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| NVENTI ON Pol yt et r af | UOT O€ to have a unique
combi nati on of properties including excellent chenical resistance,

25t hermal stability at high temmgg;\ggg ei;p\mgwﬁgﬂe energy and excel | ent
electrical (dielectric) properti wn to have two
deficiencies which limt its use: high cold flow or creep and poor

resi stance to i oni zmn@ sradent applicafibr est@bbﬁﬂq@a&rohaihfpefrpéﬁﬁndéfnoﬁ’UFE to make
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surface or cherﬂdlamh&dlr@ﬁé@tles The chemi cal resistance or inertness, as
well as the | ow surface energy, of PTFE and ePTFE are beneficial properties

for sone applications. But for other applications, it would be benefici al
to 35sel ectively nodify these pﬂﬁkﬂgﬁﬂﬁWradl ng the pol yner.
There has been significant research to nodify the surface or
15 Expandable TFE copolymer fine powder resins containing
functional monomers, expanded functional products obtained from these
copolymers, and processes for making them are described herein.
Further described are post-expansion reactions of the expanded
functional TFE copolymer materials, and products made therefrom.
20

BACKGROUND OF THE INVENTION

Polytetrafluoroethylene or PTFE is known to have a unique
combination of properties including excellent chemical resistance,

25 thermal stability at high temperature, low surface energy and excellent
electrical (dielectric) properties. PTFE is also known to have two
deficiencies which limit its use: high cold flow or creep and poor
resistance to ionizing radiation.

Stretching certain forms of PTFE to make microporous expanded

30 PTFE (ePTFE) can improve strength, decrease cold flow or creep, and
improve the dielectric properties without changing surface or chemical
properties. The chemical resistance or inertness, as well as the low
surface energy, of PTFE and ePTFE are beneficial properties for some
applications. But for other applications, it would be beneficial to

35  selectively modify these properties without degrading the polymer.

There has been significant research to modify the surface or
chemical properties of PTFE and microporous ePTFE in order to improve



chem cal properties of PTFE and m croporous ePTFE in order to inprove
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polymers containing less than 1 weight percent comonomer have been

25  referred to as modified homopolymers, or maodified PTFE, whereas TFE
polymers containing more than 1 weight percent comonomer have been
referred to as TFE copolymers. (Fluoroplastics — Vol 1: Non-Melt
Processible Fluoroplastics; Williams Andrew, Inc., Norwich, NY, at p. 19
(2000).) However, for use herein, TFE polymers containing one or more

30 comonomers at any concentration will be defined as TFE copolymers.

In some processes, dispersion polymerization of TFE produces a

resin that has come to be known as “fine powder.” (e.g., U.S. Pat. No.
4,016,345 (Holmes, 1977)). Generally, in such processes, sufficient
dispersing agent is introduced into a water carrier such that, upon

35 addition of TFE monomer in the presence of a suitable polymerization
initiator and, upon agitation and under autogenous TFE pressure of 10-
40 kg/cm?, polymerization proceeds until the desired level of colloidally
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make microporous expanded products. TFE fine powder polymer
processed by paste extrusion or expansion has high crystallinity
25  especially for the portion of polymer formed in the later stage of the
polymerization. This material is sometimes described as the shell or the
sheath of the dispersion particle.
TFE copolymers processable by melt extrusion and injection
molding include TFE-HFP (hexafluoropropylene) copolymers known as
30 FEP, TFE perfluoroalkyl vinyl ether copolymers known as PFA and MFA,
and TFE ethylene copolymers known as E-TFE. These polymers are not
fine powders and cannot be paste extruded or expanded into
microporous products because of low crystallinity.
TFE copolymers made from fluorovinyl ether comonomers having
35  sulfonyl fluoride groups, ester groups and cyano groups have been
described having the formulae:



[11.CF2=CF -0 Rf CN S5where Rf is fluoroal kyl or fluoroal kyl ether.
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U.S. Pat. No. 7,019,083 (Grootaert) teaches low molecular weight

25  melt processable TFE perfluoropropylvinyl ether (PPVE) copolymer
containing a cyanovinyl ether that is not formed as a fine powder and
which would lack sufficient crystallinity to be paste extruded and be
processed into microporous products. U.S. Pat. No. 4,326,046 (Miyaka)
teaches making modified PTFE by including 0.001 to 10 mol% of a

30 comonomer component having an acid type functional (or precursor to
an acid) group. The acid includes carboxylic, sulphonic or phosphoric
acids. U.S. Pat. No. 4,326,046, teaches that the particle of the modified
polytetrafluoroethylene comprises a core made of homopolymer of
tetrafluoroethylene and the modifier component is included in the sheath

35 layer. U.S. Pat. No. 4,326,046 does not teach paste extruding or
expanding the modified polymer. Materials having the high modifier
component polymerized in the later stages of polymerization would not
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SUMMARY OF THE INVENTION

This invention relates to functional TFE copolymers comprising
25 TFE and at least one comonomer that comprises a functional group.
The functional TFE copolymer has functional groups that are pendant to
the polymer chain. The pendant functional groups emanate from a
branch in the polymer chain. The functional TFE copolymer can be
expanded (stretched under controlled conditions) to produce
30  microporous expanded TFE copolymer material, having a microstructure
characterized by nodes (1) interconnected by fibrils (2) (as exemplified in
Figs. 1 and 2).
A process for polymerization of these monomers to produce
functional TFE copolymers is described, as well as dispersions of the
35 functional TFE copolymer. Moreover, functional TFE copolymer fine
powder is described that is paste extrudable and expandable into
microporous functional TFE copolymers. The porous functional products



species to a functional group; Fig. 4 is a representation of a group
substitution reaction of an initial functional group, wherein the initial
functi onavognupsss reacted to forma secondary functi oralr/use@upi90iSFi g. 5
is a representati on of an immbilizati(‘])n of a bhioactive SEeci es to a
secondary funt PERFHCEGRYEXPansion of thepolymes, anpdppetians efithepospusan

i mobi | i zat i onfigfcti@naPBEErcopbniericmbtarlld arpdedtrided. 20 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Descri bed herein are functional TEE
copol ymers made from an aqueous di spersion pol ynerization process, and
processes for forming 25 fBREDDESCRIRFIONOF THERIGUMRESFE copol yners t hat
are paste-extrudabl e and expandabl e. The functional TEE copol yner conpri ses
a polynmer of TEE and_ at |east one conmononer that contains a functional
group. The TEE copolRjgveh SEMmhotepicregraph ofian axpenged sheet afifenpléoniint to

the polymer chaFg cdbdNmeefkehsatPOYIEE hadgPificaBkhng the functional TEE 30
'at | east one conpnoner contajning a

copol yner fine powder Tr E nd )
functional group. F I‘Q-I?e%[%\gé’gpﬁ%'@@r?@aphé’fﬁﬂ&)‘@§896@§h8§bﬁfﬁﬁéﬁt'qﬁ
copol ynmer havi n‘gEfw‘pnt_ lymﬁata@h@upss),@nn)e'ma@d.ifgc@qm_}_tlzhe fi nle powdﬁr s, and
processes r reac e us expanded .TEE. copol yner..havi ng
functi onal Egr oups.. 5&?&2 '3 SWEF%ER@BB@FQrm@%Eﬁ%W@o&& 'é’a‘ﬁ:“@ pol ymer
E:onpr:c5| n?_ onefpﬁ_fégert@a(f?mmaé_ grmp;anéj?concent ration. As used herei \r;\ot he
erm functiona : i Ff :

2012/ 039883PCT/ u_szofﬁ%ﬁé%ggé?ﬁgﬁﬁgfhgl 5‘?%8%8@553@9?@*%%@?%% t he
pol ymer chai n il dunctional gy whesginthe Intialdupetianal groun isgeapled to
copol yneri zi ngfdf-ﬁEa\yieban[]ﬁ@tﬂj’n%| @pwg’ag a functional group. The

n

functional  JFE copo s may be expanded i.nto nj.croporous materials. The
expanded fh%cti onal Hé”%@ 8d B'Tefﬁﬁfég'o @nﬂmnﬂq’@'ﬁt@@e%fs%g'oéégﬁi bed herein
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with TFE in a @ifopeticriabgreup.yneri zati on and when 10i ncorporated into the
pol ymer introduces side groups conprising functional groups that are
pendant to_the polynmer chain. Functional conmononers which may be useful in
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at | east one fluorine

Described herein are functional TFE copolymers made from an

aqueous dispersion polymerization process, and processes for forming

25 fine powders of the functional TFE copolymers that are paste-extrudable
and expandable. The functional TFE copolymer comprises a polymer of
TFE and at least one comonomer that contains a functional group. The
TFE copolymers comprise functional groups that are pendant to the
polymer chain. A process is provided for making the functional TFE

30 copolymer fine powder from TFE and at least one comonomer containing
a functional group. Further described is the microporous expanded TFE
copolymer having functional groups obtained from the fine powders, and
processes for reacting the microporous expanded TFE copolymer having
functional groups.

35 The term TFE copolymer is defined as a TFE polymer comprising
one or more comonomer at any concentration. As used herein the term
functional TFE copolymer is defined as a TFE copolymer having
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salts esters- Cet Ion@tmunﬁéh@t Jeej penglary fo the l?i?')(/ﬂne@pb@ﬁ fonedasalor nitriles

comonomers which may be useful in this invention include fluorinated
and perfluorinated monomers. Fluorinated monomers contain at least
one fluorine atom. Perfluorinated monomers have at least one fluorine
atom, and no carbon-hydrogen bonds and no carbon-halogen bonds
other than carbon-fluorine bonds. Suitable functional monomers have
the general formulae given in Table 1 where Z is defined as the

15

20

25

30

35

functional

group, examples of which are provided in Table 2.

Table 1. General structural formulae for comonomers

CXy=CXZ

X: H, halogen, alkyl, fluoro alkyl

CX=CX-R-Z X: H, halogen, alkyl, fluoro alkyl

R: alkyl, alkyl ether, fluoro alkyl ether, perfluoro alkyl
ether

CF,=CF-O-R¢Z Ry. fluoro alkyl or fluoro alkyl ether

Functional groups which may be incorporated into the copolymers
as pendant groups, include but are not limited to the functional groups
listed in Table 2. As used herein, the term functional group specifically
excludes ether groups (C-O-C), and groups formed by carbon-halogen or
carbon-hydrogen bonds. These bonds are described as -CX,- or -CX3
where X is either halogen or hydrogen. For purposes herein, while
chemical moieties including ether groups, and chemical moieties formed
from carbon-halogen bonds and carbon-hydrogen bonds, are not
considered functional groups, they may be part of a functional
comonomer comprising a functional group that is suitable for use herein.



am nes-C-NH2, -CGRNH, -CR2NR1, -C R R2R3N+ where R Rl, R2 and R3 are

al kyl or fluoroalkyl amde -C=0, -C=0 11 NH2 R1-N-R2 where R1 and R2
are al kylworofZdazesseal kyl carbonyl halide-XG=0 where X i CF/Us201TI04®as f onyl
hal i de- SOZtheie! é 2 SEF E d ! sul foni c acid-SO3H or salts

sul f onam de- S HN- SO02- anhydri des- C(0) - 0-(0) G

car bamat esO=CONH- WO 2012/ 039883 %iﬁll/ 049058 sul fidesCGS-C

di sul fi desC SS- C cyakahelSoceN phosp‘ﬁg‘rﬂ acid or salts0-P(=0)0H2

aldehydes —CHO

5 ketones —C=0
carboxylic acids =~ —COOH or salts
esters —COOR, -OCOR

where R is alkyl or aryl group

10 cyano or nitriles —O=N
amines —C-NH2, —C—RNH, —C—R2NR{,
—~C-R4RoRaN+

where R, Ry, Rz and Rz are alkyl or fluoroalky!l

15
—(=0, —C=0
amide | |
: NHz Ri—N—Es
where Ry and R are alkyl or fluoroalkyl

carbonyl! halide —XC=0 where Xis F or Ci
25

sulfonyl halide —S0,X  where Xis F or Cl

sulfonic acid —SO3H or salts

sulfonamide —S0O2NH;

sulfonimide —S0O;—NHN—SO,—
30

anhydrides —C(0)—0—(0)C—

carbamates O=CONH—



10triazine NN 11 /CQ 15 am dine-C(=NH) -NH2 i socyanat e- N=C=0 O her
functional groups include but are not limted to sulfate ester, 20phosphate
ester, thwolp12asvsse, carbodiim de, imdazole, azide, azipdwussagnenss al kyl
benzene, phenol, cag&l $§% and the I_i_%_e_._ Anot her aspect of this

i nvention includes B ess for réac in% t he expanded functional TFE

copol ynmer conprising pendant functional groups where at |east sone of the
initial pendant fungfsiuma?g groups phag.@5result fromthe polynerization
process, form secondary functional groups that are different fromthe
initial pendant functional groups as depicted in FIG 4. In one enbodi nent,
as depicted in FIG C)?anaﬂegroup subspi=ari on is depicted as Y being
substituted for the functional group R Further reactions of the secondary
functional groups are possible and in sone 30 enbodi nents, for exanple, may

formtertiary funct hg{}%grhe&ﬁ?agﬁ é)r%aqtge expan@)e_gggg(’?‘)(%@gol ymer material to

further change the an expanded functi copol yner materi al,
e.g. to obtain a desired chem cal property. The general fornulae for
conononer sl®f this triazémgion are giv IGD\BSi n Table 1. The concentration of

t he conononer containing a functio grRup in the resulting functional TFE
copolyners may be less than 5 nol% or less than 3 nol% or |less than 2
mor/o, or less than 1 nmol % or lessithan 0.5 nmol % The concentration of

conononer having a WD 2012/039883 /l)S 11/ 049058 functional group in the
resul ting functional TFE copol ynefs be* greater than 0.015 nol % greater

than 0.04 nol % greater than 0.07 nol greater than 0.1 nol % greater than
0.5 nnol % !yreater than 1.0 mol % greater than 2 nol % or greater than 3

nol % 5 The concent pgti;qa of cononongf— t aynbng a functional group in the
resulting functi ona?ﬁil@éecopol ymer sn@ ymﬂg gg‘?\%een 0.01 and 5 nol% 0.01
and 3 nol % or 0'01i£'&9aﬁafér0| % andycanope neasured according to the

met hods descri bed herern.

Other functional groups include but are not limited to sulfate ester,
20  phosphate ester, thiol, imide, carbodiimide, imidazole, azide, azido,
styrene, alkyl benzene, phenol, catechol, and the like.

Another aspect of this invention includes a process for reacting
the expanded functional TFE copolymer comprising pendant functional
groups where at least some of the initial pendant functional groups that

25  result from the polymerization process, form secondary functional groups
that are different from the initial pendant functional groups as depicted in
FIG. 4. In one embodiment, as depicted in FIG. 4, a group substitution is
depicted as Y being substituted for the functional group R. Further
reactions of the secondary functional groups are possible and in some

30 embodiments, for example, may form tertiary functional groups on the
expanded TFE copolymer material to further change the nature of an
expanded functional TFE copolymer material, e.g. to obtain a desired
chemical property.

The general formulae for comonomers of this invention are given

35 in Table 1. The concentration of the comonomer containing a functional
group in the resulting functional TFE copolymers may be less than 5
mol%, or less than 3 mol%, or less than 2 mol%, or less than 1 mol% or
less than 0.5 mol%. The concentration of comonomer having a



At | east one functional conononer may be polynerized with TFE 10to provide
a copolymer having a nmultiplicity of pendant functional groups. Mre than
one functwornal2/sesssnoner nay al so be provi ded. Wher e noPETIUS20M1.08®58
functional con

ononer, is i de t he fu cti noner s provi de
the sane or di ?Lf IgRg! er‘j’HBt'?g’?leafegéﬂltg\?pfynP Igf}? ﬁ%cgorﬁ?r% B’aty@/pol ymer
chain. Additi ogegdtgs thaned.0fl 5 molt, woeatel SranudCtinoolés, greatendinam 6.07ay be
copol yneri zed g]ﬁt_nilzf b ' ,(‘e%@aq o form
t he expandabl e &I&)C-t&?%atgf] 1%0'/8@1?2%3@%8%;@%2}19 unc |ona(? groups.
Non- f unct i onal Mo Beeatesthane? ﬂ’é?'?/or\@dgf:ﬁﬂt@r thaas3 ewienoners that do not

result in pendgnpg db‘h‘&@ﬁ!r% oﬂé@rHBﬁo@n@r bbmaﬂﬁhymﬁnéﬁ@dﬁgré\ﬁ@mﬁheﬁ i onal
20conpnoners i ncl ut .are ﬂg%cglmte toflu ro-ol efi

ool orers oSl fpcoEs) PRYIMess Y b% ReReerinOd arkks ial%: onet hyl

vi ny: et Eerg, BEVEafid8rrhbldor&ed. 0y landi Diylol%t Ard kaarme REsEUgReaddoudingpr opy|
Vi nyl ether

. odi nent, a functional conononer
conprises a 25”%%\? '}Rﬂs (Jg%?glgggf ré?%'@ general formul a CF2=CF- ORf Z, where
Rf represents a fl udideastiope fgnctignabpoinonatriey may be poeerized witle T&E 30 nore
oxygen(s) d I f cyano
oy s e%‘ I ﬁ) h?{ﬁﬁ&é%%&%ﬁ/rﬁ% H%\hr?ﬂaé m@ﬁ&?ﬂﬁy cffgy@naém ﬁm%tlogaw?guﬂ?@
carbonyl hali déllorgdha@@ye fhacptmn@l cemoNgIes Mary alserbespriovisleds WVherani de,

sul f oni m de, arr‘r'ib’r@rthgﬁonélfbﬁétﬂﬁval BHRDRBATI Gs ﬁﬁd\ﬁHéH tisakdnctiondr oxyl

(al coh_o! )_, sul fate esters \)o(g%fe esters soctlyfa att t hi ol , . 35i mde,
carbodii m de, CRIMPDLHIS Mg 8'@9 hgsanae oF & re% KDFtiQTial gEoups nol ,

Icat teCQO!, and bh@pbnﬂ@nttEltbelp@WmMcl‘@meﬂider snewy marelnghe conmonomer s
isted in s
5Cyano vings elistionsfeBeromp Rl g BonoThERzed WS, traAbd B RS RS 4l 1y
et her group. ||o|na§unettonaécemmpnmtarf@rm tm@@@i@mdim\alfﬂﬁﬁere n=2-12,
or preferably %ggﬁlrﬁb\,\ﬁh@wnﬁﬁgggﬂ_ it irfcnionS§otps - Nor-fdnt&Raicr3) - ON wher e

n=0-4, or prefer
comonomers are defined herein as comonomers that do not result in

pendant functional groups on the polymer chain. Non-functional
20  comonomers include but are not limited to fluoro-olefins i.e.,
hexafluoroproylene (HFP), fluoro alkyl vinyl ethers; PMVE
(perfluoromethyl vinyl ether), PEVE (perfluoroethyl vinyl ether) and PPVE
(perfluoropropyl vinyl ether).
in one embodiment, a functional comonomer comprises a
25 fluorovinyl ether of the general formula

CF,=CF—OR+Z,

where R; represents a fluoro alkyl group optionally interrupted by one or

30  more oxygen(s) and Z represents a functional group from Table 2. Z
may be cyano or nitrile, aldehyde, carboxylic acid or salt, ester, amine,
amide, carbonyl halide, sulfonyl halide, sulfonic acid or salts,
sulfonamide, sulfonimide, anhydride, sulfide, phosphonic acid or salt,
hydroxyl (alcohol), sulfate esters, phosphate esters, isocyanate, thiol,

35 imide, carbodiimide, imidazole, azide, azido, styrene, alkyl benzene,
phenol, catechol, and the like. Fluorovinyl ether monomers may include
comonomers listed in Table 3.

10



OF2=CF- [ OCF2CF( CF3) ] x- 0- (CF2) n- CN where x=1-2, and n=1-4; and 15

CF2=CF-0- (CF2) n- O- CF(CF3) CN where n=2-4. One preferred type of nononer

i ncl udes woerbinmsssaat ed pol yethers having a nitril e gro®epTAsdo1a/049058
trifluorovinyl ether group, including perfluoro(8-cyano-5-

met hyl - 3, 6- di oxa- 1-octene), 20CF2=CFOCF2CF(O0F3) OCF2CF2CN. Sul fonyl fluori de
vinyl ethers OF2= CFCRf SO02F 25\/\/nere Rf is a fluorinated al kyl or al kyl ether

group. Illustradiw S . E ) .
0F2=CFOCF2CFOCFZCtF230 3 ‘ FOCFZCF2S02F C F3C F3
CF2=CF0 CF2 CFO CF2 CFZ S2F F2 0 CFS One preferred sul fonyl

fl uori de-coqt ai ni ng kethessSperfluoro(3,6 - dioxa -4 - nmethyl - 7 -
oct ane sul fonyl fluoride 5 t %EIZ_ CEZC% CFOCF2CF2S02F 10 CI F3
where Ry is a fluorinated alkyl or alkyl ether group.
lllustrative examples are:
¢ CFy=CF—O(CF2),—CN
10 where n=2-12, or preferably where n=2-6;
o CF,=CF—O[CF,—CF(CF3)—0]—CF>—CF(CF3) —CN
where n=0-4, or preferably where n=0-2;
e CF,=CF—[OCF.CF(CF3)}x—0—(CF2),—CN
where x=1-2, and n=1-4; and
15 ¢ CFy=CF—O0—(CF;),—O—CF(CF3)CN
where n=2-4. One preferred type of monomer includes
perfluorinated polyethers having a nitrile group and a
trifluorovinyl ether group, including perfluoro(8-cyano-5-
methyl-3,6-dioxa-1-octene),
20 CFo=CFOCF,CF(CF3)OCF,CF,CN.

