean plane.

4. Sv --Deepest valley of the surface. Depth between the mean plane
and the deepest valley.

5. St - -Total height of the surface. Height between the highest peak
and the deepest hole.

15
6. Ssk - -Symmetry of the distribution curve of depths. A negative Ssk
indicates that the surface is composed with principally one plateau and
deep and fine valleys. In this case, the distri9bution is slopping to the top.
A positive Ssk indicates a surface with lots of peaks on a plane. The

20 distribution is slopping to the bottom. Due to the big exponent used, this

parameter is very sensitive to the sampling and to noise of the
measurement.
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15Thermal Dinensional Stability: A sanple of sheet material was cut to
15.2 by 3.8cm and place on a thin alum num pan, covered | oosely with
alumnumfoil to protect the sanple but not restrict it, and then place in
an oven pveRewYsSdoHo a set tenperature of 150C. The panPRRAISe@EMOF®d6 f r om
the oven after 5 20 m nutes. The pan was allowed to cool and then the
sanpl e was renoved fromthe pan and the di nensions were neasure. A percent
shri nkage was then C{il| cyl,gted and these results are reported in Table 10.
Melt Flow I ndeggk(M \%bj‘s used to nmake the coherent irregular network
were tested for MelNME] déx (MFI) followi ng the general teachings of
ASTM D1238, Standard Test Method for Melt Flow Rates of Thernopl astics by
Ext rusi on Pl as7 obki erFlatnespafthe disttbutiohasede bEdéptvesDaenetiad blg f ol | oned

using a tenpergkpdrertliséd ARisparametdbisddrp adnsitite o the stehplidgand b 30
Section 8 of tfpR rﬁﬁg—%fthe meastietndst nethod covers the determ nation of
the rate of extrusion of nolten therm)pl astic resins using an extrusion

pl astoneter. After a speC|f|ed preheating time, resin is extruded through a
die with a Sp%ﬁ@fl ed Iéngt ¥4~orjfice dianmeter under prescribed

condi tions of: 042/ 033804PCT/ US2011/ 050636 | oad, and

pi ston position in tiN Io. p=bhe units of neasure are grans of

material /10 m nutes (g/10 m n). It is based on the nmeasurenent of t he mass

of material th@tsfxtmags@%fmé) aﬁts%lf Yol HEG alg&g @f BRIt is
gener al 'g/ylgsggg dﬁést i i 54 SFHOI@? Jert QWi RtiBR 1 o ﬁgafaged? 50.15
Honeywel | M crotrlgé Es\l/ﬁtﬁggcount crﬁ)tdrtac g(e%l O%Ir_]g?zs‘r\%l 2é180ml beaker was
filled with isopropyl alcohol (IPA), and then approximtely 2g of sanple
was placed in thef Pﬁ@*?ﬁﬁe%ﬂw% \Eféaker was then stirred for approximtely
3 to 4 mnutesszusing a Cafgamo™T RZR—(Wartom, Camada) T xer-—The bath
area of the Mcrotrac vvasafllled with I PA and the flow was turned on. Wen
t he background reading on the nmicrotrac read zero, the test sanple was

sl ow y added AQ@&Q&M& gnaled it was ready. Three 15
nmeasurenments were taken for each sanple. The data reported fromthis test

i ncl udes: Mea ol

r epr esent sgl:‘/he cen é’?éggﬁ%vfe{gtéa ‘Lf?g EQPA%&M 86§i éﬁgﬁ?{%éisﬁééti@%gl ed Me
cal cul ations #oeAbisetbr Iaeslatamleaifa'etxhl% Ealsids (lMﬁrtmdlalelAbTbe@ﬁﬁltéételon of the
equation 20 used to calculate My will show it to be wejghted (stro

i nfl uenced) bMefheAlnging A Mardindalemraaienrst fmparawé/vmrhqtq awing the
GHSUTLDULT o, i, 1A g EleR U RUlinn N BLog Bk o | endency.
cal ﬂjl at ed u3|s|tag1ddné pter?emfa‘etﬂloslgh'ebmtlrrgtamﬁ facanup, }ss therﬁghtseld‘abeo}fhe |

smal | er ticles in the distribution of avera s related to
popul at i 026 (f%%aﬂm%'soﬁu ttt?@”ﬁé%sm chalk%gg_eyﬁ/g'gﬁ Stpeakeera h"'ﬁn m crons, of

the "area di stbbewérpﬁomm@@'repia%tee%g%%f5r’<arantq r\eﬂuér@tﬁé%bk%é on. This

area nmean is a type average tha ighted (also
of hook and loop fastener with the hooks facing down so that they

challenge the sample. This material is nylon hook obtainable from
Norman Shatz Co. of 3570 East Street Road, Bensalem, PA 19020 as
15  “Two inch wide Black Hook”.

Abrasion movements were conducted at regular intervals with
hydrostatic resistance measurements made -at the end of each
movement interval. Initially, the movement interval is 25 movements
until 50 movements are reached.

20 Liquidproof testing was conducted as follows. Samples were tested

for liquidproofness by using a modified Suiter test apparatus with water
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| ess sensitive) than the MW to changes in the anmount of coarse particles
WO 2012/ 033804PCT/ US2011/ 050636 in the distribution. It represents

i nformation on the distribution of surface area of the particles of the
di stri butWor012083804Cal cul ated surface - Provided in uni tP§TtlfS2MlZIOGQ§36the

val ue provides 5an indication of the s I c surface area., The CS
conput ati on aSSUHRE A8 ATEPFESEAALVE, te§b|ﬁ£+l<§ gYa tghistTPEgeskagaipstagameie onver t ed

to classical wpd sf é@éutsﬁ/\n%h &{%hsbtérys%wdﬁ wotrﬁsyea@%t@ dhe density of

the particles. It should not be I nterchange or ot er adsorption
met hods of suclamrreedarangemesnt. eSamnuoIeﬁ areeteejsddneerle‘rdtngtfhbesamnle sof f ect

i f1 | d phi
Charact or st diatdpe B RGBS & g Bible, S h¥ shitebs BOHTAR AL, i so
known as the Waamb,Cfor%banqaféin@flp@és@iaebﬂtaé,sahﬁm@mn é“?‘%ﬁto@cbohhe wi dt h

of the distribution. It 15is not an indication of variability for nmultiple
measur enent s. THRfI&YiGPUMP coanealegtte d wateg4eservoisogs mdiceied ki@

tuo.pl at oo, of “RPIGHTERS BalB8 aPageYBlact iy Bn AR yalB. Teiesl SlBleRr et cor 1 &

GrbH, Vil li ngenabcngts indgae water raeyirculdted tovssagewatertdmtadireerl not
nmeasurenments was used. In sone cases a Mtutoyo Snap Gauge - JVD028 No.

