CLAIMS

Whais claimed is:

A fluorocarbon liquid composition comprising a fluorocarbon liquid medium
contain¥yg a fluorinated ionomer dissolved or dispersed therein, at least 90% by weight of
the fluoringted ionomer consisting in particles of size lower than 200 nm, the fluorinated

ionoiner com

fluorinated monoNer units containing ethylenic groups and functional groups
transformable into hyNrophilic groups, chosen from the groups consisting of —SO,F, -

COOR, -COF and combNations of these, wherein R is a C; to Cyg alkyl radical or a Cg to

Cyo aryl radical,

monomeric units derivihg from a'{is-olefin, chosen among the formulae (OF-1), (OF-2),
(OF-3} where:
(OF-1)

(OF-2)

wherein each of A, equal or different from each other and at each occurkence, is
independently selected from F, Cl, and H; each of B, equal or different from\each

other and at each occurrence, is independently selected from F, Cl, H and O
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wherein RB is a branched or straight chain alkyl radical which can be partially, or
completely fluorinated or chlorinated; E is a divalent group having 2 to 10 carbon

atom, optionally fluorinated, which may be inserted with ether linkages;

wherein E, A aqd B have the same meaning as above defined; R5, R6, R7, equal

or different from dqch other, are H, F or C1-5 alky! or (per)fluoroalkyl group; and

iodine and/or bromine atoms.

The liquid composition of claimV, wherein the ionomer has an equivalent weight of

between 380 g/eq and 620 g/eq.

The liquid composition of claim 1, whereil the bis-olefin has the formula:

RiR2C=CH-(CFz)m-CH=CRsR4

wherein: m=2-10, R, Rz, Rs, R, are equal to or differen\from each other and are H or C;

~Cs alkyl groups.

The liquid composition of claim 1, wherein the iodine and

where X and X are chosen from the group consisting of I, Br, and combinations of %ese.

terminal position of the ionomer primary chains, said iodine Apd/or bromine atoms

coming from a fluorocarbon chain transfer agent of formula:

X1(CF)uX2
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. The liquid composition of claim 4, wherein the content of the iodine and/or bromine

10.

toms is between 0.1% and 5% by weight based on the jonomer.

e liquid composition of claim 1, wherein the fluorocarbon liquid medium comprises

a perfludgopolyether or consists of a mixture of pérﬂuoropo]yethers.

The liquid gemposition of claim 6, wherein the perfluoropolyethers comprised have
the general formula F;C-O-[CF,-CF(CF3)-0O];-[CF2-0]1,-CF; wherein m and n are
integers, being n>0 ayd m 29, said perfluoropolyethers each having molecular weight

between 300 amu and 680 amu and a boiling point between 20°C and 150°C.

The liquid composition of\Jaim 7 wherein the liquid composition contains mixtures
of perfluoropolyethers having theNgeneral formula F3C-O-[CF2-CF(CF3)-0];-[CF2-Ol,n-
CF3, said mixtures having boiling pdipts comprised between 55°C and 135°C and a ratio

between the indexes m and n below 0.0

The liquid composition of claim 7 whereit\the liquid composition contains mixtures
of perfluoropolyethers having the general formuth F3C-O-[CF,-CF(CF;)-0],-[CF2-Q] -
CF3, each perfluoropolyether having molecular weight between 400 and 600 amu, said
mixture having a boiling point comprised between 80°G.and 100°C and a ratio between

the indexes m and n below 0.05.

The liquid composition of claim 1, wherein the fluorocarbonNjquid medium comprises

a hydrogenated fluoropolyether.

11.

12.

The liquid composition of claim I, wherein the fluorocarbon liquid Nedium consists

of a mixture of hydrogenated fluoropolyethers.

The liquid composition according to claims 10 or 11 wherein the hydrogenated Nuoro-
polyethers have the general formula R*-O-R¢-R*’” wherein:
-R*and R*, equal or different from each other, are independently chosen between

-CiFam+1 and -CyFayur1.nHy groups, with m, n being integers from 1 to 3, h being integer >
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13.

14.

15.