Sulfonyl fluoride vinyl ethers
CF,=CFOR{SOF

25 where Ry is a fluorinated alkyl or alkyl ether group.
lllustrative examples are:

CF2=CFOCF2CF2SO2F

CF,=CFOCF,CFOCF,CF,SO.F
I
30 CF3

CF2=CFOCFzClFOCFzClFOCFzCFZSOZF

CFs CFs

* CFo=CFOCF;CFOCF,CFy309F



Acid or ester vinyl ether or other acid precursors CF2=CF-O Rf-C OR or
CF2=CF-[ OCF2CF(CF3) ] m O(CF2), - (CH2) pOOOR where Rf is a fluorinated al kyl or
al kyl et hwo 2gr2o03pss3nm=0- 20; n=1- 10; p=1-4; and R=al kyl . pCirlussdain atsose
exanpl es are: CF2=CF-[ OCF2CF( CF3)]-0( CF2) 2- CH2COOCH3
CF2=CFQ( CF2) 3CH2000CH3 CF2=CF- OCF2CF( CF3) 0OCF2CF2C000H3 nr nm(rx nnne.H
2=. .. .. 3 CFR2=CFQ( CF2) 1- 8C00C2H5 CF2=CFOCF2CF(0F3) 0CF2CF2CF2C000H3
CF2=CFO( CF2) 1. 8P(0CH3) 2 CF2=CF-[ OCF2CF( CF3)]-0CF2CF2COM

CF2=CF- [ OCF2CF( CF3) ] - OCF2CF2CH20PQ( OH) 2  CF2=CF[ OCF2CF( CF3) ]

- OCF2CF2CH2- 000NH2 Hy dPas preferradisudongfiiorides INOg BTFEEBMEDISCF2) nCH2OH
where p=0 o 1; meO- 1%) eriToroR9s WiBRa - thE@) D70 ool sivefy>0.  Lhen

p=1. Illustrative exanples are:
fluoride),

CEo=CFOCF, '-’IJFOCFQ CF2S8C0.F

10 OFs
Acid or ester vinyl ether or other acid precursors

15 /O

CF2=CF—-—-O——Rf—-—C

\OR
or

CFy=CF—[OCF,CF(CF3)]n—O(CF2)—(CH,),OCOR

20

where Rt is a fluorinated alkyl or alkyl ether group; m=0-20; n=1-
10; p=1-4; and R=alkyl. lllustrative examples are:

s CF;=CF—[OCF,CF(CF3)}—O(CF3)>—CH,COOCHs;
25 ¢ CF,=CFO(CF,);CH,COOCH;
¢ CF;=CF—OCF,CF(CF3)OCF,CF,COOCHS;
¢ CF,=CFO(CF,);.sCOOCHS;
¢ CF,;=CFO(CF3);.8CO0C;Hs
e+ CF,=CFOCF,CF(CF3)OCF,CF,CF,COOCH;

[
35 o CFa=CFO(CF2)15P(OCHs)2

o CFy=CF—[OCF,CF(CF3)]—OCF,CF,COOH
e CF;=CF—OCF,CF(CF3)]—OCF,CF,CH,OPO(OH)
e CF=CF[OCF,CF(CF3)] —OCF,CF>,CH,—OCONH;
40
Hydroxyl vinyl ethers
CF=CF(OCF,CFCF3),Op(CF2)mCH20OH
where p=0 or 1; m=0-10; n=1-20; when m=0, then p=0,; and
when m>0, then p=1. lllustrative examples are:

12



1 CH2=CH O CH2CH2- 0- CH2- C-OH CF3 10 Ot her conononers suitable for
use in making TEE copol yners descri bed herein include conononers listed in
Tabl e 4. Welhe/089886x her functional fluoro nmonomers 15 EEZASEEDDH05S
CF2=CFCF2CF2S02F CF2=CFCF2QCF2CE2S02F = )

CF2=CFCF20CF( CF3) COOCH3 20 %‘%ﬁ&ﬁ%?g%é(%ﬁs
CF2=CFCF20( CF2) 4COOCH3 The @bb5eOCFaCro0FiGHe@Hri ed out by an aqueous

di spersion polynerization process to produce a fine poai_mlﬁr resin, by

nodi fyi ng 25known processes (e.g., U S. Pat. 4,016, 345/to Hol mes). The
addi t?/on of the functiondl céHETSHETCorCoCHomI - r—€Bmonomers to the
reaction vessel is controlled. Sufficient dispersing gnt I's introduced
into a vvat? carrier where upon addition of TFE mononef in the presence of
a suitable éol ymerization initiator, and upon agitation and 30 under

aut ogenous TFE pr esgther obmdAorerkglitafle faolsandrmarihyFpeosspa@rsinti | the

< reached andderg et bbRin Al REAREioRREEIHGND pRBR AT o The T

pol yneri zation reaction is the functional TFE copol ynmer dispersed within an

aqueous col | ol gaygliyS R Ylincfish fG6rSARAHMEN .  TFE mononer i s

pressuri zed i nto ammaotoct ave contarmrng water and pol yneri zati on
initiatorsl3along with par abFpTChaf2k o suppress coagul um formati on, and an
enul sifying agent. The addi tForcPEFLOR, Ot i onal conmonomer or optionally

S0 qut aThe. process. cotp EECERErGTIERSRE cononomers prior to. ¢
o CF,=CF(CF»)0.sCOOCH;
¢ CF,=CFCF,0CF(CF3)COOCH;
20 e CF,=CFCF;0CF(CF3)CF,0CF(CF3)COOCH;
¢ CF,=CFCF,0(CF2)sCOOCHs;

The polymerization is carried out by an aqueous dispersion
polymerization process to produce a fine powder resin, by modifying

25  known processes (e.g., U.S. Pat. 4,016,345 to Holmes). The addition of
the functional comonomer or optionally other comonomers to the
reaction vessel is controlled. Sufficient dispersing agent is introduced
into a water carrier where upon addition of TFE monomer in the
presence of a suitable polymerization initiator, and upon agitation and

30  under autogenous TFE pressure of 10-40 kg/cm?, polymerization
proceeds until the desired level of colloidally dispersed functional TFE
copolymer particles is reached and the reaction is then stopped. The
product of the polymerization reaction is the functional TFE copolymer
dispersed within an aqueous colloidal dispersion.

35 In one embodiment, TFE monomer is pressurized into an
autoclave containing water and polymerization initiators, along with
paraffin wax to suppress coagulum formation, and an emulsifying agent.
The addition of the functional comonomer or optionally other
comonomers to the reaction is controlled. Where the comonomers are

40  liquid, the process comprises emulsifying the comonomers prior to
adding the comonomers to the reaction vessel. The comonomers are

13



addi ng the conononers to the reaction vessel. The conononers are WO
2012/ 039883PCT/ US2011/ 049058 emul sified as enmul sions in water containing a
surfact anwp 2pr2f3essabl y a fl uoro surfactant. Bot h Phe/uspmant900$

functional comononer added and the starting time of the conpn r addition,
are det erni nedeg&@fﬂe%ﬁst%lﬂﬁ'ggﬁH%Wag:cro‘??@é%f‘wgtq 3Wf%?taf‘h@r%r%f?gﬂgﬁer in the
resul ti ng copoflyomrswfattamte pol yneri zation reactivity of the conmononer. The
step of adding the ' W 0, ed and
the time in the pol %‘WWSHW@@M@%'@Wh ded éﬁé&n@‘%ﬁﬁsﬁ“ﬁs added,
is controlled tlm%@ﬁheeommomw&%m@ﬁgéetermlmbﬁs$<épn>th@d@plr@d ely
10reacted og cepfcdmehtion diftRe ROMOIRMaH tIR rddUMGRSSoNRERaRl the

pol ymeri zation i s about, 80- 90%,cor}gl ete. The St'ﬁl}gq of c%nt nui ng

pol yneri zat i onPONM&IIZaen drasthyity\of digppaoarner cbiee step racjﬁcﬂﬂﬁmﬁ ng the
Cﬁrm]p_orrelr |18 t2 bg/rrn]?byrh@,r iinclmdiir@thy?ﬂaaﬁ’q ofcsonsd t’ic{)rﬁeroédd?éb]lc N the tifhe iﬁFElg % _
the fina - 0 of, t he. ization in. absence of. canngnoner. S
provi des a fun&lq B%IXWGFEE&&%g‘éfcgb‘n(yﬁl%%/\fvﬁﬁhﬁﬁﬁﬁommefrl'? ﬁﬁﬂ?golﬁ t he
nmaterial producentrolfed toeadsase thidl-t2e Yonfonbiverpe ysentiatigtcooplefehe resul ting
functi onal y JFE,COROL WIBHNEGRES in ﬁb&@&@eﬁééﬁﬁ?Bmo%sé%%f&)éi%ﬁedab' e into

m croporous structures. |I'n one enbodi nent, e"process 1ncltdes renoving
the 20 conpnonBplyprerizetion iBeheuiB®80scermpiete.ohhefstemefl gentinwing zati on, by

for exanple, eyg ' hh&ft&0osRa EdmbRY&IP assi st ed
distillation. Eu%ggégr{fgﬁgl , the ojﬂgwy rirggt i og r%?ﬁ#fgéor%o%gﬁﬁggﬁ

nd
conpl et ed. Af t EPTOHPPIREIN 18 PelMesization PERcesst rNsists A Mg Tiziag T% ri ses
25col | ecti ng t For thgfieal$0-@0%%p ef theopolpiepaafiorcinethe\dbisencs @fpomd@Bnidie St eps

e S R L TN T T
removed from t hatetalypredueed inothevastskl-20%i ofithepolyrmeérizadioer Eved coagul at ed
o e s TR RRobe o i faec Srtnipester s Il ed e
and expansi on. €xpandable into microporous structures.
In one embodiment, the process includes removing the
20  comonomer prior to 80% to 90% completion of the polymerization, by for
example, evacuating the comonomer at low pressure or by steam
assisted distillation. Subsequently, the polymerization of TFE is resumed
and completed.
After polymerization is complete, the process further comprises
25  collecting the aqueous dispersion of particles which comprises the steps
of lowering the temperature to about 20 °C, removing it from wax, and
removing it from the polymerization vessel. The aqueous dispersion is
removed from the polymerization vessel, diluted with water and
coagulated into fine powder by methods known in the art. The fine
30  powder is dried in air or under vacuum at 100 to 200 °C prior to
processing by paste extrusion and expansion.,
In one embodiment a blend of functional expandable TFE
copolymer may be comprised of a functional expandable TFE
copolymer mixed with another TFE copolymer having a different
35  concentration of functional comonomer, or different type of functional
comonomer, or with a homopolymer of TFE or a modified TFE polymer.
Expandable polymers suitable for blending with the functional

14



I n one enbodi nent a bl end of functional expandable TFE copol yner may be
conprised of a functional expandable TFE copol yner m xed with anot her TFE
copol ynmerwbavimgoss3di f f erent 35concentrati on of functi oralr/uscrmeves , or

di ff t t f_functi ]
modi 11 ed Tpépﬁsfm@%?ﬂﬁﬁﬁ%%‘é?vgﬁg%ﬂwérby#e@%e%“ﬁ@%’@gé ETRE @ (h the
funf:t ij onzgl V\uoalgmls)as&ta{sgummz 19./Ratoe8 B%PRHAd4BeaneE 1888bIWYFer s

i nclude but arpg n@jo Id 511 edolBafiiE; BoaAs PG PERNo 2859891 (Baol & 4 S Pat .
No. 5,708, 044 (B 418 , g 20855, (1S PaENa. R .S,
o e By Oea 15609 (EsBat dspiationtiae] 119068 Tdorngpt taaiken N S

11/ 906, 877 { Ford), ap@énblferldnfadifient Bofupetiogarienganeablet TEE topsiyhmral
expandabl e TFE, c&gg{lj mer, i s bl ended w

h a_nmelt processabl e

per f | uor opol yntr ¢ WithahieltiRipce biﬁ@elbflyﬁgqpcgsgp%grrﬁUQ{ppglcymﬁrngIE i ons
tP her e&; , % hr1 ggghy atherqohunet, ico cambirdtiond thaafidhraughhasyecoruertionah U. S.

at . . 6, ; I VWIET ded with
t he functi onal "@@%@ﬁ‘&@@g@%ﬁg%h@‘w@r ?%kn@?u@gézl?{%g? )egtﬂg?%f% ted to
FFP, IF>|:A, PVDFOthemeoetemers fatorayeha btesdied syithathe fun@tlcpna&@x]?andable TFEhe bl end
of pol ymer gy ma y,%b ; C HOnskgper si on,
or bl endedﬁl) n ?%Q@Xmﬁgﬁ%@ego err@, rﬁgglﬁ?@%ﬁgﬁ%ﬁeﬁﬁﬁd‘/ﬁvgﬁ (‘:oncenr'?lroat i on of
t he conponent sfleproelrstomert angythgdikessel ect ed to provi ded desirabl e

mechani cal , functi onatheoplent @F @ofinfersmaPBEMIREd tE@Uga@wbea%mafed
conponents of a blen C '

. b | ect.ed d t t b
processed intop?%éﬂ%&%ﬁ%éggﬁg?rﬁﬁﬁég%E{/%\’/?Ef 5%@?‘?”58"6"%&‘}%?@‘522(1 ©
Imeﬁhani cal propge aedi.or dentceetratiort ef thel conspartends ot thebldlend snady ba, and t he

| ke, may SO 3 1 : g&ﬂ@Q I
t hrough an coﬁgféﬁ%%o@%%kr?@?go#siﬂ'}r%(t:)fe[}@feég&tq‘héggmacgsﬁgug %%s%ﬁg cgg? . y&gr
3,953, 566t 0 Gopegpeattiss. Pat exawples theagorpponetis@ieebland mayshe patectagto

4,985,296 to Nﬁf&\}ia@b-mét’éri‘épﬁ\a@@ﬁ@erﬁ‘r%essféd &S a FEREH fihal Matérpgt ed with
t he pendent fu

herel n. The 11 MPUNGARSIACANNRIGNa) N GaeaA G PEAPRTEeDy af { or ¢ he oxpandabl e
TFEdC?(F;OLngerer j[ St ﬁéﬂ&ﬂ?ﬁ&ﬂla’ﬁeriael,ssuchiﬁm&mbtba,Séi&caf,Oam'EI fge files; mayiake m=mn be
e S S T e
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M neral SpiriL G9lsER SbRY P! PRI, D11 396 16 B iaP Uke PRSKB. | S
4,985,296 to Mortimer. In one embodiment, filler material is reacted with
the pendent functional groups of the expandable TFE copolymer
25  described herein. The filler material may be reacted prior to or after the
expandable TFE copolymer is expanded.

Known paste-forming techniques can be used to convert the
polymer resin to paste form into an article that can then be expanded
after removing a lubricant. The steps in paste-forming processes include

30  mixing the resin with a lubricant such as odorless mineral spirits and
carrying out forming steps in which the resin is subject to shear.

The paste extrudable functional TFE copolymers made herein are
expandable to microporous structures characterized by having nodes
interconnected by fibrils, for example, by processes taught in

35 US 3,953,566 to make microporous expanded PTFE. Other processes
for expanding the paste extruded resin include but are not limited to
those methods that are described in commonly owned U.S. Pat. No.
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The paste extrudabl e functional TFE copol yners nmade herein are expandabl e
to mcroporous structures characteri zed by havi ng nodes interconnected by
fibrils, woroexas§sBe, by processes taught in 35 US 3, 95BCHA52e10/04WES
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substanti al |y 88Wagiaent e ginResitsr camprisssyin irsuexpitesgednatesiabistlibad ned by
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pendant functi oredsugedupingube metbodniescabed bewsin.i hkangthehembodimest know i n
the art. For emlﬁbegnﬁ’ﬁtéﬁbpgﬁhqﬁﬂ)te%ﬁh?#uoiwa su1 e@géff@f%n can_be

reacted with anmoni a nam roup. The
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properties_to the TFE
25  for example by exposure to elevated temperatures, to form sulfonimide

groups.
Dense articles may be formed from expanded TFE copolymer

materials according to the methods describing in commonly owned US
Pub. No. 2008/0061472 to Kennedy et al.

30 In one embodiment, an expanded functional TFE copolymeric
material is formed having a microstructure characterized by nodes
interconnected by fibrils wherein the copolymer is a TFE copolymer, and
wherein the comonomer comprises functional groups which, in the
copolymer, are pendant to the polymer chain. The pendant functional

35 groups can impart different properties to the TFE copolymers.

Expanded functional TFE copolymers, and articles made therefrom, may
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Expanded functional TFE copolynmers, and articles nmade therefrom may
WO2012/ 039883PCT/ US2011/ 049058 undergo reactions such as chem cal reactions
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t hat
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to further chaggee &;Eﬁ,d’é%tfdh tI%alngEe dé’%d]@%@r E?@%?lhﬁ@%en?aﬁtﬁﬂgﬁgam c and

material, e.g. to obtain a es re
bi ochem stt(y r geautpsonbens aﬂdea%qarwdﬁthe mmad:pendmt fgncttqreal echrsmgbl in

Tabl e 2 may |nclu efre3 betu{veen at ? 'EFR |t|aI
pendant functi 6 tierg ﬁ %rrlzrﬂ @Qcﬁfﬂﬁ%ﬁr ?rﬂhé??‘%ﬁ%w&' 1;993 @r&“péxarrpl e,
in one embodi Mgyt aréd‘iﬁé?éﬁi ﬂr&lﬁ'tﬁg inigaIddrifant ATABtbRBINGoURS, a&a6picRy @f an
expanded functional TFE copol yner COTTEI’I sing three initial pendant nitrile

groups (-ON) uﬁtgurﬁeﬂatﬁurr@erdeacmm eme@oa@@véua@mrtalgmum aretri azi ne
truct 25 he TFE ol t |
o chor cREbHP R nECSRE Rl W e BRI R e ot Fona
groups arejshemirfalioh¥l §ugkesh Wetékp@ﬁaébmFECb@cmlfmler hfatéddl o s@emsrdar y

U

functi onal grouH For exanple, initial pendant nctional groups such as
ani de function& ag@@tnﬁsnatm af palexpandethiuncinnal T o eepolysmiraateriehi | e

groups, are reac t as secondary functi onal
84 50 M4 o't hdiEdh oRdy.

groups, accordi OW ng rea -COOR + H20- COOH where R is
al kylor fluoroal kylg.q3RicEM Bioshéinftry488Etions with the pendant functional
groups described in Table 2 may include reactions between at least
20  some of the initial pendant functional groups to form secondary
functional groups. For example, in one embodiment, a crosslinking
reaction comprising the reaction of an expanded functional TFE
copolymer comprising three initial pendant nitrile groups (-CN) upon
heating to a temperature above 250 °C forms a triazine structure
25  resulting in crosslinking of the TFE copolymeric material.

In a further embodiment, at least some of the initial pendant
functional groups are chemically reacted with another chemical to form
secondary functional groups. For example, initial pendant functional
groups such as amide functional groups, acid halide functional groups,

30 and nitrile groups, are reacted with water to form acids as secondary
functional groups, according to the following reactions.

-COOR + H;O » -COOH where R is alky! or fluoroalkyl;
35 ~-CONH; + H20 - -COOH,;
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WD 2012/ 039883PCT/ US2011/ 049058 - COX + H20 -> -COON where X i s hal ogen;
-SOCOF + H20 -> -S000H;, and -ON + H20 -> -COOH 5Addi ti onal chemn cal
react i onsworoludessshe reaction of initial pendant nitrilPeTfusaetiiosswas groups
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groups conpri sing a n| E_legl e&té\é group can be reacted with other esters
nc

to forma secondary nal gro pinthe formof a different ester
group, according to the foll ow ng reaction R1- COOR + R2- COOR -> R1- COOR

* R2- COCR where R1 'A%id o !Bhér‘nﬁ:'alf "]ﬂ!luo-lr ﬁ\ecr%% gAY it exarrpl €
o ot Sl

TFE- EVE ( CF2=CF- OCF ‘PBJ 000 IS a
20f | uor oal kyl erea%ntdw ] ncéloaal %noupﬁm ammndﬁawéﬂrmgaraW%@Lms i s an

al kyl or fl uor eglsexbn@aguanétidriz geslips, Farexadmple bydre foliving headiomoner s
listed in Table 2 can be reacted using nethods that are well know in the

art, including but not limted to transam dation, isocyanurate formation,
uret formati on, dehydNogbitht»eC(28HNHuNsat urati on formati on, hydrol ysis,
am nol ysi s;,condensati on, electrophilic addition, nucleophilic
substitution, elimnation, hydrogen abstraction, Mchael's addition, and
the |ike. Were thelregpasiampieasexpanded Rmatiopal Tinlecopelyprérdwyingndant

ester groups apdh@antREdctalde R§'anghRiaPes tan g 30

functional grou gﬁgg%\@mbeactgﬂﬁ%‘lﬁbhmm a or ot tﬁwﬁbdrg]nes to form am de

secondary funcf 8T eglerpiadiony a seeiary funsiicRg! grexetn M. - coor +
NH3 -> - CONH2 fdsbf & diffddentesteidps BvbertithgRo the dblkowing rehdtic, oal kyl .