2804S- 10, ( Kaﬁéfg’:&ﬁéﬂsu%%ﬁnpl%@\/!@éwW&?ener!ﬁﬁlé’fQ(}@eOWﬂ?étﬁdég§U$ﬁ*r t Ihe
sanpl e. *13(]) Pe?lgﬁgh{fﬁeé%?'tﬁé’s%ﬂgleaig%%smh@ r;}eguoa‘iﬂ%% rﬂ[tﬁé'ﬂ?rtﬁé”p € was

used to cal cul ercen orosit nMass o e sanpl e was

di vi ded by t heppbéamdme&ﬁamw@teewmmmmbld tmtefmeq/tmbugﬂnmeseambm (ps). The
percent 30porosity was then c%ﬁc ted ysing the follow ng formnula:
%porosity = ( FHU'%Wterp?ﬁeﬂW‘ Biagsyisintegyretad as g/leak. 6fp3csﬁ6‘9r aw

material . For (&adRosr) drife fegivbhYorihse S iguiliWatEFR WaBictor ¥ CC-

sample surface within 3 minutes. A sample is “liquidproof’ as used

15 herein, if it passes this test. Samples having any visible liquid water
leakage, e.g. in the form of weeping, pin hole leak, etc. are not
liguidproof and fail the test. The number of abrasion cycles to liquidproof
failure are reported in Table 8. The ePTFE membrane used to make the
porous article of example 2 was tested as a control and had 40 cycles to

20  liquidproof failure, whereas the sample made according to example 2
had 150 cycles to liquidproof failure.

The following examples are intended to be illustrative of the invention,

but are not to be construed as limiting the scope of the invention in any
25  way. |

Porous article Preparation Method

A sample of expanded PTFE membrane 82 as described in Table 1 was
placed on a 30.5 cm x 30.5 cm pin frame 80 having 12mm high pins 84
spaced approximately every 12mm as depicted in Fig. 17. Powder or

30 blends of powder, was placed in a US Standard Series Sieve, Sieve #80
(Dual Manufacturing Co. Chicago, IL) having 0.180mm openings. The
Sieve was tapped to disperse the thermoplastic particles 86 onto the
ePTFE sample 82, as depicted in Fig. 18. The pin frame was then place
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Bubbl e Poi nt Measurenents 5The bubbl e point and nean fl ow pore size

wer enmeasured according to the general teachings of ASTM F31 6-03 using a
Capillary Fl ow Poroneter (Mddel CFP 1500 AEXL from Porous Materials Inc.,
|t haca, NYP.208389anpl e nenbrane was pl aced into the saRprasetianmdesss and wet

ith SilWck Sili Fl uj d i | abl e, f P teri Inc.) havi
% surtace tendnih BB g YRl HRSind AP A BN Bl o Lhanber
had a 2. 54 cmr@i\/m@é@mxﬁné%@ amcintHigh edge asumee iy pef#iirﬁeteira%ecfépiété@tt

Met al | urgi cal, Earm ngton, , 40 m cron porous netal disk) and the top
clanp of the dafjg &9 chAfigenearding 3cny by BBca havne appspémataly apamhe Capwi n

sof tware versi : ' r t specified in
t he tabl ebel Ovoﬁ’é‘}gg'&%gﬁl%@ée%‘%ﬁi%h{@@ g%rs F}ﬁ%@%ﬁ%\%@hﬁ%&@@&@% fl ow pore

si ze were fhe cavereaabsampletwas treasheeeNt Jashaacateints SDedpaitet Videridsow

(cc/ m 200000 20bubl flow (cc/m 100 F/ PT (ol d bubltime)40 m nbppres (PSI)O0

zerotine (sec)qVQ.FZ(Dﬁﬁpa(tQﬁ Hydy@trf@p%@mwcwét N, pell toca tpanREratlie ©f 2 maxpr e
(crs) 30 cqi t ord G cppaaiatelTHlEs AGF feitnd JAS ool and 11 ovel ew
the sample was left in the oven for another 5 minutes before it was

removed, to produce a porous article having a coherent irregular network
10  of thermoplastic particles fused together and attached to an expanded
fluoropolymer membrane. |

All porous articles made in the following examples followed

the general procedure described, unless otherwise noted in the
15 example.
Example 1

A porous article was made according to the porous article
preparation method, by dispersing FEP powder, NC1500 (Daikin,
Japan), as described herein as Powder A, onto ePTFE membrane as

20  described herein as Membrane A and heating in the oven as described
in the porous article preparation method, except that it was left in the
oven for 8 minutes after removal of the lid. A porous article was
produced having a coherent irregular network of thermoplastic particles
fused together and attached to the expanded fluoropolymer membrane

25 as shown in the SEM image in Fig. 1.

This porous article was then characterized by measuring various
properties in the manner described herein, and data for the sample made
according to this example appear in Table 9 and 12.

This sample was further evaluated for abrasion resistance

30 according to the test method described herein. The ePTFE membrane
used to make the porous article of Example 1 was tested as a control
and had 40 cycles to liquidproof failure, whereas the sample made
according to Example 1 had 150 cycles to liquidproof failure.
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sartp (PSI)1 sartf (cc/nm500 Perneability Gurley Measurenents The
Qurley air flow test neasures the tinme in seconds for 100 cnB of air to
flow through a 6.45 cn2 sanple at 12.4 cmof water pressure. 5 The sanpl es
wer e nmeaswiped1da33xn4Gur | ey Densoneter Mdel 4340 Aut onmat iPCTDSRAGSI0081686 . The
average of the three neasurenents was used. Perneability Testing: Frazier
10Textest Instrunments, FX3310 - Schwerzenbach, Switzerland test pressure
set to 125Pa, EyRaaplee2i N CFM Surface Area Measurements / (BET) The surface
area per unit Tmass, expressed in units of n2/g, of the 15 ePTFE nenbrane
was measur ed usi ngAh@rOBISLﬂfﬁdéerﬂB-aD@Dermg {epmouserticle psaparation| ter

sanpl e vas ot Bt PraRBetiE TERher ahrY el BRv A et RE T phcea 1 nto
a snmall sagpl Qvélgllﬁleof(Pcﬁ/f/@érelBl@ﬁtdWM@hﬂiraﬁé@llﬁﬁé twd pewdess wete blemdedTFE
sanpl e was approximately 20 0.1 to 0.2 granms. The tube was placed into the