1, chosen so that h <2n+1, with the proviso that at least one of R"and R™ is a ~CoFapi1.

nEh group, as defined above;

chosen among the followings structures (1), (2), and (3) where:

structulg (1) is «(CF20),-(CF2CF,0)p-(CF2-(CF2)2-CF,0)., with a, b and ¢ being integers
up to 10, aQd z’ being an integer equal to 1 or 2, a 20, b =0, ¢ =0 and a+b > 0;
structure (2} 1s -§C3F60)¢-(C2F40)p-(CFXO0),- , with X being, at each occurrence,
independently seled{ed among -F and -CF3; b, ¢’ and t being integers up to 10, ¢’ > 0,b =

0,t =0; and

structure (3) is -(C3FsO0)-(OFXO)- , with X being, at each occurrence, independently
selected among -F and -CF3; c\and t being integers up to 10, ¢’ > 0, t =0.

The liquid composition of claim N2 where Ry’ is selected from among structures (1)
and (2).

The liquid composition of claim 1, whereix the fluorocarbon liquid medium comprises
the methoxy nonafluorobutane isomers (CF3),NFCF,-O-CH; and/or CF3CF,CF,CF,-0-

CHs.

The liquid composition of claim 1, wherein the fluoringted ionomer comprises:

monomeric units comprising tetrafluoroethylene;

transformable into hydrophilic groups, said hydrophilic groups choden from the groups
consisting of —SO,F, -COOR, -COF and combinations of these whereiz\R is a C; to Cag

alkyl radical or a Cg to Cyp aryl radical,

monomeric units deriving from a bis-olefin of formula:

RiR;C=CH-(CF2),,-CH=CR:R¢
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wherein: m=2-10, Ry, Rz, Rs, Re, are equal to or different from each other and are H or

C; —Cs alkyl groups; and

\ne and or bromine atoms in a terminal position of the primary chains, said iodine

and/oNpromine atoms coming from a fluorocarbon chain transfer agent of formula:

(CF)uX>

where X, anf X, are chosen from the group consisting of I, Br, and combinations of

these.

16.  The liquid composion of claim 15, wherein the fluorinated monomeric units
containing ethylenic group\ and functional groups transformable into hydrophilic groups

have formula:

CFz-’CF-O-CFzCFgS 02

17.  The liquid composition of claim Y, wherein the liquid composition additionally

comprises a crosslinking agent and a radicaNinitiator.

18.  The liquid composition of claim 17, wherein th¥ crosslinking agent is a bis-olefin of

formula:
R{R2C=CH-(CF3),~-CH=CR;R¢

wheremn: m=2-10, R, Ry, Rs, Re, are equal to or different fromMeach other and are H or C;

- —Csalkyl groups.

19.  The liquid composition of claim 17, wherein the radical initiator is Xn organic dialkyl

peroxide.

20.  The liquid composition of claim 17 wherin the radical initiator is

butylperoxy)-2,5-dimethylhexane.
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22,

23.

24.

25.

26.

27.

28.

21.

The liquid composition of claim 1, wherein at least 95% by weight of the fluorinated

ionomer consists in particles of size lower than 200 nm.

he liquid composition of claim 1, wherein at least 99% by weight of the fluorinated

ionomey consists in particles of size lower than 200 nm.

The liqui§ composition of claim 22, wherein at least 99% by weight of the fluorinated
ionomer consisty,in particles of size lower than 125 nm.
The liquid compo)jtion of claim 22, wherein at least 99% by weight of the fluorinated

ionomer consists in partid]es of size lower than 40 nm.

The liquid composition of ¥laim 22, wherein at least 99% by weight of the fluorinated
ionomer consists in particles of sixg lower than 15 nm.
A fluorocarbon liquid compositiyn comprising a fluorocarbon liquid medium
containing a crosslinkable fluorinated iono¥ger dissolved or dispersed therein, at least 90%
by weight of the crosslinkable fluorinated idgomer consisting in particles of size lower
than 200 nm.

The liquid composition of claim 26, wherein thg liquid composition additionally

comprises a crosslinking agent and a radical initiator.

A microporous membrane composite comprising:

amorphous ionomer with acid hydrophilic groups, the microporqus membrane
composite is non-dewetting after autoclave treatment in water, sai
microporous membrane composite is wet with methanol and water coytaining
solutions, and said microporous membrane composite has a flow loss 0£%2%
or less compared to the microporous membrane support when measured us?