15
R1-COOR + R2-COOR’ = R¢-COOR'’ + R,-COOR

where Ry is the initial functional TFE copolymer for example, TFE-EVE
(CF,=CF—OCF,CF(CF3)OCF,CF,COOCHj3) copolymer, R is alky! or

20  fluoroalkyl group and Rz is an alky! or fluoroalkyl group and R’ is an alkyl
or fluoroalkyl group different than R,

In addition, the monomers listed in Table 2 can be reacted using
methods that are well know in the art, including but not limited to
transamidation, isocyanurate formation, uret formation, dehydrogenation

25  and unsaturation formation, hydrolysis, aminolysis, condensation,
electrophilic addition, nucleophilic substitution, elimination, hydrogen
abstraction, Michael's addition, and the like.

Where the expanded functional TFE copolymer comprises
pendant ester groups and/or pendant acid functional groups, the initial

30 functional groups may be reacted with ammonia or other amines to form
amide secondary functional groups, according to the following reactions.

-COOR + NH3 = -CONH;
-COOH + NH3 = -CONH;
35 where R is alkyl or fluoroalkyl.

Further, an expanded functional TFE copolymer comprising
pendant nitrile initial functional groups can be reacted to reduce the
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Furt her, an expanded functional TFE copol yner conprising pendant nitrile
initial functional groups can be reacted to reduce the WO

2012/ 03988B8RCI/I38RG11/ 049058 nitrile groups to am ne seecmdmtyummssi onal
groups accor di ﬁgﬂt o the follown

anot her enbodi REHE HREPRIN e égﬁ‘rﬁ?e‘%&ﬂfq%'ep%ﬁw?@ﬁc%ﬁw imife corrprl ses

pendant sul f onjdlioMingreatdionni tial functional groups that can be reacted
with amonia or other amines to forman expanded TEE copol ymer conprising
sul f onam de secondary functional groups, the 10expanded material can be
further reacted to f‘gNnﬁs@HzoNHm de tertiary functional groups upon heating
as follows.5-SOOF + NH3 - SO2NH2 - SO2NHNS02- 15I n anot her enbodi ment, the

functional TFE copol of t esent i nv tion e trea with or
exposed to radiati o ﬁPPW%Pn{/bQOﬁ'BGFt Wh% 'T%dﬁﬁéﬁ'orﬁg%%ant to
change exi sti ngobulvmrmpr@e@md@ht §u|ﬁﬂtyeﬂ@@r\wé mrtietltfmmiongrgms In one

he  f I d
The resin 20 1 UGN feasikst WP wiBRR et Bl BUBRR Sh e andea

form Thé F&papalgdentemppsingussilifoB&EMidEp st garelaryrfitretionbl groapaj thieng
pendant fupgti %Q?én@écfmerﬁ’él%\é'nclfe gf?fh%r'i’@éjdté‘d fc&forﬁh&ﬂ?o‘?%nd et%?ﬁér?h TEE. the

Because the functronal groups are OnDNONEers neri ze
pendant functi &mtlogab@r@ypart@qnme@@mgt@doﬁmsnay be 25 di stribut ed
t hroughout the m crostructure of the expanded polymeric material. The

bther or wth addit rSRa b carSwaigor SOMTANEM s, o gani o material - or
bi oacti ve speci es. Mreover, the non- functl onal part of the expanded
i t
Or eater b 95 ol 1o BB L e FARSERS P B R ) ©
][e3| ts;t 22;;3 22d pseseitlinventian rmay bettreabed with rosexphsedh tmﬁ«bammwéh@:mdggl o
unc ng nt%fiﬁg Hgaél%rsbﬂ&e 6{18%‘? %@aéﬁttfoodr}aﬁlﬁ‘érﬂﬁﬁlng 1%@81‘%&9&1

still further em ca eact an nat ural and
synthetic chemOkeuRs ehereats Bewruactanat geaupswiln Wnﬁe@fﬂbﬁ@mﬂﬂw onal groups

of the expandegddtipphl PPEIco g%ﬁfn‘?é}ﬂﬂbté?’%'l fs eXffsetiab radfiBtion in the resin
2012/ 0398835 CchH’%nzg%é /|r(\) 4388 er embodiment it is exposed in the expanded form.
The expanded microporous TFE copolymer material containing
pendant functional groups provide good media for chemical reactions.
Because the functional groups are from comonomers polymerized with
TFE, the pendant functional groups are integrated and may be
25  distributed throughout the microstructure of the expanded polymeric
material. The pendant functional groups are surprisingly available for
contact with each other or with additional chemical reagents, reactants,
organic material, or bioactive species. Moreover, the non-functional part
of the expanded microporous structure has high fluorine concentration
30  (equal to or greater than 95 mol% TFE) which results in good chemical
(solvent) resistance and stability at high temperatures which make the
expanded functional copolymer material a good media for chemical
reactions.

35 In a still further embodiment, the chemical reactants may include

natural and synthetic chemicals that are able to react with pendant
functional groups of the expanded functional TFE copolymers. Natural
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materi al s i nclude biochem cals and bi opol yners that include but are not
limted to carbohydrates, carbohydrate polyners or polysaccharides, chitin,
gl ycogen,wbepmri3pss3hepar an sul fate, pol ypepti des and pr eceiusg)iioedosgagen,

elatin, enz s, nyclej ' | i,pl.ds, r Qi 5haqrnpnes,
;g)har maceut i cgr@,alt%rﬁ%gm%@qeaﬁ Pgﬁ%‘% 3%&%02%&% tha{ %‘?@JG%Z%%A;%”S%?W&; al so
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Phat 15 pendant i gifEoder heariny Reb&aR'atcTblL DRSS afd o TRl B OUP
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reactants isncl Heggndnés Pharmatelitidals ethd sthehBreapditicesydrits.Tabl e 5, Table 5.

Repr esentative L1 st 1ol SYOLIRCS, ERLYTELE Sraea o, Ale Febgiae 19

- (CF2- CF2) - [ CFRatural@CHS3dpoldr2r CRATEIGIREOE PobGhar€raNeattte SiE-offife- SCNVE

55" ol y( ot hyl ALY 250 R BNl ool PES e g g om0

Pol y( et hyl ene polymerahaoholhe rQagtize@Hg)qﬂlp@mammV @lternatively be a

Pol y(acryl am d CHR2- H = = ' HI9) - 001-
Pol Y( di et Fg1 5| PAERGt %as%tsi%. e A e e AR el 0ol
Pol y( met hacr y| tiiteditp gyose ligted &y EeBP(®eN) 1 - Pol y(L-1 acti de) - (CH2- 000) - 35
Table 5. Repreéentative List of Synthetic Polymeric Reactants and
Formulae

15 o TFE-PMVE-8CNVE copolymer
—(CF2-CF3)-[CF,-CF(OCF3)]-CF2-CFOCF,CF(CF3)OCF,CF,CN
e TFE-VDF-HFP-8CNVE copolymer
—~(CF2-CF2)-(CH2-CF3)-[CF2-CF(CF3)]-CF2-CFOCF,CF(CF3)OCF,CF,CN
e Poly(vinyl acetate) -[CH2-CH(OCOCHj3)]-
20 e Poly(vinyl alcohol) -[CH2CH(OH)]-
e Poly(ethylene glycol) HO-(CH2-CH»-O),-H
e Poly(propylene glycol) HO-(CH2-CH,-CH»-O),-H
o Poly(ethylene imine)  -(CH2-CH2-NH)-
¢ Poly(ethyl acrylate) -[CH,-CH(COOC;Hs)1-
25 e Poly(acrylic acid) -[CH,-CH(COOH)]-
e Poly(acrylonitrile) -[CH2-CH(CN)]-
o Poly(ethylene vinyl acetate) -(CHz-CH2)n-[CH2-CH(OCOCHSz)]-
o Poly(ethylene vinyl alcohol)  -(CH2-CH2)m-[CH2-CH(OH)]-
e Poly(acrylamide) -[CH2-CH(CONHS,)]-
30 e Poly(n-butyl isocyanate) -[N(C4Hg)-CO]-
¢ Poly(dimethylsiloxane) -[(CH3)2SiO]-
¢ Poly(lactic acid) -[O-CH(CH3)-CO}-
e Poly(methacrylonitrile) -[CH2-C(CH3)(CN)J-
e Poly(L-lactide) -(CH2-CO0)-
35
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WO 2012/ 039883PCT/ US2011/ 049058 I n one enbodi rent, where the
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groups. A - COO\ﬂnﬁfmnhéw@Hacélb@w@énﬁr@fmmbél@swméfeahcaﬂﬁoexmtedwth an
am no grougoon t.he mcro E u§ expanded functional 35 TFE copol ymer

mat eri al f ofTHP 2P OHRH
2012/ 039883PCT/ uszofﬂf@@ d8 %P@DQWW?SHB%QRPVEWW%Y PgiIredgpdal so

react wth an Wﬁh%o&ﬁ%f&a?&a‘té\‘?al%ﬁéﬁ@@rh% nﬁxggngf%gc&m Oopgl TFE

copol ymer materi al rmimne groups one i ment epar| nis
i mobi 1§ zed t o exbhmplesiiererthe bizoheetdcgiohsteeal comptises hyddaglerOHed herein,

di h I hod
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25  the —OH group may be reacted with pendant carboxylic acid on a

microporous expanded functional TFE copolymer material to form an
ester. The —~OH groups may also react with an ester group on the
microporous material to form a new ester group. The —-SOOOH group
may react with an amine group on the microporous expanded functional
30 TFE copolymer material to form a sulfonamide or sulfonimide. The
—COOH group on heparin may react with a pendant functional -OH
group on the expanded microporous functional TFE copolymer material
to form ester groups. A —COOH group from a biochemical material may
also react with an amino group on the microporous expanded functional

35  TFE copolymer material to form amide groups. A —CHO (aldehyde)
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A broad array of natural and synthetic bioactive species and other |igands
such as biochem cals or biopolyners, and pharmaceutically or biologically
active novecuizm9ssenpounds, or organic material can be POTRSacted06s

ot herwi se | MobirdiF fdnt 8 bidthehtiBairh Rkl $a9 HisPfedt MHRRM AmiR§Rup as
depicted in Figure 3. A support nenber, as used herein refers To the
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organonetal l i cs, protelns, gl'ycoproterns, peptides, 20pol yam no acids,
anti bodi es, nucl ei c Aabicds, arsdyeoonatalal mpbeyutretic Hoadtiviedpeties amd othegot i cs,

t oki nes, hydrates, ol eophabics, Lipids, extracellular matri
mht or | a1 - anal of GRS Sueh s BIRANeEDNe o6 MABONTIRS, AN HMASPESHARIY S obes.

col | oi dal net al \_f‘?@lﬁlét' p oS I Cel l s,
such as, nammlb?oz;%@cggp S, rept%ﬁ%%gar{%ggmdgwdg Sﬁ%)@faiﬁc (li:ee S:EHab\% an cells,
i nsect cel 18, peactedoniothermlisesimmebilized tathenfonctiamatgrowm ofrarsupposter t ebr at es
and invertebrates | ant , cells, mcrohial cell rotists netjcally

engi neered cel In_ée,’rﬁggﬁ a&r%@?ﬁé‘%%%_@ﬁ" A?WP%&H&%HP?%?S&IS@%Q'%S'% oactive
species. |In adgiferth tHeinefdlTRE BhBIPALE fihe BBIWIEL BSsin %F%QPéﬁdé/d ruses,
virenos, and prions are consi dered bioactive species. Natural 30 and

synt heti ¢ pol yipehgneniemateial conpirgégea finaieonl VREepolyerer materiahgs be

hydr ophobi ci  y Eatabpe ey Aslstodiergh, T (5GBTS, sl 66 Wi ance
affinity adsor plerioativen@éféme dddeeptictx a0ph es, physissrBtion oy BBemisorption,

W02012/ 039883PCT/ US2011/ 049058 i ncl ude but are not limted to those |isted
in Tabl e 5, andigandiorecapladriermationr eovaent handing hveregsrykengingner ignigcol |

G0 V5t o pol yadPy fiRia of Bt Rekdheed Bloeffe oedlBPR b upDBROLEN: i

agar, agarose, ntdrhben, Boative speciepcdy vsary hpnaim, dhcldde @neymes| prgamid
al cohol , cell ul o%qi)éand_i ts derivatives, starch ,gol al dehyde, )
pol yhydr oxyet hff RaldPQAYAIRS, asganpracialligs; Potejas YNEPRIOtEING Pepligeter

functi onal »JEE ; : ihbe j i bi oacti ve
speci es rra%a_be pﬁmll}ﬁ izCIe ’tagﬁ?ﬁ@bgbﬂ%(%@g?gmié@%ﬁg84%%@%%@ fine powder
resin or expancdatibjpticy nantincycrdicer ¢\dbkinespearbohygdratds, otadptobicsTHidsopol yner
materi al as descri bed herein, by a nventi.onal  net hod includi ng,those
Caught in U S cptposhyar meyikmsterial Brdi i lndividlakoomRpnents, diesatds o
Drunhel l'er, U. ﬂuoP@éoenNerob%%Jééﬁbﬁdénnafawm'ah%ce&%lic_%ls,Féﬁ{dth@?ape‘iﬁi%§§85 to

Cook, et al. The bioactive 15species may be immobilized to the resin or

expanded pol ynéel exarapler Cells asiiateas; marpthatianiefls wieptitian cellsa@mmphibiaa t he
pendant functiaonal gr.ou t herei.n | eayi the functiqnal group avail abl e
for ot her ?éactcleﬁ s '?'ﬁgglrluse '%?ﬁ%&?hr%rp\[fa'ﬂﬁgn'ﬁicg ﬁ’tcﬁ}féq@dﬂﬂ%&mg@m_ ilized
to the resin omginRusieshraedyamd irvef@beited plaht ddiie, RSB cBy Proiists, _
t hrough reaction 20directly to the pendant functional group, as depicted in

Fi ?rtl;r e 3. In afsnedralbhenaineeied ealsi and pegareling: susheds Glitogpobdvia,iAsesuppor t I
Menber 1S Conv%rlgc?gigtgg’fi\z% gﬁ&ﬁﬁggﬁ;ﬂ&@g|o}?ﬂéﬂgfetﬂﬂ%r(Hiélggiﬁgpéntgcfeg%tgé}? : !sn' tia

funtional group as e broactrve Sspéci
i mobi | zed t o dshdrusespviteriasn ahtl pridins gire epnsislecapbiotietivé Bp&tigslr labural n yet
anot her 30  and synthetic polymers are also considered bioactive species, and may

be attached to the support member to alter surface energetics,

hydrophilicity, hydrophobicity and lubricity; to resist to protein adsorption;

to enhance affinity adsorption; and the like; examples of such polymers
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25enbodi nent the bioactive species is imobilized to the resin or expanded
polynmeric material of the present invention through an internedi ate
conponentworizat2/i3gssat t ached to the pendant functional gr@gpUSItie/ 049058

intermedi ate CoERRREMGt dFBNTE RFANEUIB tRosONREE M ThBRS, t&id@ga ildi§dsBaET es and
the support nenber, or ma%/ﬁacorrprlse a spacer arm A'30 spacer armis

i mobi | i zed on@Ee peidinited fepolyethylaner glyeol; polyprapyleneeglycelshyrpiatied in

curt ace- | nducedot: e gtk fedafly, M R RuRae" PAUBEM Reana | nt er act  ons.
The spacer ar mpoBgtHyderuiming, fdextrah @dhte, cyﬂBGé)&/rlﬁ38§r§r3B@fdé&@ﬁmh049058

honmopol yfunti onal, heterobifunctional, hetero olgﬁuntlonal zero | ength,
cl eavabl e, 5pho@B‘F%ﬂ%@PIW'UYMWC&'d'W palVinykalcolrele celydese andits i n one

enbodi nent, na oQpr I ct| onal
copol yner, corrgr ﬁ\ééetglegf gIEIaétrérfg @? gagdbna}/wrhé\fétﬁgls g pﬁ@é@lés%fr%
chem sorb af fi ant ytsfdatrivatiees, eﬁlalmod‘feréum‘trw\eﬁTEEI sopailymenad describeef t he

present invent Lon to all ow physisorption or chemisorption of the
mul ti functi onaNC&PpoPPHEhe 880 the surface of the resin or expanded

polymeric materi al t W

reactive to allow cg\r}gf%%t{\)ee%?o @ﬁ;gtk{égﬁnrﬂgﬂgt%q E)d;ﬁeiﬁ\'/@ q species or allow
cross-linkithg vad)iymen;t[lneaciml\/@lerrrresmdrlaxpangedagetymer‘blmammteorrmnmngay al so
conprise the functional pandabl e fl uoropol yner, h the function group
listed in Tabl @qﬂ ctighal I @Wn@@y‘%ﬂa@ c%ﬁﬁ li’%@{' qqp R¥ aPhyer attached
to the pendant cé%tlo%@ﬂheﬁﬁ@icﬂJHﬁwgatlfo%@QQGgF\ﬁMQ! SaPTa@QQ'@dSQM1t8|QQOf' rst

| ayer. The spacer armof the first layer 15nmay be the same or different

t han the spaceDramheﬁﬁr 1h8. Bat iVl 888y865 to Drumhalley, 86Sr Ray No5874t166nedi at e

5610185 o r uifhB1vBReid £ 25N, 5845888 Ko LRBK Bl A IoBEG hat - o
5874165 t 019r ugpetibs maylbSimiiibilize to #9. Sh® of @xﬁ&ﬁ?d%d BblyericiRSAegiani ¢

speci es including enzynmes, cells and proteins, spacer arns, may al so be
i mobi | i zed toa{sW@sp@mmh@ﬁl@%@@ﬁué@e\@bpw@th%pﬁmw fanctipnaligessm, bed her ei n

d t
R R o TS
Academi c_Pr ess enitiodiment iedsodctivalpbciesd impesbilizedatol thie iresinfoapt er 1- 8,