Coul ter SA-Préy melﬂaél@emrl@f@ @!ﬁrg%@@talnqrwwbnotamgdhemontwmewmﬂdha) from

Beckman Coul t : with

hel ium The s(z;rrf).q'&&? &vggé'\hlgeg{dte enT h%gbn%w&el%fpﬁ%ﬁgtsﬁépg%gﬁé@&bﬁ %%gs r and
wei ghed. The wmnpleh dcdvedingtottheprabeticieslin thepdrbes ahickABidpar&en Adsor ption
Anal yzer and the BET surface area analysis was run in accordance with the

i nstrument i nSA¢thed,; &eowm?gﬂwewvwmueaqi Pavingdhereoplagiic padistesand
nltrogen38 Su?l?%%g lﬂ?@%ﬁo@@ﬁn aft ONBELAR iBGSHF ﬁgﬁ%k%ﬁcpg&% grd for each

sanpl e. ness Measurenents surface roughness of
t he porous ar texpaadedvﬁsommé.ymer membyaae Narsboea i THO SEBdimeage$ iroRigM cr o

Phot onic, Inc.,,The %oll i ng paraneters were set: WO

2012/ 033804PC‘§/AU§>’2?|) 636 Scan paranmeters: 2nnm x 2nm area with 25um

steps both x and y 1gjig GéﬁdL@rb?néBrvflé’s%eﬂ'Mé&t@ﬂze&bﬁ%e’%ﬁfrﬁw’g%r?ﬁ%‘ tion:
Center 5Single Direction: Pen: Opti cal isition” 30 hz Various

par anet ers vve_rpéomganreﬁweamaaescdewlb@dl heakein, and da&ifor thasaniplemade nean
of the de\{gat 'a%QSrJiﬁé)% %hr?seeggr%gle ggﬁeaar {S 738 9 and Table 12.

Example 3
A porous article was made according to the porous article

preparation method, by dispersing Powder A onto Membrane A, as

20  described herein. The sample was placed in an oven according to the
procedure in Example 1 and heated at 305C for 15 minutes. After 15
minutes the lid was removed and the sample was left in the oven for
another 5 minutes before it was removed. Directly after removal from the
oven, Powder B was dispersed onto the sample, the lid was placed back

25  over the sample and the covered sample was placed back in the oven,
which was still set to a temperature of 305C. The lid was removed from
the sample after 5 minutes, and the sample was left in the oven for
another 3 minutes.

A porous article was produced having thermoplastic particles

30 fused together to form a coherent irregular network attached to an
expanded fluoropolymer membrane as shown in the SEM images in Fig.
Fig. 4A and Fig. 4B.
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10r oughness or deviation of all points froma plane fit to the test part
surface Sa >2, NM' ),=0 N-1 - 2. Sq - - Quadratic nean of the deviation
fromthe nmean. Conputes the efficient value for the anplitudes of the
surface (\WOBp12/0888D3/ -1 SqZ 2 .v=0y=0 3. Sp - - highest PO#AIS2¢H1/050636
surface. Height be en the hjghest peak, and the an plane. 4. Sv

- - Deepest valgl ey oh\ﬁ?%%o@b'ﬁaﬁ@g.e V@p@ﬁ”&@?@%ﬁ”%ﬁhﬁﬁ?sﬁf'aﬂé@&%sthe
deepest val | e)br%Pe“rﬁeﬂn the rhhAsr A& giRbd HeréiRCand tbarRr thesahidRiageen the
hi ghest peak and the deepest hole. 6. Ssk - -Symmetry of the distribution
curve of dept Rscoing:teathis/exassRrliei apfieasiredablel anthdable 1ace is conposed with
principally one plateau and deep and fine valleys. In this case, the
distri9bution is slopping to the top. A positive Ssk indicates a surface
with lots of BEsakspley a pl ane. The distribution is slopping to the bottom
Due to the big exponent used, this paraneter is very sensitive to the

sanpl i ng and to noifsROEYs Emticleweasunade accordigy Fothe/ Bees AHETI? US2011/ 050636
AN -111 -1 Ss* = : = = - t he

di stribution glrjerQ/aerég?n g&gﬁ%%@f@%%@ﬁ&%&g r%z%én\%%{ggéélﬁgast? %F‘s par anet er
i s very sensi approximatene 30empdiamgtersy 2 cirhisigh®iodp, aithtehkogeealarniement . N-1
Al-1 Sku =i ,1 ..z4 X NVS 4 .r.0 y=0 8. i ght of the 10 points

of the surfacdSteahAf b%/ingﬁ@célf%dc fé’rﬁéirbfé@méeﬁéwaﬁf @m@gd®§@%%05 deepest
ke F10 T MPABAB 0 BOSER n et B SRRl b e e
article preparation method, including placing the sample on a tray and
covering with a lid. A porous article was produced having thermoplastic
particles fused together to form a coherent irregular network attached to
an expanded fluoropolymer membrane.

15 The permeability of the sample was measured according to the
method described herein and had an average of 51 Fraizier. The sample
was then placed back on the tray and covered with the lid and placed
back into the oven set at a temperature of 305C for another 15 minutes.
After removing the sample from the oven again, the sample had an

20  average permeability of 47.5 Frazier. The sample was then placed back
on the tray and covered with the lid and placed back into the oven set at
a temperature of 305C for a third time for 15 minutes. After removing the
sample from the oven yet again, the sample had an average permeability
of 41.8 Frazier. The permeability averages are the average of two

25  values measured. This porous article was then characterized by
measuring various properties in the manners described herein and data
for the sample made according to this example appear in Table 9 and
Table 12.

30 Example 5
A porous article was made according to the porous article

preparation method except that the Membrane D was secured to an

approximately 30cm diameter by 2.5cm high hoop, with a hose clamp
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(P12(V1 sz ; Abrasion Resistance Test 5Abrasion was tested as per ASTM
D4966, "Standard Test Method for Abrasion Resistance of Textile Fabrics
(Martindal e Abrasion Tester Method)" using a Martindal e Abrasion test
appar at uswei2012/a3psd4f ol | owi ng nodi fications. A 6.25" di aRETAIS2¢1/080686