500 milliliters of isopropyl alcohol at a pressure of 97,905 Pa.
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An article comprising:

a methanol and water solution wettable microporous membrane composite that
is non-dewetting following autoclave treatment 111 water, said microporous
membrane composite comprises a microporous membrane support with a
surface area of 10 m%g or more that has a coating on surfaces and pores of the
microporous membrane support, said coating comprises an ionomer with
h¥drophilic groups where the ionomer is crosslinked, the microporous
memrane composite has a flow loss on average in isopropyl alcohol that is
82% orNgess compared to a flow loss on average in isopropyl alcohol for the
uncoated 1xicroporous membrane support when measured using 500 milliliters
of isopropyl ¥cohol at a pressure of 97,905 Pa, and where the pore size of the

microporous méygbrane support is 0.45 microns or less,

An article comprising:

The article of claim 30 where the fluorinated ionomer is crosslinked wit

crosslinker comprising bis-olefins.

The article of claim 30 where the ionomers have an equivalent weight of betweel 380

g/eq and 620 g/eq.

a microporous membrane\gomposite comprising a microporous membrane
support that has a rated pore\ize of 0.2 microns or less and an amount of a
coating comprising an amorph®us crosslinked fluorinated ionomer on the
surfaces and pores of said micropdtous membrane support whereby the
micoporous membrane composite is Non-dewetting following water autoclave,
and said microporous membrane compo\jte is wettable with a solution
containing methanol in an amount of less than 80wt % methanol in water; said
microporous membrane composite has a flowNpss on average in isopropyl
alcohol that is 82% or less compared to a flow lo%g on average in isopropyl

alcohol for the uncoated microporous membrane sulport when measured using

500 milliliters of isopropyl alcohol at a pressure of 97,805 Pa, said crosslinked

fluorinated ionomer comprises crosslinker groups that areNyithout hydrophilic

groups.
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34.

335.

36.

37,

33.

The article of claim 30 where the microporous membrane composite has an ion

exchange capacity of 95 nanomoles/cm’ or more.

J he article of claim 30 where the microporous membrane support is a multilayer

memopanc,

\cle of claim 30 where said microporous membrane composite has a mean
densitometer Xalue determined by densitometer readings of a methylene blue dye stained
sample of said migroporous membrane composite, said mean densitometer value is within
+9% of a mean denN{ometer value determined by said densitometer of said methylene
blue dye stained microporous membrane composite after 4 or more hours flow through
contact with isopropyl alchhol containing 5000 ppm fluorosurfactant at a temperature of
between 70 °C and 80 °C at \flow rate of at least 80 ml/min through a 47 millimeter

diameter sample of said methylexe blue dye stained microporous membrane composite.

The article of claim 30 where saidymicroporous membrane composite has a mean
densitometer value determined by densidqmeter readings of a methylene blue dye stained
sample of said microporous membrane comigosite, said mean densitometer value does not
differ at the 95% confidence limit by a Studeni\t test from a mean densitometer value
determined by said densitometer of said methyleny blue dye stained sample of said
microporous membrane composite after 4 or more hdyrs flow through contact with
isopropyl alcohol containing 5000 ppm fluorosurfactant\t a temperature of between
70 °C and 80 °C at a flow rate of at least 80 ml/min througNa 47 millimeter diameter

sample of said methylene blue dye stained microporous mem

~The article of claim 30 where the microporous membrane com

38.

permeability of greater than (1000 liter/atm*hr*m?),
An article comprising:

a methanol and water solution wettable microporous membrane compgsite
comprising a microporous membrane support and an amount of a coatin
comprising an amorphous crosslinked fluorinated ionomer on surfaces and
pores of said microporous membrane support, the microporous membrane
composite is non-dewetting following water autoclave and said microporous
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membrane composite has a flow loss on average in isopropyl alcohol that is
82% or less compared to a flow loss on average in isopropyl alcohol for the
uncoated microporous membrane support when measured using 500 milliliters
of isopropyl alcohol at a pressure of 97,905 Pa, and where the pore size of the
microporous membrane support is 0.45 microns or less, said crosslinked

norinated ionomer comprises:

groups chosen froig the groups consisting of —SO,F, -COOR, -COF and
combinations of these\wherein R is a Cj to Cy alkyl radical or a Cg to Cyg aryl

radical; and

monomeric crosslink units dewved from a bis-olefin of formula:

R1R2C=CH -(CF;) m—CH=CR5R6

wherein: m=2-10, Ry, Ry, Rs, R, are egyal to or different from each other and

are H or C| —C;s alkyl groups.