13-15, 17-18, 22-27, Methods, in Enz no| 03/ "I nmmobi | i zed Enzynmes and
Cells", Part BeXqudzeoymedeBBT&é'ﬁ Hhp praseptdpyentandacoydly feastion 1987,

and SS Wongj ”
Press ( Boca Rat oﬁ?“f%tégqjesn?g@? H&tuﬁﬁé‘ﬂ %}gagt %?dég%e%mﬁ%é@%ogﬂe bi oactive
species in oneaamb‘@dlenﬂmdmnenhasmn’aalsfpaa:t&madigmumcm thg salgp;tnrt mephbeénigi ted to
those listed in_ T ?ﬁt}k E?oandl but n gﬁ ‘ lco ol such
as pol yvi nyl aPeR¥Ited %R F&He Lgl? Hn sgrBUPf‘gf%q?P e 8 'n'ﬁa @8 B! such as
pol yethyl ene gy&iJ as BEp B IRWigare XU HOAFERRIY I LLAASNIRE
to the second functional group as depicted in Figure 5. In yet another
25 embodiment the bioactive species is immobilized to the resin or
expanded polymeric material of the present invention through an
intermediate component that is attached to the pendant functional group.
The intermediate component may comprise a covalent bond between the
species and the support member, or may comprise a spacer arm. A
30 spacer arm is immobilized onto the polymeric substrate in some cases,
as depicted in Figure 6, to enhance the yield of surface attachment, to
minimize surface-induced steric effects, or to enhance receptor-ligand
interactions. The spacer arm may be homobifunctional,
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such as starch pol yal dehyde; pol yester such as pol yvinyl acetate;
pol ycarboxylic acid such as polyacrylic acid; polyam de such as
pol yvi nylworoolasdssaone, pol yaryl ketone, polyazi de, pol ychiuskoiipadogbi otin,

pol yavi di n, poh¥fidp@ffuntrstay ARREMTENcRSHaY HetBRIMRIy FRRiRACLBNEMthSUCh Sas
heparin, heparan Stﬁ)lépgltjré, pol yam no - aci d, pol yﬁjtg%lyei c acld, polgtgl kane, and

the like. The sleavableaphoidyticady tabitef and theolitd., Thespaednaro,iibeae, zero

| engt h, cl eaval| photolvtjcally |abhile nd the like. anot her
enbodi nment tvvoggﬁjoﬁﬁpgngi%é&}c%g%%%%@lee%p%@@%”ﬁ]‘?ﬁﬁ Craigdé)'{j% the resin or
expanded pol ymaiilgfufBli®idl @bpelynidrecihprissd of aMeast Gt admaimthb@hagre
enbodi nents one is imobilized to the functional pendant group and the

other is nol. PRYSiRetherchamisartheffinity frr theirgsiaar expanded aPVIMENE nedi cal

device. In ano ; i ; i i o : y of a
nedi cal devi ce%”%g&ggﬂ% réc;glerﬁtmﬂ?@%é?ﬁaﬂé\e‘{@ﬁ&g@ﬂdﬁoﬁc?ﬂ'ggébef@ht i's not
limted 15to tefw muitifyndtiopbbodpdiy@enahiy thelsurfaicd oftive eesinsuch as

cat heters, ball oons, wound dressjngs, i ke; permanent inplantabl es

dthe lik
such as sut ur e§XP3RERA,PAYMEigrmaters and 3t Ie@@ﬁﬁﬂé@?%r&qm@aﬁea@& barriers,
heart and Vascﬁh@ié’eﬁig‘rﬁgﬁcﬁ\}ét%s&ﬁw%%léhﬁﬁ% tﬁ\'ii%-‘iionlckfftah&[-}ﬁéﬁ devi ces,

pl ugs, and the e, non-1 npl ant es such as collection bags, dialysis
20nmedi um €@l | species lor atlalvfarbsis|inking viithea buikathle Aroesdiirdang dgenicelmmy al so
include ex vivo or in vitro materials an ViCES suc ?s but not limted

de h
o tubi ng,  menBPERSAIT AN TR & GPEIBRSS BRI OBACE RS B GRPVEITI i ¢ v
medi um bi 0Sep@Lf ﬁge%nﬁctmnod}kbbpaigfef& ihoragieg! gl!’ﬁe e @ hay BiRStrat es

for protein & DNA lysis, and i ke. A nedical” device 25may al so
i ncl ude fabri cspmpaiseentirst layadattachad toethepandantitncligaalngrougiasdas e or

at hogen transmni ssi and the |ike. dic device ma saQ. b
bosentially angerio iyt fitarted i fal Rl Ao SEARE AT PR R kP devi ce.
that may besfabidcieé &tk §ape dripfiereRpingiethe sphckharmPbEfRNseddneelayeéen. 30
TEST METHODS Break Strength Test of M croporous ePTFE A process for

testing the break séywislgtiange of ifasnedigie eompananis, Bekysingspagartisonal

e soor st ad wi t FOSRPES VREl a8 TATIMTy \SSEERY NE e B2 O RREBEIER B, o ng
produced from ®zaKbi 5897055 ©Druniseldirr @S, IBatr Hbab8m4 185 foBrumieslion, s

general suitabili tié for expansion, and various nethods have been enpl oyed
to measure bredkSs latarNﬁ-rﬁ 198510 Gank, Whg procedure was used to produce

and test expanded begdbAR species including enzymes, cells and proteins, and
spacer arms, may also be immobilized to the resin or expanded
polymeric material as described herein and in some cases to the
pendant functional group, by many methods including those taught in
GT Hermanson, "Bioconjugate Techniques”, 2nd Ed, Academic Press

25  (Amsterdam), 2008, and specifically in chapter 1-8, 13-15, 17-18, 22-27,
Methods in Enzymology, "Immobilized Enzymes and Cells", Part B, Vol
125, K. Mosbach (Ed), Academic Press (Orlando), 1987, and SS Wong,
"Chemistry of Protein Conjugation and Cross-Linking", CRC Press (Boca
Raton), 1993, specifically chapters 2-6 and 12.

30 The bioactive species in one embodiment is also a spacer arm
including but not limited to those listed in Table 5, and including but not
limited to polyalcohol such as polyvinyl alcohol; polyamine such as
polyethylenemine; polyether such as polyethylene glycol, polyaldehyde
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speci nens made fromthe copolyners of this invention, the data for which
are reported herein bel ow For a given resin, 113.4 g of fine powder
resin i s Woentadogseget her with 130 cc/lb (24.5 g) of |separus21/04dess bl end

i's aged for abeuth ashgarch pb'iya?laer%?deCpbWeateCr%nu%h%tpdly\ﬂﬁwﬁe% g water bath.

A 2.54 cmdiameter cylindrical preform’is made by ‘applylng about 1,860 kPa
of preforning pebsathaxylieacikbyish 2ppekaeivlic acihpolyeside suLk asnspect ed to

oreformed, T ubPEOIiSFrathdit: BV RERSts) PolvRalie BEAaR BaRRTHG 2%50 20
degr ee i ncl udegoiyalvigin, Wﬁlan@hﬁol?&bp&lﬂ&fe palycgindre, poldaccharitiedédiret er and
the ramrate of m)verrent Is 50.8 cnm m The extruder barrel and die are at

room t enper &t u&, NaR&IAL Bﬁﬂ%@neﬁuwﬁ@ @OMﬁrﬁ'@ocﬂC'dﬂW@'%C @CldThe | sopare Kis
removed fromt 225-230 C.
Appr\c/)xi mat el y [b%g}é??a?iengnaghg %ngnéa&péééf'reﬁ %g%%xlﬁﬂrrﬂ o’l ng are

di scarded to elheterohinetienal, zérfoelehgth AI@v@bErrphetdlytmallpﬂamheaadtth@dle@l

beading is exp nded r at 290 to.a final |length f 127cm
Coxpansi on 1 at Tbagpngh eTBaIGoRY thehos fiore Bioackve Sercies aes RMgP 880t per

second, which ise fe B?b Ande AP ARl il Y @ 30
cmlength from nearﬁ?he g'gn? er g?‘%}]e at‘eéﬁggﬁfr h%‘?ﬁ@%tr{g I s%ermv@ld and
t he maxi nuid br éakd emblodimenie Otnens‘immosbdlzpﬂéol‘hm ﬂJm;ttlonabpﬂrlotanbgrwmre (23 C
pl us or m nus rreas tensile tester using

an initial nﬁlng t%r‘?&ﬁq{ '%1”0 Sthﬁge'g'%efjmt r gﬁérggﬁ’é'@%f'(bm%e ﬁ(ﬁ?r‘?‘m n.

Iveasurerrents | Patigdlideaice. alhﬁar@?ﬁéﬁ é]ﬂﬂo@ﬂ#brﬂ@l@é’?b%e’#&: mBferizpRver age val ue
for the two sanples. This procedure is simlar to'that described in U S

Pat ent 6, 177, 588@ponenrba nedicaskyrReT/ US2011/ 049058 Crystal | | nity

Measur enents of Exp Lnt,r obt i ned
with a N colet 550 %gq?es I%L@gﬁ% %%nglca*ﬂg%ggd%ﬂ@@% hﬂ | es
were used afd se&mporarity indflantdrnmatdritts g deorks sﬁ@h%ca&ﬁ@t&@ml and 778
cm 1) 50f interest were used for crystallinity measurenents. The degree of

crystal l'inity Raioens wowdkdressingsi ard th?ellk%me&wangn@mrﬂ@nfahlesmt allinity
% = 100 - (H77
wavenunber ( 778%57} a%ﬁ?—é@%ﬂq %%Vgrﬁggtr% %@gﬁkﬁsté:b%@%é’ grgr}ﬁh?%ﬂléeﬁgasel i ne

for the peak nead vb%&ukamwélvwastlsmxeagmadhécaﬁfoldkleorthdpadixetiwees ftHdgsind 810

cm 1. The baseli t he eak near 2363 cm 1 obtained fromthe |ine
bet ween 2200 aﬁ‘&ggh@m%n@ﬁd 9B-IPR{ALYFRIBS FHEM ag Cotesiian kRes, diRlysips

20 medium, cell growth scaffolds, and the like. A medical device may also
include ex vivo or in vitro materials and devices such as but not limited to
tubing, membranes, chromatography medium, adsorption medium,
affinity medium, bioseparation and biopurification medium, biofilters,
substrates for protein & DNA analysis, and the like. A medical device

25  may also include fabrics, garments, and the like to protect against
disease or pathogen transmission and the like. A medical device may
also be essentially any type of medical device, or a component of a
medical device, that may be fabricated from the copolymers of the
present invention.

30
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The Digilab FTS4000 infrared spectroneter was used to determ ne functi onal
groups. FTIR spectra were obtained in the ATR node by using a Pike
Technol ogwe=oid@essBe ATR with a Ge crystal 20 Wavenunbecs/useo1tiogwss i fyi ng

specific functional groups are givep MI es bel ow. Determ nation
of Conpositions of Functional TFE Gep®ty was used to quantify

conposi tions of functional TFE 25 copol yners. NVR neasurenents were
carried out oanegklsliFg oﬁg‘.l, 560 usSQQTF@Z spectronet er operating at
a resonance fr with a pul se duration of

3 ps. Spectra were Adposeseipriestiimine brosk glrength cﬁrmmtemwssed@ nm
cross pol ar§ zapkgand@giuhchbahlEmrrbputbns TFEPMND) rﬁépbéacmﬁgné bRARSEd.n_a 30

standard bore T Bruker ultra h| eI ed super con | gnet. The
sanpl es were pcﬁ'?t r‘éﬂ‘ééﬁﬁf‘gﬁh@%@ E“@ﬂﬁ‘ﬂé@: @@9 r$Hz The sanpl e
\ével ght for all( strmehée Ep‘o@&in@hﬁbéacﬂlﬂgb_?ocﬂ&e@grorﬁlmep?ﬁbul?gr:&lﬂ@d flor
ata acquisiti Sin S e en ca

Shi 15 vere exABrPR IR ARIES nEodRaaCRBt iy b e iSiobrapdn; - 123 ppm
WO 2012/ 0398839€fr¢>w5m111¢d}34|9@\58b6'm ehpdeyedveanaasumertireak strengthThThkness was
measur ed by pl 5@1'”? - r

F21000/ 30 ¢ .ﬂ'&@&”@ﬁ% éw{kia%ed%%gss% H\Qt%tael%ﬁérrgé? Bebding

Vi | | i ngen- SchweRAFIAENS, m@ he qoRrolyMalspihis isventien, the datariesasur enent s
was used. DensighjcHBasidp @p@atﬁigrem below. Density was used to calculate the

bf the sanpl e, SanpF TN Stiredstirseah 1€ BanbrsOaetieTom by
15. 24 cm wer e mEisLBCecc/to(2ded gy of rsepa@Kr Tresblehdds aged fdfalbouwtr2 Aolredo
ara v cal 15 328 Es AROh @Rl b SHIESR 155 0 phyas, L0000
formula: 15  icylindricahprajorm dsemdﬁyby(@mwpg aipost ﬁﬁi@ KRg of preformidgh (cm); |
m;gﬂ?"er&egf? ngurre TorldBdUf PRS2 cohBd - TRBSreFMAg nHedtdlftd Bh&ife it is
crack free. An extruded beading is produced by extruding the
preformed, lubricated resin through a 0.254 cm diameter die having a 30
20 degree included inlet angle. The extruder barrel is 2.54 cm in diameter
and the ram rate of movement is 50.8 cm/min. The extruder barrel and
die are at room temperature, maintained at 23 °C, plus or minus 1.5 °C.
The Isopar® K is removed from the beading by drying it for about 25
minutes at 225-230 ‘C. Approximately the first and last 2.5 m of the
25  extruded beading are discarded to eliminate end effects. A 5.0 cm
section of the extruded beading is expanded by stretching at 290 °C to a
final length of 127cm (expansion ratio of 25:1) and at an initial rate of
stretch of 1000% per second, which is a constant rate of 50.8 cm per
second. Approximately a 30 cm length from near the center of the
30 expanded beading is removed, and the maximum break load of the
removed sample held at room temperature (23 °C plus or minus 1.5 °C)
is measured using an Instron® tensile tester using an initial sample
length of 5.0 cm and a crosshead speed of 5.0 cm/min.
Measurements in duplicate are obtained and reported as the
35  average value for the two samples. This procedure is similar to that
described in U.S. Patent 6,177,533B1.
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20 Tensile Break Load Measurenents and Matrix Tensile Strength (MFS)

Cal cul ati ons Tensi |l e break | oad was neasured using an | NSTRON 1122
tensil e twetomachssae equi pped with flat-faced grips andpraT@sdeid/okdisg oad 25
cell. The gaug h. as s- h ad sgeed was 50. 8
cmmn. The sarp#e= IARESFor | ongi t udi nal
MS measur enment s, tha‘rdredg;@ecﬂamelamtamédmm @Nﬂmjlet 5@Seriesetited in the

e O e BB gierc TR o e PR SRS KRR L e machi ne
direction, al s@cammfoasﬂoprﬁaca@m%\evm reaksc@bout 236E hms'aand €78wem Yei ghed
using a 'VEtS! ebf ibrdPwerals e&mrﬁﬁgﬁ ﬂ{rﬁéb%ﬂrélﬂénfsh'ﬂ@ﬁéire%f oft e sanpl es
was taken using the Kafer FzZ1000/ I ckness sna ree sanpl es
vere then test EVSIHIRID WasCAEUsied Ry Ltsmsthee‘otl@wsreq Bnaver age of the
three 35 maximum | oad (i.e., the peak florc:a) rreasu_rerren:]s :‘Nalsl used. The

| ongi tudi nal and transve S e, ca ate ing the follow ng
equation: WD 2012/ g;g @B(éfl US20117 g@@é”ﬁﬁl’égéy?naxi mum | oad _
/cross-section area)*( density of PTFE)/ density of the sanple), wherein

t he density,of F 1 as nts
The bubbl ey%m %Ea%g'Welg%(?ﬁeb%)w%%er&sn%?g%?géwgg g?ggﬁg @ﬁ?me Lhtﬁ%ma
general teachi N§8r wAVASTNLEBR2363 0B usTh@baS@ﬁmﬂOrmqpﬁabma’bYB&er (l\/bdel
CFP 1500 AEXL Wa%rﬂld?%%bls’rrd\ﬁttﬁé hﬁé%e{v&é‘e 784 Bﬁa%mm W%Sb%ﬁ & féfenor ane

was pl aced int sa nmber an cone Fluid
(ava:ol abl ef rorrﬁifop%%n%'i g?@%lp@ | \M@s ?b%@@%ﬁo@ t@@r'ﬁ&c@t\/‘@ﬁ@lmo(ﬁndw 1
dynes/cm The Repoemtl anp of the sanple chanber had a 2.54 cm di aneter,
3.175 mm t P'%ck porous netal disc insert (Mdtt Metallurgical, Farm ngton,
CT, 40 micron porous netal disk) and the top clanp of the sanple chanber
had a 153. 175 Deteiminatin dbFanctishabGroepsapwi n sof t ware version 6.62.1

e hreend Par aTThe Tighes BTafoodtnPARE dHeRfiohbitiVial Bl6E 18°1 O The

val ues presented for € Were the average
of two measur efielarmine functlonal groups. FTIR spectra were obtained in the ATR

mode by using a Pike Technologies MIRacle ATR with a Ge crystal.
20 Wavenumbers for identifying specific functional groups are given in the
examples below.

Determination of Compositions of Functional TFE Copolymers
NMR was used to quantify compositions of functional TFE
25 copolymers. All NMR measurements were carried out on a Bruker

BioSpin Avance Il 300 MHz spectrometer operating at a resonance
frequency of 282.4 MHz for fluorine-19 with a pulse duration of 3 us.
Spectra were collected at about 296 K on a Bruker-BioSpin 2.5 mm
cross polarization magic angle spinning (CPMAS) probe positioned in a

30  standard bore 7.05 T Bruker ultra shielded superconducting magnet.
The samples were positioned at the magic angle and spun at 32.5 kHz.
The sample weight for all experiments was about 10 to 25 mg. The
software used for data acquisition and data processing was Topspin 1.3.
The "°F chemical shifts were externally referenced to the CF; signal of

35 PTFE at-123 ppm.
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20Par anet er Set Poi nt maxfl ow (cc/ m 200000 bubl flow (cc/m 100 F/ PT (old
bubl time) 40 m nbppres (PSI) 25zerotine (sec)l v2incr (cts)l1l0 preginc (cts)l
pul se delap 20pa3¥B3maxpre (PSI)500 30pul se wi dt h (sec) OP2Trase@qtoigess (sec) 30

presslew (cts) ifI owslﬁw ctés 50 . eqiter3 35aveiter20 maxpdif (PSI)O0.1
maxf di f (cc/n)i&—@kﬁﬁ%—?ﬁé%—réﬁpﬁc (cc/ m) 500
Thickness was measured by placing the material between the
two plates of a Kafer FZ1000/30 thickness snap gauge (Kéafer
Messuhrenfabrik GmbH, Villingen-Schwenningen, Germany). The
5 average of the three measurements was used.

Density Measurements

Density was used to calculate the percent porosity of expanded
materials using 2.2 g/cc as the full density of the sample. Samples die

10 cut to form rectangular sections 2.54 cm by 15.24 cm were measured to

determine their mass (using a Mettler-Toledo analytical balance
modelAG204) and their thickness (using a Kafer FZ1000/30 snap
gauge). Using these data, density was calculated with the following
formula:

15 0

_om
wH[*y

in which: p = density (g/cc); m = mass (g); w = width (cm); | = length
(cm); and t = thickness (cm). The average of the three measurements
was used.

20
Tensile Break Load Measurements and Matrix Tensile Strength
(MTS) Calculations

Tensile break load was measured using an INSTRON 1122

tensile test machine equipped with flat-faced grips and a 0.445 kN load

25  cell. The gauge length was 5.08 cm and the cross-head speed was 50.8
cm/min. The sample dimensions were 2.54 cm by 15.24 cm. For
longitudinal MTS measurements, the larger dimension of the sample was
oriented in the machine, or “down web,” direction. For the transverse
MTS measurements, the larger dimension of the sample was oriented

30  perpendicular to the machine direction, also known as the cross web
direction. Each sample was weighed using a Mettler Toledo Scale
Model AG204, then the thickness of the samples was taken using the
Kafer FZ1000/30 thickness snap gauge. Three samples were then
tested individually on the tensile tester. The average of the three

35  maximum load (i.e., the peak force) measurements was used. The
longitudinal and transverse MTS were calculated using the following
equation:
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Qurl ey Measurenents 5The Gurley air flow test nmeasures the tinme in seconds
for 100 cnB of air to flow through a 6.45 cnR sanple at 12.4 cm of water
pressur e.wohe1ssapBes were nmeasured in a CGurl ey Densonetl)err/llw«iemmglo

Aut omat i ¢ Denso The ave a e _of the t hree e 10The
ol Lo ng examplbs SHEUPARHRAT G O5E SPRCR AR AP e T LRET S but
are not to be construed as I|mt| ng dafttbe saopde)of the invention in any way.
Exanple 1 15A wﬁfé -lch_JSrrBr' i ynmer of TFE and 8-
CNVE was pr eparvréljcli‘é}f‘e &‘ nsr't?%'f'orIb a thﬁ%@?o E)EOI‘I g%ltal pol ymeri zati on
reactor equipped wth a 3-bl aded agitator was added 1.5 kg of paraffin wax,
28 kg of desi opidifle Pdint KRS Urerhents ©f ammoni um perfl uorooct anoic acid
(APFO) and 5 g"‘fTWo SUcci ni %I'f‘e g |ssoh(\é/ed i n about 50 g of DI water. The
reactor and content SRR W POre Siz§ Weereasuiede wax. The
lreaC; or V\ﬁsTlr: Eaeedsrdcﬂ tr?\metgm%dalaeécmhw@mszwmﬂ@ e:g@utngla @tanslulaqher $hor
ess) wt t he, oxygen ce ess e
content's ver o BivbFRyRgIe JURERL EFER L AR ME TR G arBus AR afa pur ge

cycles to 25 eiﬂaaca NYat Thésawgie memisradeoxggplaaed ihto3be gaotple

CCromcrootite adibar SR gy Eshdeslotfo BLR (afnEbidttom Porous o o
enul sified by Mﬁierla}siee)hawgeawswéace fB@SmeOfr%l:ﬁWeﬁfﬁﬂbrT%bQﬁﬂans added
the above 8- CN¥f fm@éhmﬁle%rmn%é}am% 3BPEMAARREETER 1 78ANT fifck eact or

was heated to 83 s then the r act or untjl the pressure
reached 2.8 Npgorwﬁfmg?ﬁq IRset (@&ﬂﬁ\ﬂe?ﬁm&'?%n ?W'U@@”gﬁf AABIGrOM ect ed at
80 m/min. untj brm@n@taﬂd@)@fndﬁﬁétmw apgeof theédeanplEihaimiss rmbampl ished in

o emont o1 “Lésgé“r?ﬁ’éia%%sf’hﬂ%m@%g% A Cahi §P€‘3Pm§%r§{°q‘1g B8R had

been added to fdlwiegpammetans wehe sstias epeefied imithedable beladdekheaf t er each

subsequent 1 k f ; t was WO
2012/ 039883PU?6%58-B:%&3%E338 Lﬁgg’g i3y rﬁéénhgﬁ’@rﬁ%dzébeen char ged. The
KMh04 addi t i onavategeridwedbeasigemants.40 m/m n at the 4 kg TFE | evel and
continued at this rate until about 6 kg of TFE had been added, at which
time the addition of n04 was stopped. 5The po rization reaction was
then all owg@ to conti %@Q@Jhe reacti on was stééggﬂéfter about 16 kg of
TFE had been added to mbagflowdct/or). The wei ght of 20000 spersi on produced
I 0,
was 49.9 kg, and the S@Llém ﬁ&g /ﬁﬁt of the dlsperS|on1 s 32.1 W% The raw

di spersion particle si f the polyner particles was 0.175 m cron.
10The pol ynmer di sper si P Twadd bublitne] t o about 15 wt %Al th DI wat er

minbppres (PSI) 0
25 zerotime (sec) 1
v2incr (cts) 10
preginc (cts) 1
pulse delay (sec) 2
maxpre (PSI) 500
30 pulse width (sec) 0.2
minegtime (sec) 30
presslew (cts) 10
flowslew (cts) 50
eqiter 3
35 aveiter 20
maxpdif (PSl) 0.1
maxfdif (cc/m) 50
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and then coagulated with diluted nitric acid (300 mM 65%nitric acid
diluted with 700 Ml DI water) at about 16C. The ratio of the diluted

pol ymer dweperi3ess3to nitric acid was 20 kg di spersi on pemr/use@inioods | ut ed
nitric acid. The agitati gngé)ged for coagul ati on was @[bout 275 rpm The 15
coagul um was dried at lbr 18 hours under vacuum! Solid-state 19F NVR
was carried out to chagatft(es/npe the conposition of t30€ pol yner. This

pol ymer contains 0.017 nol % (0.064 wt % 8-CNVE. The break strength of the

beadi ng was approxi mately 42 newtons (N). 20 Exanple 2 A fine powder
resin conprisi Guriehdeapuegrents of TFE and 8- CNVE was prepared as fol | ows.