Thce up. so t RS afEEelsRuir ot i Bagy Fond by distersed aafdn
chal | enge. The/&RBEINED dnd Kdied BEES ftheqior¥as artRm prefriiord 1. 5

dianeter circle of the hook side of hook and 'l oop fastener with the hooks
faci ng down sdnethad. Fhegrovartieayes predvasghavingta pemmealie dayerofnyl on hook

obt ai nable fr : : . 0 e nsal em PA
19020 as 15" T&“@'ﬁﬁ%"m 'ggﬁU?%%ﬁ?%%ef%?é{g?ééiC??heﬁéﬁﬁi"ﬁ%&@e?we
conducted &t megubikrattathetalsh expanded dluessmslyaer ainsiiranee Apausenent s
made-at the end of each novenent interval. |Initially, the novenent interval

i's (215 rm\éerremaﬁi‘ﬂ%ﬁ’\{qs PedHeR® havNg thernoriastitarprtioesifisedinasdierntest i ng was
ot 11 ed st o) SoneriihEguERENIdTR BachEl 1o bHLXHERAL RGPS 00eas

serving as a megmbemd ative test liquid. Water is forced against a sanple
area of about 41/4-inch dianefer sealed by two rubber gaskets in a cl anped

arrangement . Sanpl d9iSPRrausartigleyyasinesfhiamcterieed ReastBiNgAIolRe out er
filmsurfage i ai ' Wp?é ' or ced.
The wat er qlgr e?g?ﬁégﬁgﬁwge@ g%&ﬂ&?s;dﬂ{bfggﬁgeéggd bﬁ ?)tdg‘lf)%tcfm?égm by Maa%p?{mp
connect ed to aceoarding taekhis examplesappaadiic dablde ByarahTalplpri@ori at e gauge and

regul ated by an in-lin ve. The test, sa e, s at an | e, .and the
vva?er is re>c/i rcul at-lj&fl3 %ﬁl@@u@@b@}e&s% _%g{‘eg??dpﬂ@tusaﬁrﬂagggi“ﬁ@t t he
sanpl e’ s Iowerexamp‘l@,cglefﬂmnétw,fr?é‘sgqiggr@mbabmﬂﬁbg%%hrylfhiri bhdwigdid ace of

the sanple is observe or a perio m nutes for the appearance of any

wat er whi ch wh@vingoz love bakk bursivalughoftandy adplewtons, juhereaathee petaais on t he

surface is.intef e | A passin i qui dpr oof. rade i g given
for wher e?%o Iai?ttr',]‘:ﬁ‘i5 gﬁ/% \Z]ﬁh ?@'S\?ﬁ‘l’;ﬁ“Bfaé%o%ﬁW% ébﬁﬂ] %eri)T]Lﬁq%élh&%\}ﬁ??ﬁp?l&S

m nutes. A sanplce the ballibiustdpeoat 85 4ustgtohbherein, if it passes this test.
Sanpl es having any visible liquid water | eakage, e.g. in the form of :

weepi ng, pin hole leak, etc. are not |iquidproof and fail the test. The
nunber of abrgglQRfeVe! es to liquidproof failure are reported in Table 8.

The ePTFE ne d to nmake the porous article of exanple 2 was tested
as a control and hadpdusiarticle was @adecidcdatiogto fie poroes amiceeas the sanpl e
made according to exanple 2 had 150 cycles to |iquidproof failure. The
fol | owi ngzgxag?ﬁ‘?%%raﬁi?'& ”?‘?*P@‘H%GGFPURBEP{]QI Q%ﬁeﬁlﬁﬁ(}ﬁt%gwwqtm@gppon, but

ey "By oA PEPSEL RS oY 08 S FRAGY 8RB USILERAS Y 25
Membrane C, and the sample was heated as described. A porous article
was produced having thermoplastic particles fused together to form a
coherent irregular network attached to an expanded fluoropolymer
25 membrane.
This porous article was then characterized by measuring various
properties in the manner described herein and data for the sample made

according to this example appear in Table 9, 10 and Table 12.

30 Example?7
A permeable free standing material was made according to the

porous article preparation method except that the Powder A was

dispersed onto a 50um thick skived PTFE film (Dewall, Saunderstown,
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A sanmpl e of expanded PTFE nenbrane 82 as described in Table 1 was placed on
a 30.5 cmx 30.5 cmpin franme 80 having 12mm hi gh pins 84 spaced
approximately every 12mm as depicted in Fig. 17. Powder or 30 bl ends of
powder, WO 2pl12A438%94i n a US Standard Series Sieve, SievePgEWSLDuasN63e

Manuf acturin . i o, IL avi ng ,0.180 openi ngs.,. The Sjeve was
Yapped to di ShUl BRAEOTHbPREHITED ETEATe. FEWCBE AoED disne e PhiOs anpl & 82,
as depi ct ed i Bkivied-PTHEE ahbeh@ipbréddsamiclasebBritiob! metodWes followed.

2012/ 033804PCT/ US2011/ 050636 onto an al um humtray 90 measurin
appr oxi mat el y Afee the pappihwaa cony the polosientiretgular rieswork whs ¢egeotiodund t he

perineter as LG i i i i 36cm 36cm havi ng

appr oxi mat el yﬁié)g@&g&F&ﬂ:{h%)éﬂugmgﬁ%hegﬁggﬁﬁé R@?% S M?%W%Vé%aover t he

sanpl e. The 5coR¥RIrRUreRIRt etk OhiHerimeplatic pattiods fudedasgeiner asa Despat ch
V Series Oven (Despatch Industries, M nnea set to a tenperature

| ,
o 5050 for - ShPBR RSV MES ook ics< AT R 0o 1D Sesh oW e St he
| | eft 4 i .nef i d, t
R ee o por shirfale PRGNS RebUiaRRfl idtoRal™| £ T TR s 8 [omoved: o

t her nopl ast i c spaohd slUfacé 2Sdrvimpfdtiserfags degioha ATe drtie permexiplerfrad

fl uoropol ynmer nenprane. Al |l porous articles nade in the foll ow ng exanpl es
fol | owed standing martanial et Nem aiacterized By MeaskindoEiioui se noted in
the 15 ex I b i : i he

por ous ar ? ?EI ?f%%gggéf}héenméé]ﬁ ﬁ%@%;@:@giH;légglrn‘é@@gagt%goggrm%géeﬂﬁﬁ%@g%

(Dai ki n, Japamccoakngltsthis beampler appeansn Pabkded, PandMableePIFE nenbrane as 20
descri bed herein as Menbrane A and heating in the oven as described in the
porous article preparation nethod, except that it was left in the oven for
8 mnutes aft¢ygimspRVvél of the lid. A porous article was produced having a
coherent irre ar network of thernoplastic particles fused together and
attached to the expapeuaedlladieepibntingmatenbl sae nksisactdingita thée SEM
image in FLg. 1. ., This rous article ywas .then char ri zed by
measur i ng1 ar ip(S’ﬂ%usp%"ﬁlﬁ'Prie@?Pé]tf?n['ﬁg %qepﬁﬁgam 'B‘Bﬁurﬁquﬁof,% bé(nd data for
the sanpl e magdgigetcReWHOARAS50% HXREBhePaRaerC, wWas@dbpers8ddnto 42. This
sanpl e was further evaluated for abrasion resistance 30 according to the

test method d&Sen thiek sidved FTFRHEMrwalhbaindsestowadRi)dngigad aftled por ous
ticle of Ex | and ,
b unr oo = PRt AR Ryt PARHERLVER BN BT . 1 10

cycles to |iquntdpy Reje tanlaine.andBotatipigethd container éntidi@partivlds wege was nade
according to porous article preparation nmethod, by dispersing a blend of