39.  The article of claim 38 where the amount of said coatidg is 25% by weight to 30% by

weight of said microporous membrane composite

40.  The article of claim 38 where microporous membrane support\g a multilayer

microporous membrane.

41. The article of claim 38 where fluorinated ionomer units are derived fro a fluorinated

monomer unit of formula;

CF,=CF-0O-CF,CF;S0,F;

36




The article of claim 38 where the microporous membrane composite has a surface area

\of 10 m*/g or more and an ion exchange capacity of 95 nanomoles/square centimeter or

43.

44,

45.

Tharticle of claim 38 where said microporous membrane composite has a mean
densitom¥er value determined by densitometer readings of a methylene blue dye stained
sample of sa\] microporous membrane composite, said mean densitometer value is within
+9% of a meanNensitometer value determined by said densitometer of said methylene
blue dye stained mNgroporous membrane composite after 4 or more hours flow throngh
contact with isopropy\alcohol containing 5000 ppm fluorosurfactant at a temperature of
between 70 °C and 80 °\at a flow rate of at least 80 ml/min through a 47 millimeter

diameter sample of said meXyylene blue dye stained microporous membrane composite.

The article of claim 38 wher\said microporous membrane composite has a mean
densitometer value determined by dgnsitometer readings of a methylene blue dye stained
sample of said microporons membrand\composite, said mean densitometer valte does not
differ at the 95% confidence limit by a St\dent-t test from a mean densitometer value
determined by said densitometer of said met\ylene blue dye stained sample of said
microporous membrane composite after 4 or mde hours flow through contact with
isopropyl alcohol containing 5000 ppm fluorosurfagtant at a temperature of between
70 °C and 80 °C at a flow rate of at least 80 ml/min tixpugh a 47 millimeter diameter

sample of said methylene blue dye stained microporous Membrane composite.

The article of claim 38 where said fluorinated ionomers ctains between 0.01% by

weight and 5% by weight of said bis-olefin.

46.

47.

The article of claim 38 where the coating comprises ionomers tha\have equivalent

weights between 460 g/eq to 600 g/eq.

A porous membrane composite comprising: a microporous membrane supgort with

pores 0.1 micron or smaller and a surface area of 10 meter’/gram,

said microporous membrane composite has an ion exchange capacity of 9
nanomoles/cm” or greater and is non-dewetting and has a flow loss on averag
in isopropy! alcohol that is 82% or less compared to a flow loss on average in
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48.

49,

50.

51.

structure (1) are integers up to 50.

52.

53.

4.

1sopropyl alcohol of the uncoated microporous membrane support when
measured using 500 milliliters of isopropyl alcohol at a pressure of 97,905 Pa,
a weight percentage of the crosslinked amorphous ionomer on the microporous

support is between 25 wt percent and 30 wt percent; and

said microporous membrane composite has a mean densitometer value

termined by densitometer readings of a methylene blue dye stained sample

at least 80 ml/minNhrough a 47 millimeter diameter sample of said methylene

blue dye stained micgporous membrane composite.

The fluorocarbon liquid dymposition of claim 1, wherein j is an integer

between 4 and 8.

The fluorocarbon liquid composNjon of claim 1, wherein E is a -(CF,)m-

group, with m being an integer from\3 to 5.

The fluorocarbon liquid composition of Waim 1, wherein E is FoC=CF-O-
(CF2)5s-O-CF=CF,.

The fluorocarbon liquid composition of claim 1\, wherein a, b and ¢ of

The fluorocarbon liquid composition of claim 12, wherd\n each ofa and b

are > 0 and b/a is comprised between 0.1 and 10 in structud (1),

The fluorocarbon liquid composition of claim 12, wherein b andt > 0, ¢*/b is
comprised between 0.2 and 5.0, and (¢’+b)/t is comprised between\§ and 50 in

structure (2).

The fluorocarbon liquid composition of claim 12, wherein t> 0 and ¢’/t is

comprised between 5 and 50 in structure (3).
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56.

57.

58.

59.

60.

61.

62.

The microporous membrane composite of claim 28, wherein the microporous

membrane composite is multilayered.