The procedutses for I i tion of
{he Knnoa Sol ut] on vie Bofeaf PR SEpRRpIHeS i RinG ibeconBs O PAILHE: ' 50
m/min. until &batito Jowdheaughre Sithicme sAMBIRIBH]2 #1m ofw@teidusRgMieshed in
about 38 m nut ghe sHigtles RRrKMEXsREE T A Burledt DeNGSmERe MERgda4g 40 m/mn
and conti nued % thlts h%tég unttll bout 6 k%lfﬁ{ 'LFE had been a dedé at which
time the addit FOEPHRIKRIEAIQEEI: oﬂ}fe@l‘.’e“'f‘ﬂ% SiNrea MRS W

KMhO4sol uti on wasdabout 43 m nutes. 30The pol ynerization reaction was then
al l owed to,gcontinu ' f; 6 kg of TFE
had been a&@ed_to ?E@é]@é@’tﬁ“ﬁ 8%@%%@%%?}?%@@8@@%bginll%érragiggt&Hﬂgeoduced was
49.2 kg, and t Hwendbndbutareartt tobetdoastilepasdimitingvthe seoe ofithe The raw

di spersi on partd I ) of the polynmer particles was 0.208 m cron.
35The di sper si E)dr}}él\?ggﬁéﬁga :agt:gd in the sane process as described in Exanple

1 and dried at 130 C for 18 hours under vacuum Solid- WO
2012/ 039883PCTEyaAMIE/P49058 state 19F NVR was carried out to characterize

t he conposition of t ol r. This pal.: cont ai ns 1,% (0. 072)
k56 8- OWEL Exarpl o SMEROVIRE s aarPREDShe GRBPRETF THE 208 Gryrer of ) TFE
and 8- CNVE waNVIE vex arddas dollows. The procedures for Exanple 1
vere " epeat o0 qrcegh (L IaICTr 4.6 GONE van adled gy 360 70°% ABERNG 250 g
of DI water, emulsitied’ I er I%%ﬁm)genl zer,oI an%é)a ecf? as prechar ge
to 10 the reacwgiatorwas @%iﬁobhﬁrlmobmaraffintwex,mmgbdatiomaedvé@I)(yveiteg/L. The
KMh04 sol ution g 0y il t f .had been
added. This Waé"ggf;SLQn%‘f‘fds'ﬁ@é‘a‘?enrﬁg%@'ﬁ?@é‘%'%é"%ﬂt(’ég?%aerﬁ 8 SaukEhica Pren
rate was de@reasEudissolyed i plewt &ha of Shvataked! Be reanstar and soplents Webut 4 kg

of TFE had beemcatstPabovetiekiBRINgdsHitt sTihé k. The reactor was repeatedly

vacuumed and pressurized (to about 1 atmosphere or less) with TFE
until the oxygen level was reduced to 20 ppm or less. The contents were
briefly agitated at about 60 rpm between vacuum and purge cycles to

25  ensure that the water was deoxygenated. 35 g of perfluoro(8-cyano-5-
methyl-3,6-dioxa-1-octene) (8-CNVE)
(CF,=CFOCF,CF(CF3)OCF,CF,CN), 5 g of 20% APFO, 250 g of DI
water were emulsified by Omni Mixer Homogenizer. To the reactor
under vacuum was added the above 8-CNVE emulsion as a precharge

30 of comonomer, and the reactor was heated to 83 °C. TFE was then
added to the reactor until the pressure reached 2.8 MPa, and KMnOy in
DI water solution (0.063 g/L) was injected at 80 ml/min. until about 4 kg
of TFE had been added. This was accomplished in about 64 minutes.
About 320 ml of 20% APFO solution was added in 40 ml increments, the

35 first increment being added after about 1 kg of TFE had been added to
the reactor, and the subsequent increments added after each
subsequent 1 kg of TFE had been added, so that the final increment was
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15was again increased to 80 nril/mn and continued at this rate until about
6 kg of TFE had been added, at which tine the addition of KMhat was
st opped. Wbeot2ai3gds3addi tion time of KMhO4sol uti on was alpomus8@imioes es. The

I [ [ ] d,t d the 20 ti
s Stopped af FERCAAIG 970 Ry o MREERBCFIart adheda0t audfieddels ~he
wei ght of the W%m;measeqatoommdtdnmmt 1B 4 kogKEF E danctl hd coolkinded ahtheémt of t he

di spersi on was {5*%'@1"%59“{%@?9”@4@ ﬁzﬁiﬁbééﬁ%dﬂ@& tAGhRich R {H%Dg)@lt the

pol ymer particle I Spersion was coa in the
sane process a8 B&NQ; waa stannedexanple 1 and dried at 130 C for 18 hours

under vacuugm SO"dTh%tr%l éﬂfat%éé@ﬁoﬁ%fds'tﬁén%bwba té*&%hﬁﬁ&@éha%é he

f h t
S ONVE. The br &SRy %@ﬁ{?peﬁgta%@‘?@gaﬁfm@i‘)“ Ye hed Bgcepaigpoomne 0 A
fi n](ca lolowder remmtonnﬁhewemttdiehfd&pgxm foﬁtidu'EEE{ \ﬁé@MEQ K@V;éﬁd;lvﬁé prepa{ eg
ws. u or a e substanti.a repeat e
except thai 11800 SOBRDESTAC U8ainmag BB Pyl AR RE B of D" ss
wat er, enul si f padid si2er(RDV? S)eof thbrmgemrzmrtlcleadvm@é%amceorpr echarge to
the react | of- The C%%ﬁdﬁl}gﬂbf 8%88#1 éﬁ‘%agM?le{foo ouéB(?ﬂ Wt"}a\}@é\ B Wwatethe

KMnO4sol ution was i nje K
2012/ 039883PCT/GOQ’Zb@fiﬁgagﬂ)'@tﬁ%wlthgﬁuﬂ@&id"H@eﬁﬁ@é@(&jml 86%nitikhacidme t he

addi tion of me&vm vpom D|T\k)§tewétaéb&ﬁe|6t°lcp”rﬁé PR Pbf tﬁMb%fézJ ution was
about 143 m nute IV{}O4 Iutlcbn dded. T zation
reaction was tHQFY”&EFrI {0(5'l todh 'iCrf’li’é(§ ZNe 'Spéé'r:d‘l?n Bﬁr gf%Jd after
about 13. 4 kg oftru&EEldwa"ﬂqé)agltataﬂﬂs@dobfotbea?elaﬁMWasTditmuwvgh gofThéle
di sper si on 0 l,.Spersion
vas 270 wids THEGHAIPBps upafin Bl it tUe FHB G, RS
particles was ﬁymmmrrled@udt@mractmzaﬁbe coamaxsﬁmobflthepbé/mmre
process as desqhidEGlymer contains 0.017 mol% (0.064 wt%) 8-CNVE. The break

strength of the beading was approximately 42 newtons (N).

20 Example 2
A fine powder resin comprising the copolymer of TFE and 8-

CNVE was prepared as follows.
The procedures for Example 1 were repeated except that the
concentration of the KMnO4 solution was 0.1 g/L. The KMnQ, solution

25  was injected at 80 ml/min. until about 4 kg of TFE had been added. This
was accomplished in about 38 minutes. Then the KMnO4 addition rate
was decreased to 40 ml/min and continued at this rate until about 6 kg of
TFE had been added, at which time the addition of KMnO4 was stopped.
The total addition time of KMnO4 solution was about 43 minutes.

30 The polymerization reaction was then allowed to continue and the
reaction was stopped after about 16 kg of TFE had been added to the
reactor. The weight of the dispersion produced was 49.2 kg, and the
solid content of the dispersion was 34.5 wt%. The raw dispersion
particle size (RDPS) of the polymer particles was 0.208 micron.

35 The dispersion was coagulated in the same process as described
in Example 1 and dried at 130 °C for 18 hours under vacuum. Solid-
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10 in Exanple 1 and dried at 130 C for 18 hours under vacuum Solid-state
19F NWMR was carried out to characterize the conposition of the polyner.
Thi's pol ywerzorempssns 0. 13 not % (0. 51 wt %) 8- CNVE. The Ilpceals2eitinesvgs h of

t he beadi ng wa Exanpl e A fine powder re rising the
copol yner of TIS:J@A% ﬁl: B@EWH&?%F‘%%&HEE? %Ear?@llel”éﬁghe compos;spgnap §6£| iter,

hori zont al pol potyneratTitos polyasraonéns PEE® moth (8.032) bitxd@CNMEL at or was
added 1.5 kg of paraffin wax and 28 kg of DI water, 20 18 g of APFO and 5 g
of succinic acid dissolved in about 50 g of DI water. The reactor and
contents were Exampleshove the melting point of the wax. The reactor was

repeat edly yacuumed pafith péwaépfész@eorhbﬂsuﬁecmé cOpSiyFRT R STFE Qhd BESS) Wi th
TEE until the n | evel cf%%ﬁguce to 20 ppm or less. The contents were

briefly agitat WASRIEPEE ©WSet ween vacuum and purge cycles to
ensure that the wat ghe swkﬁmsmnamﬂ plelbORrg reeated Ekooptahdt 52f oni ¢ aci d

fl de- 5- net t

(CF2- oo o té@‘glggf‘—‘% gé@fu}—? ?’8é§5§>°/%?“3%§/)32\9>£80 SREPIYEETy of DI water

were emul sifi ednhy?mﬁhdmbyl@merMbmrrb@ﬂnog@‘nlzerTandrwldedaaampremee t@cuum 688
f th d

R e

pressure reach&MrOgsapton was irigetes atBOmiAwin aintisaberti biko c6TEEDag L) was

injected at 80pabh réd@leduﬂtHlé V\/@Q%oﬁp‘ﬁghéﬂ nggod’cEEB ﬁﬂﬂ.ﬂe@d%én thedrop in

pressure indic d.t tart TFE continuausly 35
added to maint %&ﬂifggéﬁﬁé’va%%é?a\S,%‘é 86‘FV@6@§ welgt@ H'Swas m xed
with the rest mtetdrrﬁtll B 4 kY Wf TEE hé'mbeemHddedomhblmnmaddd@ﬁdawth an

2012 0s0sasrcTHEEASE ifoneed in fE MURER R hrablea et S sethnt aboyt 61 e

had been addedkg®filliid hadbeen added, ahwhichBives) trenaddition eﬁﬁmmmae added

dded af tor S‘iggﬁgﬂ’%?’ T (R R s T o et o e

decreased to 40R¥Esin at the 4 kg TFE | evel and continued at this rate
until about 10 kg ofrhélil%ménm @@@a@lnv@tsm@h%mo%aﬂotcbﬂm@@lbhuqneof

Do yror s 2a08 o oAt ies & eRoNE 16 ke W RS e PaR ackectabe | on vs
Stppﬁfdo?ftﬁ; adoactor. lﬁhdxwellgr:jtﬁﬁéldctpbwon@@t&@eﬂmfﬁéZﬂ)&@mn?eI{leof e
it spor st on was 3P BOTEN OB R USESSIR WSR2 & ey The Py IBPERERT o ¢ he

pol ynmer parti clpesgioksize. (ROP ) efrtba polymer parheledlvmﬁﬁl%mm coagul ated in
the same process as ) %%éb&@%n‘@igé%lgteﬁ .ﬁfiﬂeé e§§%sqegeﬁbé@ hour s

under vacuum Sol.i d- was carrie aracterize the
conposi ti oA’ of I F&apwlg mand dr lﬂdsatp@@r%forc%‘ﬂ%rﬁémﬁe@ Vﬁﬁ'ﬂ%‘( Sidat 09 PSVE.
The break streggith ' hﬂ\hRmké%ﬁ@brﬁ@th@Bh@raNterEé&ﬁB'c@nﬁ)osﬁ% 6ﬂtné powder
resin conprisi n%lytngleer “ARs p%remer con-[alns%n&fv I"\/I\B(?) HWR% §dcr?r§/ OJF' pue:

break strength of the beading was 45 N.

30 Example 4
A fine powder resin comprising the copolymer of TFE and 8-

CNVE was prepared as follows.
The procedures for Example 1 were substantially repeated except
that 118 g 8-CNVE was added to 5g of 20% APFQO and 250 g of DI
35  water, emulsified by Omni Mixer Homogenizer, and added as a
precharge to the reaction. The concentration of the KMnO,4 solution was
0.15 g/L. The KMnOy4 solution was injected at 80 ml/min until about 2 kg
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To a 50-liter, horizontal polynerization reactor equipped with a 3- bl aded
agitator was added 1.5 kg of paraffin wax, 28 kg of DI water, 18 g of APFO
and 5 g ovoaxmld3essaci d di ssol ved in about 50 g of DI watremr/USIég/ 024958 eact or

d t ent t b | t ft . Th t
was T epeat edl y ol AERSLSH °§$@ésa3rwrf§g@'v?r?eot"’w tiop GkKMEGHWAS o 1 ess)
with TFE unti | stappedxyldentota\eelditivastime dd €&ddn @ psAQtigrmpmasrabdoes 43 The contents
were briefly aﬂ‘\lﬁ@t{e‘gd ¥4 RQ%'?rKI\ﬁWO {?8 N HAgUUmM and purge cycles to
A TaEL B bR

ensure that the er was deox
per f | uor o( 8- car boxyFFé?miﬂyrBeﬁﬁflm resctsorummdh@n atiowad o cenmue and the

(CF2=CF- m@f%bg%gg%@%’c@e’r aPodt %4@W6ﬁ&@ha6%e%5§ﬂc%o°& the wat er

were enul sified r eni zer react or under vacuum was
added t he abovée%iiﬁ&_ronﬂlli‘i3 ﬂe&j‘ é’g%ﬁ aﬁ%Fﬁi?@BrQﬁUC@Qﬁﬁﬁ)ﬁ%rs kea@ddithe react or
was heated to 88licCcorteht 8btheadispérebnagded7iowtdhe Tfh%a@i/\pdlsféﬁslldn the pressure

hed 2.8 MP d | u d
80 i min unt | PoARBES (RO itk Rl etibRE a0 18wt op | noi cat ed

that WO 2012/ 039883 REHisinaibh/ \0d® 6068y yalegnethe samerpretass ad de$éiibeds
t f. T dded,
fgg : zjuggtsl% naﬂgEQartnﬁ %@gadr%d%} 3 SRS hﬁr&?fnd%rggcgum %ol‘f@s adde

wat er sol ution was deécreasSed to 40 n1/mn
until 3 kg of 'ﬂseehalﬁN%%Nvmﬂedmt theharepterigeithe icompasitionrgfdbeed at 20

m/min. Until ’VE er6 s Po fmé'?':ccenl?ﬁﬁs @eﬁi‘r‘n%me(@ 513\R/t%'3185(fN‘¥/E”el'Hé”'

addition of K sto hi s, I n" about 15 m nutes.
About 320 mi r%ﬁﬁﬁ‘lﬁtﬁ@g lﬁp% A& %%zg{mn 40 n1 increnments, the first

i ncrenent bei ng added after about 2 kg of TFE had been added to the

reactor, suhsequent increnents were added after each subsequent 1
kg of 10 Tg% Mﬁgdded, so that the final increment was added after 9

kg of TFE had been é&hfinggpdwder resin ormppisihygrtbe icopoiyorerred d¢iH and WSY/E hen

al l owed to con tion was stopped after about 16 kg of TFE
had been addedwtd(%%ﬁgafgé%afcm%% péht of the dispersion produced was

45.6 kg, and the 15613 &§0ditar BﬁtlZQﬂtalt yinesgatian aoiiscBapae arfre raw
di spersi on par bifled &digfo( WP aNJEd 1tHRg P b¥FEHin %&ta\ﬁa %kwmv&ﬁérm cron.

and dried 301 éﬁaq:o%@ﬁéﬁag‘wi‘é&'é‘ﬁ?féfn?%%‘é‘m&@m SRS Al e ¢
carried out towsdter afhherdantort dred compats wenhadtet doRE the hydttitg pdint of pol yner
cont i 10,090 L5,y LA 1 53K B B e DB 13, v
of TFE and EVEabauMatrpoemrecbrdess)dvltm"v’\EE until the oxjlgenpevelesias edfomd
BTGP ocyor PEETREDOL B RSOl e g oot o
rechar ged £ht obEheeeryaewm @ﬁ*@lmurgﬂ@ygeéé@ eneuistthehthe wataravasnas 2. 8 MPa.
Then, the KMhOggekygertiled@d500 g of perfluoro(8-suifonic acid fluoride-5-methyl-3,6-
dioxa-1-octene) (PSVE) (CF,=CFOCF,-CF(CF3)OCF,CF,SOOF), 50 g of
20% APFO, and 1500 g of DI water were emulsified by Omni Mixer
Homogenizer. To the reactor under vacuum 688 g of the above PSVE
30 emulsion was added as a precharge of comonomer, and the reactor was
heated to 83 °C. TFE was then added to the reactor until the pressure
reached 2.8 MPa, and KMnO, in DI water solution (0.063 g/L) was
injected at 80 mi/min. until about 4 kg of TFE had been added. A drop in
pressure indicated the start of polymerization. TFE was continuously
35 added to maintain the pressure. About 320 mi of 20% APFO solution
was mixed with the rest of the PSVE solution. The mixed solution was
added with an increment of 43 ml for 200 g of TFE consumed. The first
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30 injected at 80 mM/mn. until about 1 kg of TFE had been added. Then the
KVMh04 addition rate was decreased to 40 mM/mn and after 2 kg of TFE was
added, thwoKMMB48sBnj ection rate was decreased to 20 mnl pairnuseertiokooss kg of

TFE had been added, at which, ti t he Lt KNh04 was, st.opped. The
Lotal adds t1 on HoTment wi etk AT o f 00 Bt p oY Bpen Riued GRS 1]

pol yneri zat i on reactot, izl thassubheuntlinmmerdszm(rjleiaddedaﬂdr ehehreacti on was
st opped after .
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(Zzg-noa:\l-nslo Exanpl e §(h% poqy%ﬁ%a@fbmggnW%FB@PW%SB&%?H@?U%@H@%@ ng the
copol ymer of TFeactioh \SaThidppadsafiar apautds &g df diHOhsd been add'éhetortlaaei) n from
Ex le 3 ) ' ' |t f A) at a
concentrat 1o oG85 7he WAGRAITc disptifn PP el 50Tkd, it ne
appr oxi mat el y fglléﬁpntengpgt’f’@c@sm&sm wre 6 wi%sf Esoiaw dspersiea. The pel | et

was heated to pbgitle 3ReGROMPISPSEhE RNrhedsstiREWas 0270 MrYdmy di mensi ons
of about 0.076®?mte'cl?qand a’gout f?ﬁi ﬁéhl' 0 '