50% by weifht OERRRRS: TReRpvdgioyas dispaiseghanteskpedd2 B apgtthe Moi@isne A The
two powders I é\%‘é J t LAt L

rotating themﬁ%ﬁ Igipﬁer uH %f|”9‘%tﬂ§a%St‘?gﬁ’éa@ﬁ%r%@e%@@%%%'&ggﬁﬁ coat ed
sanpl e was t heohprentedeguiannetwerk wescpeelioffgofttbe shivedrRoTie preduaing he por ous

article preparation t hod. A porous article was roFIuce havi ng
ther ropl ast | o ek tABAEY PRIOYS BB BRURAG CPTPar MegHIRE RBHEROT 1 r egul ar
net wor k attachﬁélmﬁ&mga @gﬁg%@%éé&ﬂfwﬁ# Y MBis p%rméaﬂ%.f §3A%Hg N the SEM

i
imges in Fig. 8A and Fi . is porous article was then
char act er 2Zed rbgteniahwas ithen chariactesized dyemeasringhvarieuspriopertiatendhe bed

herein, and dat & QoS TR & TR kR 3R Leithib Tnddl 3833 & RPear 11
example appear in Table 5. The percent porosity of the free standing
material was approximately 57%

30 Example 9
A porous article was made according to the porous article

preparation method by dispersing Powder A onto Membrane C. The
heating procedure according to the porous article preparation method

35



Exanple 3 A porous article was made according to the porous article
preparation nmethod, by dispersing Powder A onto Menbrane A, as 20 descri bed
herein. The sanple was placed in an oven according to the procedure in
Exanpl e wendi2satoed at 305C for 15 minutes. After 15 nmPAW{US2011/0806Bé d was

removed and the s |l e s left in the .oven for another.5 mnutes before it
was renoved. WP%@W?S %%@@d‘raeéﬂ\(?fﬂusf?@ﬁ%et‘ﬂ%SB ,ceg 8 B was di sper sed

onto the sanmphigermdiftadtichavasieBlfasaridgatterdd fomen dohersmméguiand the covered
sanpl e was placed back in the oven, which was still set to a tenperature of

305C. The | i dnghwoikeattachgdre am expandaciiueregalynesmentiuress, and the sanple
was left in the oveq,: i LCl r oduced
havi ng t her nopl ast ief:.hl%%:otrl gé@%ﬁ?ﬁ@% @i%rgﬁeggé&)@f@%%@&%er%
irregul ar fet pooperties actedmbanandespibedatbréinumdogatayforthe®armplenaads shown
in the SEMimges jn Fig. Fig. 4A and Fig. 4B, WO
2012/ 033804PCP Gﬁﬁmﬂ%%%%ample apPRAT 4N gaPl%%?-arti cle was then
character i zed by IMfIboRs\dHitieFad M ORES bl atatdd fof frd AR BimdRsiERAPCd

npl e nade np

herein, and data for the sa according to this exanple appear in
Tabl e 9 and Tatdhality2 A FecExmykresanplé, peasusngriliZztm wa20.8adecidaras di ng to

t he porous articl rati nmet hod exce t hat the Menbrane was
secuPe_d to antf@ﬂbﬁlf:pﬁgrﬂ 996386%%“%@?"%@? QP@‘@rﬁq{PBﬁaﬁ%%m%ﬁh a hose
cl anp i nstgad ;atoRMhdtheSELANBR § BiRhRhAt fheaBRy difR¥AS6N /r‘afgvgﬁrrgleﬁlwﬁ ed onto

10 Menbrane B, and heat ed accor di ng to the procedure in e porous article
prepar at i on méhérbhgitudiialidir mgchirecdirestivhe Tdenguteectangular samphes weter i ng

with alid. A_porous..artic was oduced hayi ng.t,h | astic ticles
Fusod t ogot hoP A e et ety BeatEs i At U SRR OkeR B8 brpanded
f1 uoropol yner gnierperagire bpTboCHer FRaRuldst YTHY sdriplesat@earefsvetaarir ed
according to the nethod descri bed herein and had an average of 51 Fraizier.

The sanpl e wagllewed tpicaekdT b dimensiomeweraneasureshaed dwe peroent he |id and

pl aced ba i t r re _0f~305C for another 15
m nut es. i%t eghﬁ(g%%@el ﬁléggﬁi&g%%gIa@df%%}rm%@lgn{%gai n, the sanple had an
20 aver age per nmeabiTlhet porelis 4rticle hadzi @ramakivallg Aghee thhermdl limepsiangd back on

the tray and covered with the |id and placed back into the oven set at a
t enper at ur e oStV asFteraorsiratad Ly e 1w percant area edustipr@fieénovi ng t he

sanple fromt @$R8¥% %E‘él%\ﬁ?{é& ’?embgfeatﬁr%'gpl e had an average perneability of

41. 8 Frazier. e perneabi 1ty averages are the average of two 25 val ues
measured. This porous article was then characterized by measuring various

properti ea in_the nners descri bed herein and data for the sanple nade
accordi ng Po 5&2&&% e appear in Table 9 and Table 12. 30 Exanple 5 A

porous arti ¢l o\ papuIRYBaREEA I FEInidh ARcRASOHDARELH S rtnd paRgBALY on et hod

&
except that the Menbrane D was secure 0 an appr oxl| nmat eﬁf)e 30cm di anet er by
2. 5cm hi gh hoddlFEnpolymerd{baikie IrdystrieapLid 1 OrangsongaNVygzc1ile 080636 i nst ead

of being securgg 8,8 R BxkbR Mobir QR FAER VA] RRRESRSpSAbA of 0.192

g/g of fine powder. The lubricated powder was compressed in a cylinder

25 toform a pellet and placed into an oven set at 70°C for approximately 12
hours. Compressed and heated pellet was ram extruded to produce a
tape approximately 15.2 cm wide by 0.73 mm thick. The extruded tape
was calendared between two compression rolls to a thickness of 0.254
mm. The tape was then transversely stretched to 56 cm (i.e., at a ratio