The microporous membrane composite of claim 28, wherein at least 90% by

weight of the ionomer consists in particles of size lower than 200 nm.

he article of claim 29, wherein the methanol and water solution wettable

‘mNgroporous membrane composite is multilayered.

The article of daim 30, wherein at least 90% by weight of the fluorinated

ionomer consists ¥ particles of size lower than 200 nm.

The article of claim 38y wherein at least 90% by weight of the fluorinated

ionomer consists in parti®es of size lower than 200 nm.

The porous membrane compo¥jte of claim 47, wherein at least 90% by weight

of the ionomer consists in particlss of size lower than 200 nm.

The porous membrane composite of Agim 47, wherein the microporous

membrane composite is-multilayered.
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CLAIMS

What is claimed is;

1. A fluorocarbon liquid composition comprising a fluorocarbon liquid medium
containing a fluorinated ionomer dissolved or dispersed therein, at least 90% by weight of
the fluorinated ionomer consisting in particles of size lower than 200 nm, the fluorinated

ionomer comprising:

fluorinated monomer units containing ethylenic groups and functional groups
transformable into hydrophilic groups, chosen from the groups consisting of —SO,F, -
COOR, -COF and combinations of these, wherein R is a C| to Cyo alkyl radical or a Cg to

Cy aryl radical;
monomeric units deriving from a bis-olefin, chosen among the formulae (OF-1), (OF-2),

{OF-3) where:
(OF-1})

wherein ] is an integer between 2 and 10 and R1, R2, R3, R4, equal or different
from each other, are H, F or C, to Cs alkyl or (per)fluoroalkyl group;

(OF-2)

wherein each of A, equal or different from each other and at each occurrence, is
independently selected from F, Cl, and H; each of B, equal or different from each
other and at each occurrence, is independently selected from F, Cl, H and ORB,

wherein RB is a branched or straight chain alkyl radical which can be partially, or
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completely fluorinated or chlorinated; E is a divalent group having 2 to 10 carbon

atom, optionally fluorinated, which may be inserted with ether linkages;

(OF-3)

RS A

B

R7

wherein E, A and B have the same meaning as above defined; R5, R6, R7, equal

or different from each other, are H, F or C1-5 alkyl or (per)fluoroalkyl group; and
iodine and/or bromine atoms.

2. The liquid composition of claim 1, wherein the ionomer has an equivalent weight of

between 380 g/eq and 620 g/eq.
3. The liquid composition of claim 1, wherein the bis-olefin has the formula:

R R,C=CH-(CF),-CH=CRsR

wherein: m=2-10, Ry, Ry, Rs, Ry, are equal to or different from each other and are H or C,

—Cs alkyl groups.

4. The liquid composition of claim 1, wherein the iodine and/or bromine atoms are in a

terminal - position-of the - ionomer-primarychains, -said-iodine- and/or-bromine-atoms—— -]

coming from a fluorocarbon chain transfer agent of formula:

XI(CFXz

where X and X; are chosen from the group consisting of I, Br, and combinations of these.

5. The liquid composition of claim 4, wherein the content of the iodine and/or bromine

atoms is between 0.1% and 5% by weight based on the ionomer.
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10.

11.

The liquid composition of claim 1, wherein the fluorocarbon liquid medium comprises a

perfluoropolyether or consists of a mixture of perfluoropolyethers.

The liquid composition of claim 6, wherein the perfluoropolyethers comprised have the
general formula F3C-O-[CF;-CF(CF3)-0],-[CF2-O],,-CF3 wherein m and n are integers,
being n>0 and m 29, said perfluoropolyethers each having molecular weight between 300

amu and 600 amu and a boiling point between 20°C and 150°C.

The liquid composition of claim 7 wherein the liquid composition contains mixtures of
perfluoropolyethers having the general formula F3C-O-[CF,-CF(CF3)-0],-[CF3-O]-CF3,
said mixtures having boiling points qomprised between 55°C and 135°C and a ratio

between the indexes m and n below 0.05.

The liquid composition of claim 7 wherein the liquid composition contains mixtures of
perfluoropolyethers having the general formula F3C-O-[CF,-CF(CF3)-0],-[CF2-0]n-CFs,
each perfluoropolyether having molecular weight between 400 and 600 amu, said mixture
having a boiling point comprised between 80°C and 100°C and a ratio between the

indexes m and n below 0.05.