. .25 w de through a die having a
reduction ratio of dBEHISRYEALWES Caﬁglgagﬁ%m&g%sémerﬂ C@ﬁsﬁﬁé’@w@e‘gf about
10, 300 kPa. ghq‘n Exdopleé drandedriey ats13m°@h§’r&hbmsqfnde:paaﬁnm.st%mpiong! area
of the ext er Ny e Cross ctional ar of the.extrysion die
exit. The 5§suls%§§t1 fmﬁ\»@% %%F‘gﬁa%?g%E‘a%a&{%Fgﬁ‘Sf°°§tP%&t°é‘r%¢" nut e at
about 45 C to gobumen. g polnndr edntaing 1ad nal%1(8. @ athinRE\de.. Thedrealkr i cant
was renoved by sh%ﬁb{rﬂgftﬂ% bje%(a%i??/ag%%@N The width of the dried tape was

L ON.

about 14.6 25 cm ere tant tape was stretched in the
| ongi tudi nal direction at about 300 C and 4.5 neters/mnute to a ratio of
10: 1. The resulg@mipled®e was about 8.9 cmw de. The resultant tape was

e e Fo b aoe el cAmone B Sopr B AT BB i e
was char act eri e pregatdteas éslloMiss are given in Table 6. A scanning el ectron
m crograph, at 10, 0GQ, fagnid) GakLoMar S8y ARER FéSor Sqby&Rwith £59ure 1.
bladed agitator was added 1.5 kg of paraffin wax, 28 kg of DI water, 18 g
of APFO and 5 g of oxalic acid dissolved in about 50 g of DI water. The
25  reactor and contents were heated above the melting point of the wax.
The reactor was repeatedly vacuumed and pressurized (to about 1
atmosphere or less) with TFE until the oxygen level was reduced to 20
ppm or less. The contents were briefly agitated at about 60 rpm between
vacuum and purge cycles to ensure that the water was deoxygenated.
30 80 g of perfluoro(8-carboxymethyl-5-methyl-3,6-dioxa-1-octene) (EVE)
(CF2=CF—OCF,CF(CF3)OCF,CF,COOCH3), 5 g of 20% APFO, and 250
g of DI water were emulsified by Omni Mixer Homogenizer. To the
reactor under vacuum was added the above EVE emulsion as a
precharge of comonomer, and the reactor was heated to 83 °C. TFE
35 was then added to the reactor until the pressure reached 2.8 MPa, and
KMnOyg in DI water solution (0.15 g/L) was injected at 80 ml/min until
about 1 kg of TFE had been added. A pressure drop indicated that
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35 WD 2012/ 039883PCT/ US2011/ 049058 Table 6. Properties of Menbrane Made in
Exanple 8 Exanple 8 (fine powder produced in Exanple 3) Porosity (% 85
Mean Fl owBane/shsse (pn) 0.16 Thickness (pn) 2.5 Densit yCcrArsea)/ 00039

Grystallinity gg?ym7elrizé¥igh s%a er(JXTI:-rEr\]/\?eI\sl c?on ltnru%ﬂ Ityhadg\e/lcozlat%) r%gi%tain the
pressure. After 1 kg of TFE was added, the injection rate of KMnOy in DI
water solution was decreased to 40 ml/min until 3 kg of TFE had been
added and then the solution was injected at 20 mi/min. Until about 6 kg

5 of TFE had been added, at which time the addition of KMnO4 was
stopped. This was accomplished in about 15 minutes. About 320 ml of
20% APFO solution was added in 40 ml increments, the first increment
being added after about 2 kg of TFE had been added to the reactor, and
the subsequent increments were added after each subsequent 1 kg of
10  TFE had been added, so that the final increment was added after 9 kg of
TFE had been charged.

The polymerization reaction was then allowed to continue and the
reaction was stopped after about 16 kg of TFE had been added to the
reactor. The weight of the dispersion produced was 45.6 kg, and the

15  solid content of the dispersion was 35.1 wt%. The raw dispersion
particle size (RDPS) of the polymer particles was 0.232 micron.

The dispersion was coagulated in the same process as described
in Example 1 and dried at 180 °C for 18 hours under vacuum. Solid-
state "°F NMR was carried out to characterize the composition of the

20  polymer. This polymer contains 0.098 mol% (0.41 wt%) EVE. The break
strength of the beading was 23.6 N.

Example 7
A fine powder resin comprising the copolymer of TFE and EVE
25  was prepared as follows.

The procedures for Example 6 were substantially repeated except
that the reactor was evacuated after 10 kg of TFE had been added into
the reactor and then TFE was recharged into the reactor until the
pressure of the reactor was 2.8 MPa. Then, the KMnO4 solution was

30 injected at 80 ml/min. until about 1 kg of TFE had been added. Then the
KMnO, addition rate was decreased to 40 ml/min and after 2 kg of TFE
was added, the KMnOy injection rate was decreased to 20 ml/min until 6
kg of TFE had been added, at which time the addition of KMnO4 was
stopped. The total addition time of KMnO, solution was about 31

35  minutes.

The polymerization reaction was then allowed to continue and the
reaction was stopped after about 16 kg of TFE had been added to the

35



Exampl e 9 An expanded functional copolyner conprising the
copolynmer of 5 TFE and PSVE was prepared as foll ows. A resin made in
accor danceowntan3ssanpl e 5 containing 0.76 nol % (3. 3 w %PCPESED maso0sot h

past e extruded |nto ap nd_stretched in accor danc th t rocesses
D Exanl ¢ 8 clAT - Hi WeiGhN 14 Gne b ProshiEe sy i 20 AGOG08 about - 920
C. The eXtrudeéoﬁc&cmtba’dofathwcﬂ$;iﬂer§lbn0!f/aa65l41wf% dimeaads dibpersidme t ape was

har acter | sod MR s2e JRRFR IS BB ot B DA BlbidThg erect ron
r1n50rT oglrgpg, at 10, 000e mhsyps 'rSlboaNasmoaglﬂaﬂedenrhlwrbiamaaorbsesﬁ a@deswli\;fsog;;; ‘raezza'
(508 5 1 FPEep ppri RS O A vBant BB 23703
Mat ri x Tensuéas%réin@ wwegarag@outs@amractﬁoze the compasitiop i

functi onal coppbwmr qf?f@bbb‘yh@ ddmﬁ@pcd%nr%mf(o%@mmeeﬂ% MRk eact ed

as follows. ZOA{}e aor}c{ﬁe beaglrn%pv%é)ag J ant I onal TFE copol ynmer nenbrane

10 Example 8
An expanded functional copolymer comprising the copolymer of

TFE and 8-CNVE was prepared as follows.
The resin from Example 3 was mixed with Isopar® K (Exxon Mobil
Corp., Fairfax, VA) at a concentration of 0.217 g/g of resin and formed into
15  a pellet approximately 10 cm in diameter at a pressure of about 2070
kPa. The pellet was heated to about 50 °C and paste extruded into a
tape having dimensions of about 0.076 cm thick and about 15.25 cm
wide through a die having a reduction ratio of about 100 to 1, at a
average extrusion pressure of about 10,300 kPa. The reduction ratio is
20 the ratio of the cross sectional area of the extruder barrel to the cross
sectional area of the extrusion die exit. The resultant tape was
calendared at a rate of 50 meters/minute at about 45 °C to about 0.020
cm thick and about 15.25 cm wide. The lubricant was removed by
heating at 180 °C to 210 °C. The width of the dried tape was about 14.6
25  om.
The resultant tape was stretched in the longitudinal direction at
-about 300 °C and 4.5 meters/minute to a ratio of 10:1. The resultant
tape was about 8.9 cm wide. The resultant tape was stretched
transversely at 300 °C at 19.8 meters/minute at a ratio of 7.5:1 and
30 sintered at about 390 °C for about 20 seconds. The resultant membrane
was characterized and the results are given in Table 6. A scanning
electron micrograph, at 10,000 magnification, of the membrane is given
in Figure 1.

35
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was made according to Exanple 8, froma PTFE fine powder prepared

according to the process described in Exanple 3 containing 0.044 nol % (0. 17
wt %9 8CNWEO 201pe03e88pansi on process, carried out at about PBOMSE1A00EHhen
restrai ned and_h [

in an qven for apoyut 20 seconds,
resulted in anl@RIgBuEdonpriesof Membeaneg ladedpn hxa -fgg&uaziﬁeféab,out
1560 cm 1), a crosslinked structure, |and the unreBgamgplegano group (apout
2297 cm 1) determ ned by FTIR Exanplie 11 . A nded
functi onal copolyner conprising the gopol yngweoPo‘feeflpﬁggﬁggg-'%\l\/E wapg
reacted as foll pws. Anmi nopropyl|tri et hoxysi |IExaampld 3k i ch) was ni xed
with a 95 w % et drich)/5 w% DI water solutggn to yield a 10
silane sol ution Hvemnutes—were—atowed—for—hydrotysts—and
the silanol groupteansnlowxiBariedsizge {umet/i onal TFE copollytfer menbrane mad
according to EX@‘EHLQ‘KH%SLI; [ 2 TFE copol yner fine povxgl_gr contai ning 0.D44

mol % (0. 17 wt %9 8=CNVE was—Tmersed—imn—the—sotutton—tor—2—mmnutes—tt] was
then rinsed freeDenskx(¥§s) silane sollution by dippi fg3%riefly in ethapol
and air dried. Carisid)ipky (¢ menbrane was carried ouyqat 110C for 30 pin.
The reacted nmenprane becane transparent T 20 water,_Jndicating 1t wap
hydrophi i c. TheAYAr Matiedengiitor ane as white in wat&0 indicating it|was
hydr ophobi c. A hygiepgti (MPajenbr ane as described herein will exhibit hater
penetration into The pores of the expanded Wenbrane aiter exposure to

wat er, including surface exposure to water or subnerging in water. 25
Exanpl e 12 Examipleexpanded functional copol ymer conprising the copol ymer

of TEE and 8- CNVE | NngG! E

copol ymer nenbr ane%oée%}&tdggggﬁ%roﬁgl g%ﬁ%@%ﬁ%%@&%@ 4 nwgﬁ%ro 1J;msr fine
powder cont &i niTig: anBS\Howss (weparedtas folo@BIVE prepared in Exanple 3 was
first wetted wth i 90RKERPARAL iﬁ'a%&ra%ﬁ'cAl g;v?igﬂ%xirﬁﬁlet@%anfamﬁg%% hrﬂ)#% 28 wt %

aqueous ammoni um hygrom de solution . roomtenperature for 20
hours. It was {heéVibnBayEwanbeih Rrgteexikdedintod iopg antheiretehed &y 35

expanded f unct ize8@ldahtE vEPREYITBEesBRBIITIN@INGSIB ISee Xt ph R Wh & I iBtzan@M di ne
(about 1743 mela?s’ re?negv%zlrgynﬁgatm@ gtTellb%ut 2@(()&’@| WEhe1 gxtruded tape had a width
10  of about 13 cm and then the tape was paste stretched into a microporous
membrane. The resultant membrane was characterized and the results
are given in Table 7. A scanning electron micrograph, at 10,000

maghnification, of the membrane is given in Figure 2.

\/

15 Table 7. Properties of Membrane Made in Example 9

Example 9
Mass/area (g/m? ' 4.1
Thickness (um) 2.5
Gurley (sec) 9.6
Bubble Point (kPa) 630
Avg. Matrix Tensile Strength (MPa) 230

Example 10
An expanded functional copolymer comprising the copolymer of

TFE and 8-CNVE was reacted as follows.
20 An expanded microporous functional TFE copolymer membrane
was made according to Example 8, from a PTFE fine powder prepared
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An expanded functional copol ynmer conprising the copolyner of TFE and 8- CNVE
was cross linked wwth a fluoroelastoner. VitonT" G- S (fluoroel astoner) was
conmpoundeatownt2dn3dssphr 5trial |l yli socyanurate (Al drich) amdTAISpém/okaeper ox TM
101 (Aldrich) on a ml]|; the conpounded m xture was dissqlved in K

(ot hyl ot hyl PERGHING 0NE N A SABREBEAGR SRR COMATIRG AdMPlact i onal
;rFE COD% yner @Wmﬂ@dmvmdm@ém@imp@e&,%mfi@d guf ababeut G T%Dg' %Z‘Zr
i ne powder na cor di 0CESS. O appl e 3 cont ai pin :

ol 107 (0. 17 we Apagreirerhed s BeBle St ool o oVt it eBElER conpound
and dried at 96€d@idshsegultadpiosin expandedvnictprorohs olemelsmnefcarbainingd. 5 t o
0.76 mm werg nhle, £§OEEE [ -1\0 LJFR| dﬁﬂlf | TFE

copol yrer n%nbrané@ panﬁgggfcmgf ?%%%E%gggﬁgﬁg@m |}tém%8§%ﬁposite was
fornmed by nol dEvidN@grorp1@boat 2897 con nidetersninedd FyRpost -curing in a
convection oven at 233 C for 24 hours. Conparative slabs (conposite B) were

made by a sim I gr Brocess, except that ePTFE nenbrane was used in place of
expanded funct I copol ymer nenbrane and therefore, did not contain

8- CNVE. The | NASS peedxpeesicdfunetionasecpdlpmepeempriesigsthermtpolyener sfarri ed 20
ctrengths Whr 6 SEARLE VYR BasTeqtin @B IBYS &' A and composite B,
respectivel y. ExanpPenindp@piiriettpays odef (@ioricdho mals mxedl witea 9owiihi si ng t he
]90100' ymer of _TEf, g (/ﬂé}{énn)‘é@%t%emm%r%ﬂt@n' BWFeld a 10 wi¥sifpanded
uncti onal TEE copol yner nbrane made by the processing conditions of
Exanpl e 9, wasSaldeni Aheuhfiveptnviesaverpio { hegdrofysieapd ferering #e ai ni ng
1.9 ol % (8.0 whafo! BRYpsTBAR e&gaaa@@r&id@ianémwﬁ%opbgﬁféﬁn@ﬁ\b%@ma@é- The
nmenbr ane first wetted wt é A anﬂ.@gn c;lm*reF |e |onda 20nw_tl%)KO—I
sol ution (A dr PEAYrAg %%X@P@r 2MhadirE CYROIRS f'ﬂ%ﬁ WASEEANRNIAI DI wat er
and was i mmer s@44mbdBou0A7mt%) B-CNVE Wa8 nmetvedain the sClution f@d2hours. The
The. 35conver s BIMGES HEEE Do) nEF e ERs: SlarStstiidhByieny | nto tne
sul foni c aci d riefipin etheoo! anbairciietd) Grrigoithermeabigna-war.carngdl out
2012/ 039883PCTLUS28fH4Rmfh. The reacted membrane became transparent in
20  water, indicating it was hydrophilic. The unreacted membrane was white
in water, indicating it was hydrophobic. A hydrophilic membrane as
described herein will exhibit water penetration into the pores of the
expanded membrane after exposure to water, including surface
exposure to water or submerging in water.
25
Example 12
An expanded functional copolymer comprising the copolymer of
TFE and 8-CNVE was reacted as follows.
An expanded functional TFE copolymer membrane made
30  according to Example 8 from a TFE copolymer fine powder containing
0.044 mol% (0.17 wt%) 8-CNVE prepared in Example 3 was first wetted
with isopropanol (IPA) (Aldrich) and then immersed in a 28 wt% aqueous
ammonium hydroxide solution (Aldrich) at room temperature for 20
hours. It was then rinsed with DI water and air dried. The reacted
35 expanded functional TFE copolymer membrane contains a new group,
amidine (about 1743 cm™), determined by FTIR.
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Exanpl e 15 An expanded functional copol ynmer conprising the copol yner
of TFE and PSVE was reacted as follows. An expanded functional TFE

copol ymerwefty@ps83nade by the 5 processing conditions SCTHESaNPI049088 was
made from a qucti onal, .,TEE fine powder containing 1.9 nmol % (8.0 wt% PSVE
made accordi ng ocess of Exanple 5. The nenbrane was first wetted
with | PA and then i Amepeadied fan@®nat e6pojyeen soapnsimguiveropgotyeteofsol ut i on

at about 5 C M3EESMPHIENVENFaL ERGLAMER HRHAR RRIdHARER Wi th DI vater 10
and air dried. il:' e expa%me unct ona,(gq' copo%msr menbr ane was cured by
heating at 200 C foVitenhoGF-Stfleoroelastemar) asageetipoyadedivitiphicm 1), the
ot onal - Bopaly A P T e et ed as
foll ows. tf@iﬁ%’ﬁﬂ@kin et Elix Ry %HV@&%@?@E&'@EV tRRILOf r om
fine powder naggnagQRU%Ulsdlds soltitien.pARGR@anded Fxsdtiohal BFETdupslyinméere powder
conta?ned 0. 098 mol % 0.4?{1% EVE ZSTE[1 re ig frn rgﬁg p;)yf?nwag m xed
with | sopare KW%QQ'@T? NgaF M r%“:c,o“r'-*ai? ¢ X?Wﬁ\? J{orﬁ C n%gg’ ?';){ 19n of 0.207
g/ g of resin afidefowtded madeaccqdingdd thg pracdssedf dxam@e Snecamaidingret er at a
ressure of,ab : d aste
gxtruded i:l] o] gﬁ%f %ﬁéwﬁ’g \g?@egglng‘gg ‘g?r%a@%mbergp%%ﬁ gw%%gwﬁggﬁgagout
15. 25 cm 25 wi &éonhr sagiposndianddiachet W CedBlebp daomapsite 69 hawivgta 100 to 1,

at an average @bkiistsst AHoRE D B OF63RRUNCADMAAR HiRRaciing Vigalitti on ratio
is the ratio of éhe crossﬁéggtl ona!r%ﬂrzﬁa of the extruder barre] to the

cross secti onalMaiogd gpap YRGHRE iGopelneer memhrade BRandedhe was
cal endared at funciohabTFB.copolinesaVitoritenagositeanss Amedt sy aiotding @t 015 30

cm t hi ck. e lLuhrijcan v Al t .t 0 0 T wi dt h
of the dri 15 t§§§ &@réggﬁ% @E@e@%%sﬁ%ﬁhﬁ@gw g@?ﬁﬁ%@rﬁn ?\g%]ea\c/\%%ss ret ched
in the | ongitudom2d hdursectomparativatstals @eopasite B)Svewe madehy/adimites to a
ratio of 2:1. S t 1 T ant tape
was stretched @E@?iﬁs%‘?@%t?féat 5%%%&&@? %Oeg)@/? %grggg\gﬂcg% ea¥%§b§§§%% of 6:2
in the transveifgrctignabEr Egqppolyweonembsans apdthersiere) diskureiswntain 8-The
\r/rvter}brane was fidWEMﬁﬂfe?ﬂnA@s%fpéé%;ta%s taééﬁmlpe?n!&béftmfatthmerﬁﬂedn $h28

% aqueous _ammoni u r oxi sol . uti_on ,at  abpu or. .t.hree ur,s. e
e o g et e Y Reglmierit & b a4 A SpPet Pt S Em Fee
tenperat ure. Therehgttl wdren®2tarahe. shbtafer coempositer Angdaoeniosite Byat er

indicating it rpphilic. The unreacted nenbrane was white in water,
i ndicating it &gépe%@?@ghobi c.

Example 14
25 An expanded functional copolymer comprising the copolymer of

TFE and PSVE was reacted as follows.