30 of 3.7:1), then dried in an oven set at 250°C. The dry tape was
longitudinally expanded between banks of rolls over a heated plate set to
a temperature of 345°C. The speed ratio between the second bank of

rolls and the first bank of rolls, and hence the expansion ratio, was 14:1.
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Menbrane D and heated according to the porous article preparation nethod. A
porous article was produced having a perneable |ayer of thernoplastic
particles fused together to forman coherent irregular 5 network attached
to an expaOdetr/d3Bsssér opol ymer nenbrane. A porous articl e Paa8ISpeiogsseed havi ng

T acnea o st baah s EARRS 5 M2 B BRSO hoRb rbeR "
article was theRpehriRCsRIPFHBLinRH el CitB% ﬁé@ip'&;@gi&%@t@{/%?ﬁah@ the

manner described herein, and data for the sanple e according to this
exanpl e appeathémcdaditainéd aaddhebdda im dr2oven set afl380°EROFBppEXimatedy used to

make the poro article_of this e e, nbrane D, has high perneability
but is very t%l%rﬁ%ﬁ?ﬁdﬁea—%,'s H‘ér\ﬂuﬁgf)%[ﬁ%v\%’%t engilasactprres bymepswing. 4

newt ons, V"S‘er%;ﬁghgﬁtr&%ﬁﬁé@inlééfﬁbﬁﬁﬁred%g:ﬁf)ﬁgth@réihiaﬂd%rﬁp eStill has a

hi gh perneabi | i nost twce t urst value at 11.4 newt ons.
Exanple 6 A pample nzadd atcording todbie exaopielappeanint Teabl@dlous article 20
preparation nethod except that the oven tenperature was set to 220C for the
duration of heating the sanple. Powder B was di spersed onto Menbrane C, and

t he sanpl e V\B.E)Jﬁ?é@d]ﬁs described. A porous article was produced havi ng
thernopl astic partircres fused together to forma coherent irregular network

attached to an exp#npew®us| cmpgsile/was nEslageneraiy following thehteaghingab

manner - deddr i Lo neRerPaRatan R BT Rheo dn PRt AL EPG iRt bh <
exanpl e appearExamplebltewds follovasd ekabpiethhea BD5ERAGH hick FEP film Avaer meabl e
free standing material was nmade according to the porous article preparation

met hod except l@ygied opto theldEF EAapapriar pexpansiagneverdhsmlate: nihekspegdied PTFE
film (Devall,

an expanded mg r?r%g&é%gmeérse mgggag{kggéfcgéﬁiygggﬁ/@%ﬁﬁéﬁﬁéﬁgead °

porous articl éiepcephe axpansioet fatid, was died M1avked Thaf FEP filinebsaded & was cool ,
of f of the skived PTFE producing a

t he coherent ir ul ar network was peel
free st angﬁ ng Pﬂ[cﬁgﬁgp%reﬁ Hi @eHQQi@{ﬁPé‘SS"@Gh'@Y%HﬁYQW repAndednéentsr wees

t hernopl astic i t t ; | J ,g. 19A
and Fio. 106, (0 EHFS L Hin TR 0F0N RS et MBS e
material 15, axgahtied tehsvbmaly tahea semparhtary blcppedxienelpge30°d te¢w f ace

regions 27. This pgr nmeabl e free _standing material was then characterized by
measuri ng var iraUR oL PRFABAISIL d 5) Thant dhem sABSraIBad @ngepaied di @na@eat a f or

the sanple ma } j ead i .and Tabl e
12° Bxanple 8 ohabeEnRs i Ao T B ARRE P hot8s BeMsRiB R "t ot ne
15porous aoti ¢hen perepacterizot byt medsersgpiaridiat progBriesiria thie SPYUNByr wei ght
Powder A and 50% hy wei ght Powder C, was di spersed onto a 50umthick skived

PTFE il m ( DeWSSFIIDesh hrfels i\t datd Yfor nibee sample dnaegpaseridingerior tie. The
two powders wegg |ggﬁ5galb|¥| 'Pilﬁéiﬁg theminto a | arge contai ner and
the

rotating the container until particles were

Example 12
25  The porous composite made according to Example 11 was further

processed into a porous article as described herein, according to the
porous article preparation method. The porous composite was placed
into the pin frame with the FEP side facing up, and the Powder A was
dispersed onto this surface. The sample was then heated according to
30  the porous article preparation method. A porous article was produced
having thermoplastic particles fused together to form a coherent irregular
network attached to an expanded fluoropolymer membrane. The
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20 bl ended. The powder was di spersed onto skived PTFE and the porous
article preparation nethod was foll owed. After the sanple was cool, the
coherent irregular network was peel off of the skived PTFE producing a free
st andi ng YWOr201e#03380¢i cl e havi ng a coherent irregul ar net ROTRIS@I11/050636

t her nopl astic | Gl er.. Thi [ ble. fr st anding
25mat eri al mgeﬁﬁé%?érﬁégggfﬁ%@gg%' ggtlﬁtfq,?glggg'ﬁ?‘r&%glsigpﬁﬁ%qqqsegéﬁn t he
manner descri kafabeottic podudadompaditet he sanpl e made according to this
exanpl e appear in Table 5. The percent porosity of the free standing
material was approxi mately 57% 30 Exanple 9 A porous article was
made accordin orous article preparation nethod by dispersing
Powder A ont ogmengc The heating procedure according to the porous
articl e prépafaie porooseRJdFE WERiHrahe HEEEIortingGd B 2mied0 tewasept was

foll owed. A pqQrous article was produced having thernoplastic particles
fused toget he?urg%erfgpﬁ?%s%ﬁ?\éfﬁlg tg?r@é@l‘}‘%?”ﬁgq REPRratianidedPs oThe expanded
f I uor opol yner p@%ﬁg ; | i i Ry aracterized
by neasuring vari oug&gg?%%ee\rlvta?é)slggr?ﬁpEg{h%ﬁﬁgﬁ%d&eéggi beddeﬂz-?gi%g and data
for the sanpl dispedsechticosuifang. t the bamplexaapltieerapeated dacofdiby éo it Thi s

porous article was ffﬁi,rg her evatl uategmfor t her mal .dj mensi on tability. A

d | s
rect angul ar s&MHPE @ RISPRLAURH e _dbyb‘fﬁ.r%*{srﬁré'ﬁ ¥kas Pre efhe Menbrane C
as well agpa $ANMEthefmbpRsHObakRI fused SodBrfEr tolfdrRGEe6b et frftgyularaml e 9,
such that the long dinension ran parralell”wth the |ongitudinal®™ or machine
direction. Theetwerkrattachedupan expanded fiworepqlymeemesnrana. metal tray and

heated in a Despateh.V Les n. set .. enperature of 150C for 5

m nutes. The sanpl g@'ﬁ&%ir{ﬁ%g %%Qg}ddbgo@e%x%p eogb. ﬁ‘f%gtaii _n‘é’?%s wer e
neasured and tien peizrasieritd8 hby NikagsuNes lous! dresbries mPRIgRrmafndabl e 10.
The porous article had a dramatically higher thernmal dinensional stability
as denonst r at @seibethehgrain @ncc slata foeatheegatpleimade eacesipinguite this

el evat ed np Ej\fﬂg | 10 A porous expanded PTFE nenbrane was
pr oduced. t1I%i ng&go 'erapB%Qﬁé@Hg%ﬁ%er (Dai kin Industries, Ltd., Orangeburg,