The hiquid composition of claim 1, wherein the fluorocarbon liquid medium comprises a

hydrogenated fluoropolyether.

i
'

The liquid composition of claim 1, wherein the fluorocarbon liquid medium consists of a

12.

rmixture of hydrogenated fluoropolyethers.

The liquid composition according to claims 10 or 11 wherein the hydrogenated fluoro-
polyethers have the general formula R*-O-R¢-R** wherein:

-R*and R*, equal or different from each other, are independently chosen between
-CraF2m+1 and -CyFaue1.0Hp groups, with m, n being integers from [ to 3, h being integer =
1, chosen so that h <2n+1, with the proviso that at least one of R'andR" isa -ChFant1-

wHp group, as defined above;
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13.

14.

15.

R¢’ 1s chosen among the followings structures (1), (2), and (3) where:
structure (1) is -(CF20),-(CF2CF;0)y-(CF2-(CF,),-CF,0),, with a, b and ¢ being integers
up to 50, and z’ being an integer equal to 1 or 2, a 20, b 20, ¢ =0 and a+b > 0;

structure (2) is -(C3F¢0)-(C2F40),-(CFXO),- , with X being, at each occurrence,
independently selected among -F and -CFs; b, ¢’ and t being integers up to 10,¢* > 0,b =
0,t =0; and

structure (3) is -(C3F¢0)-(CFXO);- , with X being, at each occurrence, independently
selected among -F and -CF3; ¢’ and t being integers up to 10, ¢’ > 0, t =0.

The liquid composition of claim 12 where Ry’ is selected from among structures (1) and

).

The liquid composition of claim 1, wherein the fluorocarbon liquid medium comprises the

methoxy nonafluorobutane isomers (CF3),CFCF,-O-CHj; and/or CF3CF,CF,CF,-O-CHj.

The liquid composition of claim 1, wherein the fluorinated ionomer comprises:

monomeric units comprising tetrafluoroethylene;

fluorinated monomeric units containing ethylenic groups and functional groups
transformable into hydrophilic groups, said hydrophilic groups chosen from the groups
consisting of —SO,F, -COOR, -COF and combinations of these wherein R is a C; to Cyq

alkyl radical or a Cq to Cyy aryl radical;

monomeric units deriving from a bis-olefin of formula:

R;RoC=CH-(CF2)n-CH=CR R

wherein: m=2-10, Ry, Ry, Rs, Rg, are equal to or different from each other and are H or

C, —Cs alkyl groups; and
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iodine and or bromine atoms in a terminal position of the primary chains, said iodine

and/or bromine atoms coming from a fluorocarbon chain transfer agent of formula:

X1(CF)uXa

where X and X; are chosen from the group consisting of I, Br, and combinations of

these.

16. The liquid composition of claim 15, wherein the fluorinated monomeric units containing
ethylenic groups and functional groups transformable into hydrophilic groups have

formula;

CFZZCF—O-CFQ CF2 SOzF

17. The liquid composition of claim 1, wherein the liquid composition additionally comprises

a crosslinking agent and a radical initiator.

18. The liquid composition of claim 17, wherein the crosslinking agent is a bis-olefin of

formula;
R|R,C=CH-(CF;),,-CH=CRsR4

wherein: m=2-10, Ry, Ry, Rs, Rg, are equal to or different from each other and are H or C,

—Cs alkyl groups.

19. The liquid composition of claim 17, wherein the radical initiator is an_organic dialkyl_

peroxide.

20. The liquid composition of claim 17 wherin the radical initiator is 2,5-di(t-butylperoxy)-

2,5-dimethylhexane.

21. The liquid composition of claim 1, wherein at least 95% by weight of the fluorinated

ionomer consists in particles of size lower than 200 nm.
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22,

23.

24,

25.

26.

27.

28.

The liquid composition of claim 1, wherein at least 99% by weight of the fluorinated

ionomer consists in particles of size lower than 200 nm.

The liquid composition of claim 22, wherein at least 99% by weight of the fluorinated

ionomer consists in particles of size lower than 125 nm.

The liquid composition of claim 22, wherein at least 99% by weight of the fluorinated

ionomer consists in particles of size lower than 40 nm.

The liquid composition of claim 22, wherein at least 99% by weight of the fluorinated

ionomer consists in particles of size lower than 15 nm.