An expanded functional TFE copolymer membrane made by the
processing conditions of Example 9, was made from a functional TFE
copolymer fine powder containing 1.9 mol% (8.0 wt%) PSVE made

30 according to the process of Example 5. The membrane was first wetted
with IPA and then immersed in a 20 wt% KOH solution (Aldrich) at 100
°C for 24 hours. It was then rinsed with DI water and was immersed in
15 wt% nitric acid (Aldrich) at 60 "C for 24 hours. The reacted
membrane was rinsed with DI water and dried at 100 °C for 1 hour. The

35  conversion of the sulfonyl fluoride group (about 1469 cm™) into the
sulfonic acid group (about 1059 cm™) was confirmed by FTIR.
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Exanpl e 17 An expanded functional copol ynmer conprising the
copol yner of 10 TFE and EVE was reacted as foll ows. Expanded

functi onavOBhE/3e838| yner was made according to Exanpl e @CT/Ais2&1/ougees powder
cont ai ned 0. 098 nol %o 41 wt9% EVE. The fine powder was processed to a
menbr ane accorgﬁﬂ&ﬁ-ﬁ&%ﬂ' e processes of Exanple 16. 15The nenbrane was first
wetted with isopropfn expaoded.fufittionat espoipinee dorppisindettie Tolpotypmad ofrer

nenbr ane was i.'r': WPS‘Q/E&%@%@%&?{QH%%&BH&H{ur' c acid and held at 60 C for

24 hours. The nenbrane water and dried at 60 C for
2 hours. FTIR spect Aa expandadifurctionas hEecapblyrher marmiwage imadechyl theabout

3300 cm 1) 20 g siddrdtio V@E@p & J, SRR maBEToh alfliRgfHaATFEINCt | onal

group was hydr 0 the car nmbi bed
conposi te was P%}QQM@'@&Q”W'T‘G\H@ ”E%%r(sef?(w&ﬁélgé{?%ﬁ&qeoﬁ%orqmﬁ ted®! yner
][renbr anfe mafl_e ﬁ&%ﬁgﬂ%x@ﬂ;ﬁl@@ wmmmﬁndwq@ﬁ%twd@mﬂwﬁeaﬁdwi V”fod/f
roma functio copa ne powder cont ai
PSVE nade accoﬂlﬁrh Pgrsey p ynzég’té/ﬁ%f)%eﬁmm W@NB&?X'%EOQ '%%Z per area
of 5.2 g/n2. AaboUiuﬁl@rﬁoro:B hOHES. PEMVE reantedme mibraviengasS finsgxpwitki Dievatey 18
nmol % PSVE, r.di i . S
2008/ 00703%(¥\Ia| nﬂég"lr?':‘q'féa%' ﬁgﬁgfgb%ﬁé %@R,ﬁ% B?é%'%%%“ﬁ aﬁ"éﬁ Wé%]d DI
water to 13. 2ty&uxed>fssoheat$ng at 200 J96 Whaowr. Th@sa%mm@grwmdabgut ution.
Thi h T fil

i's ion exchanggnHhi-or i cr%@éﬁﬁ g@l%t%&r‘éo s e?%?gﬂg?a?mﬁ( M film

(M tsubishi Plastics, [nc) placed onto a ¢ e coating was
done using a draw down bl ade with a coating gap of 7 ml (178 mcrons). The
conposi te nenbExag 31@ hen stretched over the wet coating and allowed to
infiltrate, . After | trati §r} ¢ %?12/ 39883PCT/ US2011/ 049058 it. was
dried for 2-60 sco s W%“ﬁ‘e Hagtongl PapOVRFL SoMPriSId,Rg CORRIMY O t he
sane i on exchail§& amd EMEalvas otadtedmsviakbowimne using a 1.5 mi | (38 m cr ons)

Th d t i 0- 60
Jebonds. This b i boPanded rfenal Foe dobBRmiir e yibfads forf oy on ¢ ne
gl ass plate wa@nglpézw@rurma%a@@qrdmrtnatb%pmceﬁﬁmfdiwempleGnﬂmsélgeand t hen

removed t o coohowlBe chRRiReA0 DOBRASIKS €. A% WY/ pas then renoved fromthe
FLUCRQIU( T flb| m backer . The final asureda':%/ gness of this inbibed

conposite A®nbrane WAE rgsin oM e OPPS Me@ Mith IsQRRM&S KHEVHRIEMPRI ¢ est ed
as a solid 10Ceed. yraFae ey tat @|an©ehﬁta’@or‘f uedJ 20¢ cfj/g oy rédin shdffermed inta

Menbr ane El ectro senbl NE:]A% usi n I OCEeSS t hose
described in U8 pf%‘&@%ﬁ%“f’% at(e ph'ﬂh |asp l@éﬂu(ﬁagﬁ%?ﬁ}g J‘a%ﬂﬁt
tested usi ng skBRaddre pelbltwaslrheatedtto pboub@:@;?@ asdgrasie extroded idsar i bed in

lng tzgg7|/ ggrﬁggtacxfe HQwﬁQ 'd%ﬁéh%Bn&B‘F&SoM‘P@ o?é%ﬁ?ﬁﬁ&%w ang?“lé‘% dnfidi cating

el ectrol yt 83 Bxéggihsoggh a die having a reduction ratlo of about 100 % 1, atan
average extrusion pressure of about 15,000 kPa. The reduction ratio is
the ratio of the cross sectional area of the extruder barrel to the cross
sectional area of the extrusion die exit. The resultant tape was
calendared at a rate of 8.2 meters/minute at about 45 °C to about 0.015
30 cm thick. The lubricant was removed by heating at 180 °C to 210 °C.
The width of the dried tape was about 15.8 cm.

The resultant tape was stretched in the longitudinal direction at
about 250 °C and 15.24 meters/minute to a ratio of 2:1. The resultant
tape was about 13.5 cm wide. The resultant tape was stretched

35  transversely at 300 °C at 100% per second at a ratio of 6:1 in the
transverse direction.
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An inventive solid polyner electrolyte nenbrane was prepared 20 using the
process described in Exanple 18 using a starting expanded nenbrane with a
mass per woibizmsess3of 5.2 g/ nR2, except that in this examplrastda/ougessi al

hes 3 M1 (75 m or onBe MemBrae s sSur b b HaROB AT entabebed o
conposi te menbiramersedinld 282vith agoesus dimenHumeasiioxide Gotution atfabiout s sanpl e
than 1000  seconadd UrE BN Fe Femti b inafs S e it 1l ARq! 50"
seconds. Exanplé dred #ovhe iempsrdtures Toe rErelepinnemdrane becapeseatd except
that the starti t: i i 9 was nade
froma funcfgi o%@lﬂsﬁéﬁﬁqﬁ@ﬁﬁiIﬁ‘lﬂlﬁgﬂmlg.w@%r?ol @ 0 EEH'TW‘?W we%@%ﬁ%e accordi ng
to Exanple 5. THEbraReoranwhigdn yaiels i ieatingriewashydrephgbie. The initi al

coating draw down gap was 6 m | (150 microns) and the 35 second draw down

gap was 3 ml /5 mcrans). The final neasured thickness of this inbibed
conposite nenbglsﬁglm&sﬂZ 2 mcrons. The inbibed conposite nmateri al

produced in this exédmxpaided fanctoess toapoblymeneamiRisiRPBe3fpblyus@04fl/ 049058
per f or ned a j r.Ql s indicated by the polarization
curve obt a?ﬁed ro?ﬁq(g ﬁg%ﬁgé%‘ggbé f¥ﬂ(§%§‘.t he material. Exanple 21 5The
procedures of ExanplbExpasdegfinctiopehleld cepobimeriwias made accentifg fendant
groups in the ghanidids. bAtai @oBi R8I (d Uo\(pyvE W% PSVE
wer e convertedg%ohidhggamﬁ@?%emrseg%hﬁ!aﬁéyg?)g?trﬁglg/}gﬁb%r{g l\?/\\/ég first
vetted with | PANgANe prMASHWES BERPESEed 28 Membrane aesigingdothedri ch) at 100
C for 72 hoursprddeséas of Exanipleged 10 with DI water and was immersed in 15

Wo%nitri id (Aldrich) at 80C faqr 24 .Th t ed_nenbr a
further botfed i n DI GaPemEane Wasds HelekhRnitnsoRNFichisl. 11E RIFr o ac
room t enper at unettethexpsindeti TiE cepdly@ee neadbianeassas remessezhindd0 Wi% g/ n.
The i nbi bed ' hEk f i Th

b bed. compos HaeohE IR 857 asthda bEbGCaRP 2R holifs,, InEriéMBRnel S
performed as awasithanginspeeviteDewetesiandedrigd atl cafei bputsheF PR ar i zat i on
curve obt ai ned sheemn SRewkEANS prasifRd Jfrt@érbérb%xyﬁ% tﬁéi'tdﬁ(gbo@(%ﬁd Emz'z 20The

procedur es_of anpl e 21 were repeated except starti ng expanded
mat eri al c%&it aﬁﬁ%nﬁ!‘tﬂv %@)g/p@_eﬂq%sj@so gPsieripoctionsl GipwR e 1.6 g/ ne.
The - SOOF pendéntiralyadot® the dailsoxyiolackne were converted to the acid form
-S03H. The nenbrane was converted and then boiled in DI water according to
Exanpl e 21. The 25 final measured thickness of this inbibed conposite

menbr ane was 1Exampilect®bns. The i nbi bed conposite material produced in this

oy e 30 SorPen it hoATEShpeSid B8 EpARLIBIIRLRCL ) e B | oL
30 Exanpl €223 An expanded functional TFE copolymer membrane made
according to the process as described in Example 9 was made from a
functional TFE copolymer fine powder containing 1.8 mol% (7.7 wt%)
PSVE made according to Example 5. The expanded material had a
mass per area of 5.2 g/mz. A solution of TFE-PSVE ionomer, having
30 approximately 18 mol% PSVE, was prepared according to the teachings
of Wu et. al. [US 2008/007036] in Paragraphs 113-114 and then diluted
with ethanol and DI water to 13.2% wt% solids in a 13.2% water / 73.8%
wt% ethanol solution. This ion exchange material solution was coated
on a FLUOROJU(TM) film (Mitsubishi Plastics, Inc) placed onto a glass
35 plate. The coating was done using a draw down blade with a coating
gap of 7 mil (178 microns). The composite membrane was then
stretched over the wet coating and allowed to infiltrate. After infiltration,
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Three beads were prepared by paste extrusion of three different polyners as
descri bed bel ow. Polynmer A) A fine powder resin conprising the copolymer of
TFE weanrdi2R8WE3having 1. 1 nol % PSVE. The break stremrgtrhusediimmsbeadi ng

35 28.5 N, Pal A fi er resin conprising a_ copolyner
of TRE and pOvE Was PGS TO02EPcRalE WIkA Bl PEcdnen. & Separdicentinnol by w0
2012/ 039883PCTAhiS2a i Q#Beﬁﬁwa/@egmat@m@owtm wbs%eanging’%vﬁ fayl @ a 3.6
o hooor” PRI, “PhOUoBRE LS, 1ok MBS SRR e
conprising a cdpol 2060 SECTRES.5 a'ﬁhisPBVElueadvmmglmsﬁenUthB%\Aars tenpri sed
PSVE, and 20% E“WROWL“’%OW‘)&“ W biRs dats A5 STeed FHN M Brijade B8, ™ ©
PSVE. 10A 113. 46& $a |3errmut§§<ﬁmddbsprr@mqw§|tﬁ oRek Bherabibacoeempesitay t h

I sopare K at anighbear®f wHaPH®H T&helyd GratROthe/ FAUTROSS(TM Tinﬁ bh&kd, was

d d 1 t | form
vas made by apdh Mgl dBeatUrzddnKRess of T wéwﬁﬁﬁ”ﬁpié@ﬁ%@'m%%héﬁmﬁfr 20
seconds. The exr udar rTilxaroneI Wags Matdriaimwias $Gbsiquentigr teatal tisear solid attehOf

m t he
peadi ng. bﬁri‘ f‘ﬁ%’%@ v Ty & leTBE) pitiet RS A MER R R R ad 22
hour s. s semidk (BEA9ngging standasd Uﬁawmsvmmhmaéhomj descrilgedaim
| nstron0 tensi 'L?sth%ome Nbafidlyraph 171, SHIPIEASDSE BuBSeduel M{Bs‘i’é[}ﬁ

20cr osshead speed of r matri x tensi
reported in TaMSHTQBSwaf%éu%ﬂv@%é%ﬁowo@c&ls FHER asefiose CI"@W@@ irB&KYI ng

Matrix Tensi | e 28070006, MitgdiaizEiBa| dutvSWRNElIdbec5R) JBRAMER indicdtirl 2

15 the imbibed composite membrane was acting as a solid polymer
electrolyte.

Example 19
An inventive solid polymer electrolyte membrane was prepared

20 using the process described in Example 18 using a starting expanded
membrane with a mass per unit area of 5.2 g/mz, except that in this
example the initial coating draw down gap was 5 mil (125 microns) and
the second.draw down gap was 3 mil (75 microns). The final measured
thickness of this imbibed composite membrane was 12 * 2 microns. The

25  measured Gurley of this sample was greater than 200 seconds. Further
testing showed the Gurley was greater than 1000 seconds, and greater
than 5000 seconds, and greater than 10,000 seconds.

Example 20
30 The procedures of Example 18 were repeated except that the

starting expanded material made according to Example 9 was made
from a functional resin containing 1.4 mol% (6.1 wt%) PSVE made
according to Example 5. This membrane had a mass per area of 1.6
g/m®. The initial coating draw down gap was 6 mil (150 microns) and the
35 second draw down gap was 3 mil (75 microns). The final measured
thickness of this imbibed composite membrane was 12 + 2 microns. The
imbibed composite material produced in this example also successfully
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Pol ymer B 7,302 Polyner C 6,343 25 Approximately the first and last 2.5 m
of the extruded beading were discarded to elimnate end effects. A 1.9 cm
secti on obothe/msssuded beadi ng was expanded at a rati orcofusagpoaossat el y
35:1, by stretchi at, 250 0 at a nt true straln rate of 1 s-1
(the 30engi neelpfaﬂﬁ gt @sA S? pglyg}e(e &S BHcatediypthgy rglarization

Appr oxi mat el y a.uN&blﬁ@it@d&ﬁ&&&Bé’MEN&@ddréﬂ%ﬁ&&@&at@mélengt h fromnear the
center of the expanded beadi ng was renoved, and the maxi num break | oad of

the renoved sanple held at roomtenperature (23 C plus or nmnus 1.5 C) is
nmeasur ed usi ng%ﬂﬂ@&@i}n(r) tensile tester using an initial sanple |length

of 2.54 cmand a 50%?}?%%@% %m@qgﬁg@%\ rllgge%'{é% %&rehlt hatansile

Sanpl o test ed. SEF PegdapkBEpsdn e aiANa LXpaTderEmsiaril Son@inon 10 Poly et
A Pol ynmer B Polmai%y (7C7 Wa%s)iPSVE ivrk ol 6 @8@ M tH TS fdrfd, &HH. The
starting membrane was first wetted with IPA and then immersed in a 20
wt% KOH solution (Aldrich) at 100 °C for 72 hours. It was then rinsed
10 with DI water and was immersed in 15 wt% nitric acid (Aldrich) at 80 °C
for 24 hours. The converted membrane was further boiled in DI water at
15 psig for 60 hours and then air dried at room temperature. The starting
membrane had a mass per area of 5.2 g/m2. The imbibed composite
membrane had a thickness of 12 + 2 microns. The imbibed composite
15 material produced in this example also successfully performed as a solid
polymer electrolyte as indicated by the polarization curve obtained from
the MEA prepared from the material.

Example 22
20 The procedures of Example 21 were repeated except that the

starting expanded material containing 1.4 mo% (6.1 wt%) PSVE had a
mass per area of 1.6 g/m?. The ~SOOF pendent groups in the
membrane were converted to the acid form, -SOsH. The membrane was
converted and then boiled in DI water according to Example 21. The

25 final measured thickness of this imbibed composite membrane was 12 +
2 microns. The imbibed composite material produced in this example
also successfully acted as a solid polymer electrolyte as indicated by the
polarization curve obtained from the MEA prepared from the material.

30 Example 23
Three beads were prepared by paste extrusion of three different

polymers as described below:
Polymer A) A fine powder resin comprising the copolymer of TFE
and PSVE having 1.1 mol% PSVE. The break strength of the beading
35 was 28.5N,
Polymer B) A fine powder resin comprising a copolymer of TFE
and PSVE having 1.0 mol% PSVE was comprised of a blend of 30% by
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194, 156 126, 607 The expanded beadi ng was then wet with | PA and
subnersed in 20% by weight % KOH in water at 175C for 4 hours. The expanded
beadi ng vae 20tra39ssenoved, rinsed with de-ionized water aow/usadmeu®esl in 15%
by wei ght nitrige tpgr\p%r f l@ﬂpurs The
expanded beadi ng I@gs& g/m%teﬁfro-l\-/%aﬂd nse h%&ﬁ{%?,m]%ﬁﬁd‘f@s\ﬂz sanpl es
wer e then subn&0%ebyiweighitraodified Téid snadiedn ecpanidede étidihegeaahiagsiof h t he

bl end of two fgpﬁ'{ ijop%ll Fg ,ﬁgggl ymers, Polymer C, was hydrophilic as it

becane transl uce onal TFE copolyrrer fine powder resin

conpri sing Polymér &F RWW&W&W@M ‘R{ﬁ éremre of TFE

and at 5l east one com)nomer havi ng/a functi ona ant to the
()

pol ymer chaf n, and PS¥erhaiving hd ma H%Wasmmmmmfa blendeof BOMIeGY resin

is paste extru n por ous f ctd E copol yneric
mat eri al havi ng?eiélﬁlcg’ %a&dfﬁeé @Hﬂ?ﬁa@(ﬁﬁaﬂé‘@ ééﬁeﬁ%\?@ %’Hﬁnect ed by
fibrils. 2. Theoﬁ/uayweﬁgmlco%@rﬁ@rp@ﬁweenalpwmwﬁfg 4 257 foPh ofl @i m 1,
wherein the at | east one conononmer having a functional group is a

fluorovinyl et F&VBf the general fornula CF2=CF-ORfZ, where Rf represents a
fluoro al kyl group optionally interrupted by one or nore 15oxygen(s) and Z
represents a functional group. 3. The functional TFE copol yner fine powder

resin of cli@i m2, whettdd ¢ sampk of eheh palydwﬁwégln was blexdet dogethdr or sal t,
ester, amn ne, rbonyl halide, sulfonyl halide, sulfonic acid or

salts thereof, V‘é‘iﬂ‘q\seﬂé 5@“ %iﬂﬂpcﬁf.aﬁapw'mamwrzﬁ%g/eef fesie, PR®sphoni c
aci d or 20sal t gidhef&ek nal’!ﬁeh%ét ﬁ§|°f30i§Ple ﬁZ’IH&?r%e A8 G d?é}ﬂéf@?at e esters

i socyanat e, ket one, car arrat e sul cyana triazine, amdin
thiol, imde, cyhrlrtmh‘aﬂ meierm wasdazadé cby asmlyiﬂg aboutlo BGQt&Haeomreédrhyhg
benzene, phenol . _or c

he functjona mer fine
powder resin of RISHE qr '“?Cklpr"{tlzgrse?@@%'p £§|%u er @H?lwﬁﬁg %gmt' onal
pol ymer. 5i5 The.émee%aaqhﬁ&% 1aePef Mﬁ%mfehpﬁ/ ‘Eg!g)‘??xnﬁ%élv 108 %ﬁm
further conprising at | east one additional or unctl onal
TEE copol yner flihedspeaw®K wassiemovediraimrthe beadirigeby dosing the bgadmgnmaast one
addi tional perf lsUcParlr%)é)n’Yanner at 49 ° C for about 24 hours.
The break Strength of the beading was measured using an
Instron® tensile tester using an initial sample length of 2.54 cm and a
20  crosshead speed of 2.54 cm/min. Results for matrix tensile strength

reported in Table 8 are the average of 3 or more tests.

Table 8: Beading Matrix Tensile Strength

Matrix Tensile Strength (kPa)

Polymer A 7,612
Polymer B 7,302
Polymer C 6,343

25
Approximately the first and last 2.5 m of the extruded beading
were discarded to eliminate end effects. A 1.9 cm section of the
extruded beading was expanded at a ration of approximately 35:1, by
stretching at 250 °C to at a constant true strain rate of 1 s™ (the

30  engineering rate at the start of expansion is 100 %/s). Approximately a
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30 7. The functional TEE copol yner fine powder resin of claim4 wherein the
at | east one additional polynmer is a second functional TFE copol yner.
W02012/ 039628R2MWBH49$2011/ 049058 8. The functional TFE copalryusesiifougees powder
resin of clai i oG It 2 { s PTFE

pol ymer. 9. Thmg’éf%grfdgﬁﬁo%EEéE%%g%%er ftlﬁ%gxégﬁg%# bggé%ﬁ?é claim4
wherein the at rémased carel thedinbkiomah bpedly load oftha remdiéd ednmipld-beladty mer .

510. An expanded | yneri.c erial conprising.a functional TFE copol yner
material havi p@o%{%ﬁ?épgﬁtpfﬁc%é Bl\‘éroi _'@P?ﬂe% @%/'Srm@@rﬁﬁt%‘%ﬁﬂect ed by
fibrils wherel idtime tnsHoReS¥BEing HPhiiaPSaRoROBKERT o184 enPhnd BE and at

| east one conononer having a functional group that™Is pendant to
pol ynmer cha$ n. classheatispeed pi2deti cpdhimelhe madtietarsile streagti wagd0 furt her

conprising at | one addi ti onal | ymer. 12, The expanded pol ymeric
material of cl 85%\%%&? ﬁpph '@8?95?9@?0%35[0%0'6%{& J@rfé‘aﬁgé# %%é)mppé
fluoropol ynmer testeql3. The expanded pol yneric material of claim10 further
conprising at 15l east one additional perfluoropolynmer 14. The expanded

pol yneri c nat eMaple 9f Espanded BeabipigeMatrixRerdile! SisigtRne addi tional pol ymer
is a second functional TFE copolymer. 15. The expanded polyneric materi al

of claim 1l wherein the at |east one additional polyner is PTFE pol yner.