NY) was bl ended wi tTheseaante Kriicleoward\vdxlliatedrfor thelimial 8imxensidali n t he
proportion of 0.192 g/g of fine powder. The |ubricated_powder was
conpressed i n SRV Cﬁ'ée@é‘ef%mﬁ”é’ theidadr isaiepopedded aom d1adheven set at
70C for appr oxl : - Ip@s ram
extruded to p)rég é% ga\%@ ?%%rgﬁlﬁpgﬁﬁ%g@&cﬁ?ﬁhgg tgﬁ/h%é? mm t hi ck. The
extruded t ape mambraiecmathmathdessvarra stwinkagepr essi on rolls to a thickness
of 0.254 T%n The tape was then transversely stretched to 56 cm(i.e., at a
ratio 300f¥3.7:1), then dried in an oven set at 250C. The dry tape was

| ongi t udi nal | n@*ggm Eghw@ banks of rolls over a heated plate set to a
tenperature o : € speed rati o between the second bank of rolls and
the first banlAro@pprokinatehnaOuraikiek filne of kEdh@aikinrladustriesastd14: 1. WO
2012/ 033804P 2011/ 05Q836 The | i tudinall xpanded tape.was then
expanded tra%&fgﬁggévlga?\%’ ?’Qﬁggﬁgaﬁ&e"%ﬁmﬁpﬁf’ﬁﬁﬁ@tﬂ ﬁi?ég%at'% a ratio of
appr oxi mat el y rdporte@MdTAbIEH, @odsd N2i ned and heated in an oven set at 380C
for approximately 20 seconds. This porous ePTFE was then characterized by

measur i ng28vari ous properties in the manner described herein and data for
the sanpl e nade according to this exanple appear in Table 12. Exanple 11

30
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A porous conposite was nmade generally follow ng the teaching of 10 U S
Pat. Application No. 11/738,761 to Bacino et. al. The process of Exanple 10
was followed except that a 12.5 micron thick FEP filmwas | ayered onto the
PTFE t apewpr20to3ss94expansi on over the plate. The speed PATIIS2040586 t he
second bank of rolls and the first bank of rolls, and hence the expansion
ratio, was also 14:1. The FEP fil mbonded to the 15 PTFE tape as it nelted
and as the twihedyessionxgaintetis: rents were fornmed in the FEP film The

| ongi tudi nal | y expanded conposite was then expanded transversely at a
tenperature of approximately 350C to a ratio of approximately 15:1 and then
constrai ned and heat i . t 380C for approximtely 20 seconds.
Thi s porous conpﬂs?\t@&molgg aggbltg\kégﬁ]pziﬁmggcteri zed by measuring various
propertiesSin the weguoreus desubianedcdneprisimg arsécdad suffacet he sanpl e nade
according to this exarﬁ%l e aPESa]r in Tat:()l e 12, .Exa?:PI e %F 25 The porous
conposi te made acc8rANFLERITRYURH NEMWAK GRIRTISINR Mgl SyE8S8e@ Y nt 0 a por ous
article as describgd figa&itregiofor ding to the porous article preparation
nmet hod. The porous congé)si_te was placed into the pin frame with the FEP
side facing up, and tWweeRiwthe poronasmembraneseamprising the sesend swrdacerhe

sanpl e was then heated accprding to 30 the porous.article preparation
met hod. A porous arti'élazt%ﬁggﬁ? gb%%%erﬁﬁl\j'frﬁ@“[%@P%Bﬁka%?meﬁﬁiaﬁﬁ‘%| es fused
together 1@ forma coﬁrgf@nfadgéﬁggla@gad@eﬂ%%{snattached to an expanded
fl uoropol yner nenbrane. The WD 2012/ 033804PCT/ US2011/ 050636 coherent

irregular network was in part attached to the discontinuous FEP surface of

t he porous conposi : : . : e
according to Engﬁprr@elﬁ\ﬁgggﬁhcﬁﬁgaa@gc Séﬁﬁg@?ﬁ@%rgg%gggog%s article
preparation met hodthamhabgatr 2400 krapisaaid greatsr thhaagdut 0124 krhglspi n frane and

Powder A was dispersed the surface. The sanple was then heated according to
the porous article preparation nmethod. A porous article was produced

10havi ng {hier mo .a%%;%eﬁgrf(?%ib% E&méH&?éjat @9&5 he{}vh%g?iﬁ‘?ﬁé”oéh&%*h‘?r ent

irregular network att to an expan uodropol yner nenbr ane.
This articl es made irsegudadinetydrio cErgpnipée aliutaityoofgroidsSanedes affikbe o

characterized by nmeasuring varjous properties in the nner,. descri bed
herein and data foﬁalﬂ%’(@f’g}qﬁaémﬁ%&ﬁ@&ﬂ PRY & BoRiRNL ?gﬁﬁf)@%appear in
Table 12. Thesgiogane articles were eval uated for thernal di nmensional

stability as described herein and the data is reported in Table 11. The
sanpl es having a coherent irregular network attached to the ePTFE nenbrane

had much ss arga-shrinkage... 20 arative .Exanpl e An appr.oxi mately 50um
Chick 111 Afof Feb (R HROR AT pTORMA 1p ynEroim SATBuS METRARG st eat od T or
various propertiesexpandé@Pd®EEa is reported in Table 5 9 and 12. 25 30

5. The porous article of claim 1, wherein the coherent irregular

network comprises open areas.

25
6. The porous article of claim 7, wherein at least one of the open
areas is greater than about 100um in size.
7. The porous article of claim 1, wherein the coherent irregular
30 network comprises bridging.

8. The porous article of claim 1, wherein the coherent irregular
network is greater than about 5um thick.
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The invention clained is: 1. 5 10 2. 15 3 20 4. 5. 25 6.
30 8.

WO 2012/033804 PCT/US2011/050636

9. The porous article of claim 1, wherein the coherent irregular
network is greater than about 5um thick and less than about 500
um thick.

10. The porous article of claim 1 having a Sp value greater than about
35um on at least one surface.

11. The porous article of claim 1, wherein the coherent irregular
10 network comprises particles of at least one thermoplastic
fluoropolymer.