A fluorocarbon liquid composition comprising a fluorocarbon liquid medium containing a
crosslinkable fluorinated ionomer dissolved or dispersed therein, at least 90% by weight

of the crosslinkable fluorinated ionomer consisting in particles of size lower than 200 nm.

The liquid composition of claim 26, wherein the liquid composition additionally

comprises a crosslinking agent and a radical initiator.

A microporous membrane composite comprising:

a microporous membrane support comprising a coating on the surfaces and
pores of said microporous membrane support, said coating comprises

amorphous ionomer with acid hydrophilic groups, the microporous membrane

composite is non-dewetting after autoclave treatment in water, said
microporous membrane composite is wet with methanol and water containing
solutions, and said microporous membrane composite has a flow loss of 82%

or less compared to the microporous membrane support when measured using

500 milliliters of isopropyl alcohol at a pressure of 97,905 Pa;

wherein the microporous membrane is prepared by using the fluorocarbon

liquid composition of Claim 1.
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29. An article comprising:
a methanol and water solution wettable microporous membrane composite that
is non-dewetting following autoclave treatment in water, said microporous
membrane composite comprises a microporous membrane support with a
surface area of 10 m%/g or more that has a coating on surfaces and pores of the
microporous membrane support, said coating comprises an ionomer with
hydrophilic groups where the ionomer is crosslinked, the microporous
membrane composite has a flow loss on average in isopropyl alcohol that is
82% or less compared to a flow loss on average in isopropyl alcohol for the
uncoated microporous membrane support when measured using 500 milliliters
of 1sopropyl alcohol at a pressure of 97,905 Pa, and where the pore size of the

microporous membrane support is 0.45 microns or less;

wherein the article is prepared by using the fluorocarbon liquid composition of

Claim 1.
30. An article comprising:

a microporous membrane composite comprising a microporous membrane
support that has a rated pore size of 0.2 microns or less and an amount of a
coating comprising an amorphous crosslinked fluorinated ionomer on the
surfaces and pores of said microporous membrane support whereby the
micoporous membrane composite is non-dewetting following water autoclave,
and said microporous membrane composite is wettable with a solution

containing methanol in an amount of less than 80wt % methanol in water; said

microporous membrane composite has a flow loss on average in isopropyl
alcohol that is 82% or less compared to a flow loss on average in isopropyl
alcohol for the uncoated microporous membrane support when measured using
500 milliliters of isopropyl alcohol at a pressure of 97,905 Pa, said crosslinked

fluorinated ionomer comprises crosslinker groups that are without hydrophilic

groups;

wherein the article is prepared by using the fluorocarbon liquid composition of

Claim 1.
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31.

32.

33.

34.

35.

36.

The article of claim 30 where the fluorinated ionomer is crosslinked with a crosslinker

comprising bis-olefins.

The article of claim 30 where the ionomers have an equivalent weight of between 380

g/eq and 620 g/eq.

The article of claim 30 where the microporous membrane composite has an ion exchange

capacity of 95 nanomoles/cm® or more.

The article of claim 30 where the microporous membrane support is a multilayer

membrane,

The article of claim 30 where said microporous membrane composite has a mean
densitometer value determined by densitometer readings of a methylene blue dye stained
sample of said microporous membrane composite, said mean densitometer value is within
+9% of a mean densitometer value determined by said densitometer of said methylene
blue dye stained microporous membrane composite after 4 or more hours flow through
contact with isopropyl alcohol containing 5000 ppm fluorosurfactant at a temperature of
between 70 °C and 80 °C at a flow rate of at [east 80 ml/min through a 47 millimeter

diameter sample of said methylene blue dye stained microporous membrane composite.

The article of claim 30 where said microporous membrane composite has a2 mean
densitometer value determined by densitometer readings of a methylene blue dye stained
sample of said microporous membrane composite, said mean densitometer value does not
differ at the 95% confidence limit by a Student-t test from a mean densitometer value

determined by said densitometer of said methylene blue dye stained sample of said

37.

38.

microporous membrane cgmposite after 4 or more hours flow through contact with
isopropyl alcohol containing 5000 ppm fluorosurfactant at a temperature of between
70 °C and 80 °C at a flow rate of at least 80 mi/min through a 47 millimeter diameter

sample of said methylene blue dye stained microporous membrane composite.