2016. The expanded pol yneri el i 1 wherein the at | east one
additional poly yglt?sr'ghmé\lﬁ?tﬁgﬁlg#?%%%f@hng{@ 7. The expanded pol yneric

material of cla erein the aﬂ”l’(gaﬁst one conononer is a fluorovinyl

et her comononer PelyM&id general f or nR4a156F2=CF- ORf Z, where Rf represents a
fluoro al kyl grBalyn&sdpti onal |y int ezeragpt ed by one or nore oxygen(s) and Z
represents;@ functional group. 18. The expanded polyneric material of claim

csier. amine. ani de. TEAPBERYEI REPrlng WERAISHYPt RE TR rklFyRPBeHdR g or
Zg: Ei So£ her eof , 2805 by wight HeKOBIUh Wb PBUez5 a8y dHdlRs. THEfdxPandggosphonic
beading was then removed, rinsed with de-ionized water and submersed
in 15% by weight nitric acid in water at a temperature of 175°C for 4
15 hours. The expanded beading was then removed, rinsed and air dried.
The samples were then submersed in water and only the
expanded beading made with the blend of two functional TFE

copolymers, Polymer C, was hydrophilic as it became translucent.
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salt, hydroxyl (alcohol) sulfate esters, phosphate esters, isocyanate,

ket one, carbamate, disulfide, cyanate, triazine, amdine, thiol, imde,
W02012/ 039628P2(0BH48%2011/ 049058 car bodi i m de, im dazol e, Paziu$e)11a290689,
styrene, al kyl \hgerfme, phenol, or catechol. 19. The expanded pol yneric
material of claim 10, wherein the TFE copol yner conprises at |east one
functional group selected frombnitrile, al dehyde, carboxylic acid or salts

aci d or ' saits ind BEtoBE T8 shPRBR frede st Alonalib < The, ¢

phosphoni c acid or sal4 TFEy/stpviythef 8braphsihy.a solyinat ehamt s ERE BRaskhat e
esters, isocyanate, ketone, carbamate, disulfide, cyanate, triazine,

ani di ne, 10%hi ol , lemstj@ne@amweﬁwmg affunctional groppgeendant tothest yr ene,
al kyl benzene, pheE8|lPFp ﬁ{echol 20. The expanded polymeric material of
claim10, further r 5| ng 'at | east one bioactive species imobilized

thereto. 21. The expawHeimtieyfupictionalatfE capolgiee finepodtiernbsings n t he at
| east 15o0ne bi oacti ve speci eEI is immbilized to the functjonal group t hat

i s pendant to the PBFIgMRNIUIR %anctgxpwbé&ﬂuﬂmraw JwrgtiopahdEBri al  of
wh
claim 20, wher e| ” ﬁhﬁ !%e'n@ﬁﬁéetgﬂgoléylﬁg‘%% W@S%Hé?@tehkgﬁﬁgl' Ve

pol yner. e’ expa I'c materia wherein the
at | east 200ne b| oaodewmtsrpenhestedé.)yeﬂbrdﬂ ganic material. 24. The expanded

s pol ysacchar Pde. T85 finGlonal pEFAEPOBETGHLIS CONHPLiEel OBHaED i MIEEEiaher or n
the at least one biagtibygt &rﬂ@@éménbmehﬁa@hprh fupet8nal diBugxPgnded pol ymeri c
material of claim?20 further conprisin east one spacer arm between the
expanded pol yneri cflu@mmyhetlmﬁ@fthmgmwabtqrwlaﬁEﬁ@E—ORfZ where Ry
represents a fluoro alkyl group optionally interrupted by one or more
15 oxygen(s) and Z represents a functional group.
3. The functional TFE copolymer fine powder resin of claim 2, wherein
Z is nitrile, aldehyde, carboxylic acid or salt, ester, amine, amide,
carbonyl halide, sulfonyl halide, sulfonic acid or salts thereof,
sulfonamide, sulfonimide, anhydride, sulfide, phosphonic acid or
20 salts thereof, hydroxy (alcohol) sulfate esters, phosphate esters
isocyanate, ketone, carbamate, disulfide, cyanate, triazine, amidine,
thiol, imide, carbodiimide, imidazole, azide, azido, styrene, alkyl
benzene, phenol, or catechol.
4.  The functional TFE copolymer fine powder resin of claim 1 further
25 comprising at least one additional polymer.
5.  The functional TFE copolymer fine powder resin of claim 1 further
comprising at least one additional fluoropolymer.
6. The functional TFE copolymer fine powder resin of claim 1 further
comprising at least one additional perfluoropolymer.
30 7. The functional TFE copolymer fine powder resin of claim 4 wherein
the at least one additional polymer is a second functional TFE
copolymer.
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27. The expanded polyneric material of claim26, wherein the spacer armis
a bioactive species. 30 28. The expanded polyneric material of claim 26,
wherei n twe 28pzcess3arm i s i mmobilized to the functional Pgraspoitiloadoss s

pendant o t he gool YHBIfulidtiind TFERPL/MEMRIPEA IR 60AIMTE Akrefh P! OCESS

conprising a) polynerizing TFE and east one compnhoner conprising a
functional group tthe alrleast snmadditiondl poiEnenisd? T pohyewémg a nmul tiplicity

of functional grou hat,. ar ndant to the polyner.5chain; b) expanding
the functional %TFE%SE%WS}WE‘??FEEFW Y. eregﬂ}?aﬂg‘ﬁggﬁ*@é'rbg{g‘gﬁ%ér‘&f&erﬁ& eri al
having functional gfeostisastsheraddifoRATONhEF 8 £RBUFRIEPTREGIPpmEdes

I nterconnected by fibrils; and 10c) reacting the functional dgroups after

the step of3exJ@ndPREXPREIE holyraers material 6popyising a fundtigngeTEEcheni cal or

hysi cal property : i EE . cO I erial. 30.
'Fl)'h)é process of cl a?é?@g&em éﬁﬁl%a%%égﬁggésﬁ@fﬁrgﬁﬂgka@r{%ézq%¥ Pgses
functional groups mterconnstted by filtilQwhbesth tiad TFEaGRYlyrREr caAPFess at 0 15f orm
a secondary functi onal ? erein the step

r%up. 31. The process of claim29,
of reacting conpri BeYM&r ohgisef bk avAeatileast aneamenemephaving apr ocess of

! pr i BEY ! _ rocess. of
bi oact i ve Spec es. 'SbaaraBIR AAIEEARaN BIAUEDRRMATS LS5 cnctive

speci es isl@ cdribofidrexpand&d polineerjzr matsial of cleirai‘lmfaﬁthemb@mp:riﬁingf‘eﬂ _
bi oacti ve species iﬁs E FOl ya%.cchiari de. 35. The process of claim 34, wherein
the the pol ysacchal23tone adAtioNa! polkeel.cogen, heparin, heparan sul fate,

hyal uroni ¢ aci alqgHad e, : i : ﬁgﬁﬁgr'
agar ose, chi toggh, Tgiﬁ)fﬁfglgqapn%tég@@eaﬁ@%ﬁf\%%,H]yg('% arch, dgﬂn(fr;%@%%
pol yal dehyde. 36. [Hast pneadditiontl tuabpolgMmerwherei n reacting the functional

groups compri 93, r?ﬁ(e:teixggngl\éotl Bo@ms rl%trgg%eirfél BPélYaVn?rm further comprising at
15 least one additional perfluoropolymer

14. The expanded polymeric material of claim 11 wherein the at least
one additional polymer is a second functional TFE copolymer.

15. The expanded polymeric material of claim 11 wherein the at least
one additional polymer is PTFE polymer.

20 16. The expanded polymeric material of claim 11 wherein the at least
one additional polymer is a modified PTFE polymer.

17. The expanded polymeric material of claim 10, wherein the at [east
one comonomer is a fluorovinyl ether comonomer of the general
formula CF2=CF—OR:Z, where R; represents a fluoro alky! group

25 optionally interrupted by one or more oxygen(s) and Z represents a
functional group.

18. The expanded polymeric material of claim 17, wherein Z is nitrile,
aldehyde, carboxylic acid or salts thereof, ester, amine, amide,
carbony! halide, suifonyl halide, sulfonic acid or salts thereof,

30 sulfonamide, sulfonimide, anhydride, sulfide, phosphonic acid or
salt, hydroxyl (alcohol) sulfate esters, phosphate esters, isocyanate,
ketone, carbamate, disulfide, cyanate, triazine, amidine, thiol, imide,
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3037. The process of claim 36, wherein the synthetic polyner is TFE-
PMWE- 8CNVE, TFE- VDF- HFP- 8CNVE, pol y(vi nyl acetate), poly(vinyl alcohol),

pol y( et hywereizglsyessl ), pol y(propyl ene glycol), poly(ethpCeruszétmionmys
ol y(et hyl acryl at 2011/ 049058
pol y(et hy y e&pbo@w&@qw 421G Al e, azif t%g@ﬁ%g%g@ﬁjeﬁgkﬂé

poly(acrylonitrile) ene Vi nyl 'aceta ne' vi nyl
al cohol , pol y(acrypbﬂ’h@lepr C@t@bb()ln butyl i socyanate), poI y(vi nyl

pyrrolidinone), po droth | at o

pol y(di met hyl si |90xiﬁé 1068‘1i )688’ opHal 5@9@% i#8dhe MFk) . or
5pol y(L-1actide), @6pél§lﬁierr c@ﬁmisﬁwt%aﬁaneTm%th@PQﬁ)%p%lééteum‘o?& wher ei n
the chemcal reaction is hydrolysis of esters to form al cohol s, hydrol ysis

of esters t& form B#flBorldenydecearboxyligiasid nua@tmmr$¢fces@bsamm| on,

Todenycr ogenat i on AManean it e0e PRI TAIE SulShE B Prsdfheldi™ ' O™

nucl eophi lic subst Bulwnavnldeeéulmrnmﬁd@@nhydrl@@r&@ﬁtﬁeﬁltﬁh@@?h&ﬂc atheopr OCGSS of
claim 31, wherein the chemcal reaction is amnolysis of esters to form

ani des. 40. $alb hydsexd salsphel), aﬁ%@lesmr@ioﬁphﬁt@ @Hiersi cal reaction is
proton 15abstracti %’60 éﬂateAk%ﬁgogé% ngﬂémé[b@'nag e%ﬁf@gﬂ%ﬁﬂﬁ %r?l?cflhé’nal TFE

copol yner materi al Y aeterTze es’ interco

conpri singla copol ;h‘relr mrtieTEErba:ddrrMe ImmﬂzolmeszimestWeNe regk
functional group t IS ndant to. the pol ymer chain and at |east 20one
bi oactive speci es ?r%?ﬁq’l 8Ot 196 C8t8sN0h2. The conposite of claim 41

wherein the at 5 RIRASS I Pherie ARSI afscléxgm@%ﬁhgﬁc&m@w% at#3. The

conposi te of cI a| m41 erein the at I|east one oactl ve Ies¥is an
organi c material . wsﬂanebhraortwms@eblee lmfnajdllmedlmérertber ein the at |east one

bi ti Th t f cl
41 compr 1 si ng: 2 rITREXAED BOHBENe iAo A 2B e i FELadeafol yror i ¢

sur f act ant 1gon- COV@hé'b‘idébt@éts@@Bl%@ ié ﬂnﬁ%@uli&éa%@ﬁ‘@fJﬁéﬂehéP@}ghPfﬁﬁ igopol ymer
30material, wherein the p E'Kmsrlc surfactant is chemcally ditferent than

t he expanded f unct p@ndanntp e ppbinyereghaimt eri al , and wherein the polyneric
surfactant is 5'?9S1Sné é)%a%% dopdl§/r§1%|rifcmaterial of claim 20, wherein the at least

one bioactive species is a bioactive polymer.
23. The expanded polymeric material of claim 20, wherein the at least

20 one bioactive species is an organic material.

24. The expanded polymeric material of claim 20, wherein the at least
one bioactive species is polysaccharide.

25. The expanded polymeric material of claim 20, wherein the at least
one bioactive species is heparin.

25  26. The expanded polymeric material of claim 20 further comprising at
least one spacer arm between the expanded polymeric material and
the bioactive species.

27. The expanded polymeric material of claim 26, wherein the spacer
arm is a bioactive species.

30 28. The expanded polymeric material of claim 26, wherein the spacer
arm is immobilized to the functional group that is pendant to the
polymer chain.
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WD 2012/ 039883PCT/ US2011/ 049058 a second | ayer conprised of at |east one
speci es of hydrophilic polynmer covalently attached to the first layer; and
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31. The process of claim 29, wherein the step of reacting comprises at
least one chemical reaction.
32. The process of claim 29, wherein reacting the functional groups
comprises reacting with a bioactive species.

20  33. The process of claim 32, wherein the bioactive species is a
carbohydrate.

34. The process of claim 32, wherein the bioactive species is a
polysaccharide.
'35. The process of claim 34, wherein the the polysaccharide is chitin,

25 glycogen, heparin, heparan sulfate, hyaluronic acid, alginic acid,
dextran sulfate, cyclodextrin, agar, agarose, chitosan, cellulose and
its derivatives, starch, and starch polyaldehyde.

36. The process of claim 29, wherein reacting the functional groups
comprises reacting with a synthetic polymer.

30 37. The process of claim 36, wherein the synthetic polymer is TFE-
PMVE-8CNVE, TFE-VDF-HFP-8CNVE, poly(vinyl acetate),
poly(vinyl alcohol), poly(ethylene glycol), poly(propylene glycol),
poly(ethylene imine), poly(ethyl acrylate), poly(acrylic acid),
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greater than 10, oo8cidecihirisucelphiic sphstivdapollichachs asedien, of cl ai m 55

wherein the inbi beggﬁgé{ﬁfda%nc%gey%%ﬁ%%egfomwgﬁrqre?%rm'gtﬁgpcorrposi te

menbrane of claim ereint erial “Ts covalently bonded to
said at | ed8t one Hempdrogentigr ang uhsaturatiorpfendation teletthephiid sd@itioahai n. 30
60. The conposite rreabra@F of claim gai wherein the inbi bed materi al
conprises an ion eR¥figABRIGEHRSYtHION, @limingtion orseaeas#ikr ane of cl ai m 60
wherein the ionage L o] LS f fapi.chiachdic WO
20121 039883PCT) Ueo0 LaT CIS0eE Ea " A Whrefand SRFficatPeationaTaimiRGh Sl | (g
a functional TFE cobesdtgreio foarneamideshavi ng a microstructure characteri zed

by nodes i nt ted by fibrils wherein the TFE L yne i ses:
2 & pol yrer CAGL i 5 DrReBSs AL P eTra the ShRRVR PGS & aRtnc | onal

group that15s pendgpstrd@ionhe pol yner chain; and b) a filler
material. 63. The conposite nenbrane of claim62 wherein the filler
material is cod¢dl eAtgomprsilecepnoprising anaxpaaded funsiionahTEE®@ogiolyygnerup t hat is

pendant to the pol MiatLrial %i{:lpactércl)ztseéld bﬁngagg?nﬁgrcgﬂrqgétieaib%brils comprising
a copolymer of TFE and at least one comonomer having a
functional group that is pendant to the polymer chain and at least
20 one bioactive species immobilized thereto.
42. The composite of claim 41 wherein the at least one bioactive
species is a bioactive polymer.
43. The composite of claim 41 wherein the at least one bioactive
species is an organic material.
25  44. The composite of claim 41 wherein the at least one bioactive
species is heparin or heparan sulfate.
45. The composite of claim 41 comprising:
a first layer comprised of a least one species of polymeric surfactant
non-covalently attached to the expanded functional TFE copolymer
30 material, wherein the polymeric surfactant is chemically different
than the expanded functional TFE copolymer material, and wherein
the polymeric surfactant is cross linked to itself;

50



providing a functional TFE copolymer fine powder resin conprising: a) TFE
copol ynmer conprising a polyner chain of TFE and at | east one conononer
havi ng a worotzmessB group pendant to the pol ymer chain, Pd:ﬁmseolejomo’sme

functional TFE copgl [ Xt

expandable into a fg)g}égﬁé E%@t@%ﬁeﬁ*ﬁ@@o@é&??@r %)gmrratog%@fgpﬁw ing a

m crostructure chapelqtrmmcnedlelmﬁymﬂidelsed td thecfirstilageed by fibrils; and

b) treating said fgﬁ&ti naI yner, fi ng?ﬁgowder W th 20rad| ation. 65.

0l
The process of cla EPB? 'QC V?Pﬁeﬁ@ﬁ(ﬂ d 0 e pRmRIYlayesin i s
treated with rafp afh@Rohipdsite o%%x?ﬁd poﬁére'?‘n El’f‘é‘ﬁa?menc%rfa%té?ﬂocess

conprising: a. providing an expa ymeric erial conprising a
25f uncti onaf TFE copmpyises artadactivalspeaigisng a mi crostructure characteri zed
by nodes inter fibrils wherein onprises a

pol ymer chain g?n g(éat g’?ﬁg e ?%&@S'%é“@&%ﬂﬁgﬁﬂ‘w \9?’%8?% gﬁ?@fy al group
cupancedpoymer  neERSIANIERIOFAS By onée Hbglhecking anidchgfit e
wherein the expandé@opolyyf?rﬁfrdfd'%aed |aalea8§00é@aﬂmmamerfhavaw ation in the
presence of a reactant rboxylic acid functional group that is pendant to the polymer
10 chain, and a polysaccharide containing a hydroxyl functional group
wherein the composite comprises an ester bond between the
expanded functional TFE copolymer material and polysaccharide.
48. A composite comprising an expanded functional TFE copolymer
material characterized by nodes interconnected by fibrils, the
15 composite comprising:
a.) a copolymer of TFE and
b.) atleast one comonomer having an amine functional group
that is pendant to the polymer chain, and
c) a polysaccharide immobilized thereto.
20  49. The composite of claim 47 or claim 48, wherein the functional group
of the comonomer are initial functional groups and at least a portion
of the initial functional groups are reacted to form a secondary
funtional group, the secondary functional group comprising a
carboxylic acid or an amine, and a polysaccharide immobilized
25 thereto.
50. The composite of claim 47 or claim 48 further comprising a spacer
arm.
51. A medical device comprising an expanded polymeric material
comprising a functional TFE copolymer material having a
30 microstructure characterized by nodes interconnected by fibrils
wherein the TFE copolymer comprises a polymer chain of TFE and
at least one comonomer having a functional group that is pendant to
the polymer chain.
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The medical device of claim 51 wherein the expanded polymeric
material further comprises at least one bioactive species
immobilized thereto.

The medical device of claim 52 further comprising a spacer arm.

A medical device comprising an expanded functional TFE

copolymer material characterized by nodes interconnected by fibrils

comprising a copolymer of TFE and at least one comonomer having
an amine functional group that is pendant to the polymer chain, and

a polysaccharide immobilized thereto.

A composite membrane comprising:

a. An expanded polymeric material comprising a functional TFE
copolymer material having a microstructure characterized by
nodes interconnected by fibrils wherein the TFE copolymer
comprises a polymer chain of TFE and at least one comonomer
having a functional group that is pendant to the polymer chain;
and

b. a material at least partially imbibed into said expanded polymeric
material.

The composite membrane of claim 55 wherein the imbibed material

substantially occludes the pores of the expanded polymeric

material.

The composite membrane of claim 55 wherein the imbibed material

substantially occludes the pores of the expanded polymeric material

and has a gurley value of greater than 10,000 seconds.

. The composite membrane of claim 55 wherein the imbibed material

comprises a polymer.

. The composite membrane of claim 55 wherein the imbibed material

is covalently bonded to said at least one functional group that is
pendant to the polymer chain.

. The composite membrane of claim 55 wherein the imbibed material

comprises an ion exchange material.

. The composite membrane of claim 60 wherein the ion exchange

material comprises a perfluorsulfonic acid.

52



WO 2012/039883 PCT/US2011/049058

10

15

20

25

30

62.

63.

64.

65.

66.

An expanded polymeric material comprising a functional TFE
copolymer material having a microstructure characterized by nodes
interconnected by fibrils wherein the TFE copolymer comprises:
a) a polymer chain of TFE and at least one comonomer having a
functional group that is pendant to the polymer chain; and
b) a filler material.
The composite membrane of claim 62 wherein the filler material is
covalently bonded to said at least one functional group that is
pendant to the polymer chain.
A process comprising:
providing a functional TFE copolymer fine powder resin comprising:
a) TFE copolymer comprising a polymer chain of TFE and at least
one comonomer having a functional group pendant to the
polymer chain,

wherein the functional TFE copolymer fine powder resin is paste

extrudable and expandable into a porous functional TFE

copolymeric material having a microstructure characterized by
nodes interconnected by fibrils; and

b) treating said functional TFE copolymer fine powder with
radiation.

The process of claim 64 wherein the TFE copolymer fine powder

resin is treated with radiation in the presence of a reactant.

A process comprising:

a. providing an expanded polymeric material comprising a
functional TFE copolymer material having a microstructure
characterized by nodes interconnected by fibrils wherein the
TFE copolymer comprises a polymer chain of TFE and at
least one comonomer having a functional group that is
pendant to the polymer chain; and

b. treating said functional expanded polymer material with
radiation.

67. The process of claim 66 wherein the expanded polymeric material is

treated with radiation in the presence of a reactant.
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