12. The porous article of claim 1, wherein the particles of at least one
thermoplastice fluoropolymer are fused together. |
15
13.The porous article of claim 11, wherein the particles of the at least
one thermoplastic fluoropolymer has an MFI between 0.3 g/10min
and 10g/10min when tested at 372C and 2.16kg load.

20 14.The porous article of claim 11, wherein the particles of the at least

one thermoplastic fluoropolymer consists essentially of FEP.

15. The porous article of claim 13, wherein the FEP has a MFI of
less than 1.0 g/10 min when tested at 372C and 2.16kg load.
25
16.The porous article of claim 1, wherein the coherent irregular
network has a BET surface area of at least about 0.35m"2/g.

17.The porous article of claim 1, wherein the coherent irregular

30 network has a BET surface area between about 0.25m*2/g and
about 5m”2/g.
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9. The porous article of claim1, wherein the coherent irregular network is
greater than about 5umthick and | ess than about 500 urn thick. 5 10. The
porous article of claim1l having a Sp val ue greater than about 35um on at

| east oneweup 2438804 1. The porous article of claim 1PCRAS2#HI1H5GBE

coherent irregul net wor k conp articles of at st, one
t her mopl astic fl ﬁ%%ﬁoﬁ’?mﬂ? rticge #ﬁ%‘%é%ﬂn%?tﬂ%?@tcﬁm@Isgf'm("’lge fherein the
particles of at |easdspan 45wt ropl astice fluoropol ymer are fused together.

15 13. The porous article of claim1l, wherein the particles of the at
| east one thernoplastic fluoropolynner has an MFI between 0.3 g/10m n and

oo m 11 wherei s Siof BdE b Gipfl 0 B TRl enEp RSB O © ©
fl uor opol yper consilgdssthapsoiut 8edy of FEP. 15. The porous article of claim

13, wherein the FEP has a MFI of less than 1.0 g/10 m n when tested at 372C
and 2.16kg load. 25 16. The porous article of claim1l, wherein the coherent

i rregular networ m2/ g.

17. The porous ar?Hﬁ\%eﬁ%ggglaﬁgrlr%%?Slmﬂéﬁgﬁuﬁhﬁﬂéoﬁ]gﬁé%ga%)ﬂwrogh@fgar 30net wor k
has a BET surface aoetingendeemerabotht gbradsraiole mrttydrophitic. 5rrA2/ g. WO

2012/ 033804PCT/ US2011/ 050636 18. The porous article of claiml having a

percent area shrinkage of |ess than about 20% 19. The porous
article ofpclaim }1@_%( r fa n about 5%
20. The porous ariLch dr?%%gdﬁﬁ%%? Ifg}rf}ﬂgfr%rtﬁ@F b&lﬁ 9%@% rﬁbﬁﬁghﬁpﬁ c coating

and wherei n t he poroatngrandaieeres thedrarphs brtcc]e [BG‘E;&:irEFplelllqnor ous article of
claim1 further conprising an ol eophobi c coating and wherein the porous

article is hydrophilic. 22. The porous article of claim1, wherein the
coherent irregulap W@Wblﬁs%‘?ﬂ'ﬁ?é'o‘ﬁ@%urﬁ 1 WhdreihltBe BRREASt itedi@by ™er and a
second 15t hernopl asti c pol yne . The porous article of clfaim 22 wherein

the first thernopl aﬁwerkmﬂmme%auﬁr%ébermOMm palymiengng@ @i sacondan t he
second thecrnopl asti 0 . The porous article of claim1, wherein
TRt P egufiefant el ROTRRS: - -

t he coher i rregul rises a plurality of therrmplastlc
pol yners.

23.The porous article of claim 22 wherein the first thermoplastic
polymer and has a lower melting point than the second
thermoplastic polymer.

20
24.The porous article of claim 1, wherein the coherent irregular
network comprises a plurality of thermoplastic polymers.
25. The porous article of claim 1 in the form of a sheet.
25
26.The porous article of claim 1 in the form of a rod.
27.The porous article of claim 1 in the form of a tube.
30 28.The porous article of claim 1 further comprising a support layer.

29.The porous article of claim 28 wherein the support layer is affixed
to said coherent irregular network.
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25. The porous article of claiml in the formof a sheet. 25 26.The porous
article of claiml in the formof a rod. 27. The porous article of claiml
in the formof a tube. 3028. The porous article of claim1 further

conpri si nyoaounspesrt | ayer. 29. The porous article of cl RCHUBS01MI8636 n t he
support layer is affixed to said coherent irregular network. 30. The
porous article of claim28 wherein the support layer is affixed to said

expanded f1 uor op®b yTEE pokstik dMiElensiTchim 28 Wihekdin he SLIPHHM kgéﬁﬂ‘@éﬁi&@dt he
coherent irregular network further conprises a pattern. 3Z. The porous

article of clai m 319 saifepdandeddlusserRalener.i rregul ar network is in an
enbossed pattern. 10 33. The porous article of claim 31, wherein the
coherent irregular network is in a linear pattern. 34. The porous

article of5clai ng8Thevypmoas artidke of olagn enivhersiaghé abhdfitingglar s in a
di screte pattern. 35, The porous article of claim31, wherein the coherent

i rregul ar network iNeWarkfurbaheemeHspnaREateM.2036. The porous article of
claim1l1, wherein a ratio of thickness of the porous nenbrane to the
coherent irregular network ranges from about 1:10 to about 1:200 37. A
porous article cdZyghesporgus 25tcié oéelaih &idiwigréinlthe cohprantimggaarcoher ent
irregular network of ,thernoplastic parti %es fused together. 38. A porous
article conprising n&%%&dﬁé ﬁﬁm%?n%,edﬂ?geé%herent i rregul ar network
conprisingpa first surface and second surface; wherein the porous nenbrane
is attached to the coherent irregular network at the first surface and the
second surface. 33.The porous article of claim 31, wherein the coherent irregular

network is in a linear pattern.

34.The porous article of claim 31, wherein the coherent irregular
15 network is in a discrete pattern.

35.The porous article of claim 31, wherein the coherent irregular
network is in a connected pattern.

20 36. The porous article of claim 1, wherein a ratio of thickness of the
porous membrane to the coherent irregular network ranges from
about 1:10 to about 1:200

37. A porous article comprising:
25 A free standing film comprising a coherent irregular network of
thermoplastic particles fused together.

38. A porous article comprising
a porous membrane;
30 -a coherent irregular network comprising a first surface and second
surface;
wherein the porous membrane is attached to the coherent

irregular network at the first surface and the second surface.
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