The article of claim 30 where the microporous membrane composite has a water

permeability of greater than (1000 liter/atm*hr*m?),
An article comprising:
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a methanol and water solution wettable microporous membrane composite
comprising a microporous membrane support and an amount of a coating
comprising an amorphous crosslinked fluorinated ionomer prepared using the
fluorocarbon liquid composition of Claim 1 on surfaces and pores of said
microporous membrane support, the microporous membrane composite is non-
dewetting following water autoclave and said microporous membrane
composite has a flow loss on average in isopropyl alcohol that is 82% or less
compared to a flow loss on average in isopropyl alcohol for the uncoated
microporous membrane support when measured using 500 milliliters of
isopropyl alcohol at a pressure of 97,905 Pa, and where the pore size of the

microporous membrane support is 0.45 microns or less.

39. The article of claim 38 where the amount of said coating is 25% by weight to 30% by

weight of said microporous membrane composite.

40. The article of claim 38 where microporous membrane support is a multilayer microporous

membrane.

41, The article of claim 38 where fluorinated ionomer units are derived from a fluorinated

monomer unit of formula:
CF2=CF‘O'CF2CF2802F;

42. The article of claim 38 where the microporous membrane composite has a surface area of

10 m?/g or more and an ion exchange capacity of 95 nanomoles/square centimeter or more.

43.-The-article of claim 38 where said-microporous-membrane composite has-amean—— —
densitometer value determined by densitometer readings of a methylene blue dye stained
sample of said microporous membrane composite, said mean densitometer value is within
+9% of a mean densitometer value determined by said densitometer of said methylene
blue dye stained microporous membrane composite after 4 or more hours flow through
contact with isopropyl alcohol containing 5000 ppm fluorosurfactant at a temperature of
between 70 °C and 80 °C at a flow rate of at least 80 ml/min through a 47 millimeter

diameter sample of said methylene blue dye stained microporous membrane composite.
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44,

45.

46.

47.

The article of claim 38 where said microporous membrane composite has a mean
densitometer value determined by densitometer readings of a methylene blue dye stained
sample of said microporous membrane composite, said mean densitometer value does not
differ at the 95% confidence limit by a Student-t test from a mean densitometer value
determined by said densitometer of said methylene blue dye stained sample of said
microporous membrane composite after 4 or more hours flow through contact with
isopropyl alcohol containing 5000 ppm fluorosurfactant at a temperature of between

70 °C and 80 °C at a flow rate of at least 80 ml/min through a 47 millimeter diameter

sample of said methylene blue dye stained microporous membrane composite.

The article of claim 38 where said fluorinated ionomers contains between 0.01% by

weight and 5% by weight of said bis-olefin.

The article of claim 38 where the coating comprises ionomers that have equivalent

weights between 460 g/eq to 600 g/eq.

A porous membrane composite comprising: a microporous membrane support with pores

0.1 micron or smaller and a surface area of 10 meter*/gram,

said microporous membrane composite has an ion exchange capacity of 95
nanomoles/cm? or greater and is non-dewetting and has a flow loss on average
in isopropyl alcohol that is 82% or less compared to a flow loss on average in
1sopropyl alcohol of the uncoated microporous membrane support when
measured using 500 milliliters of isopropyl alcohol at a pressure 0f 97,905 Pa,

a weight percentage of the crosslinked amorphous ionomer on the microporous

. _..support is between 25 wt percent and 30wt percent; and

said microporous membrane composite has a mean densitometer value
determined by densitometer readings of a methylene blue dye stained sample
of said microporous membrane composite, said mean densitometer value is
within £9% of a mean densitometer value determined by said densitometer of
said methylene blue dye stained microporous membrane composite after 4 or
more hours flow through contact with isopropyl alcohol containing 5000 ppm

fluorosurfactant at a temperature of between 70 °C and 80 °C at a flow rate of
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48.

49.

50.

51.

52.

53.

54.

35.

at least 80 ml/min through a 47 millimeter diameter sample of said methylene

blue dye stained microporous membrane composite;

wherein the article is prepared by using the fluorocarbon liquid composition of

Claim 1.
The fluorocarbon liquid composition of claim 1, wherein j is an integer between 4 and 8.

The fluorocarbon liquid composition of claim 1, wherein E is a —(CF;)m- group, with m

being an integer from 3 to 5.

The fluorocarbon liquid composition of claim 1, wherein the bis-olefin of OF-2 type is

F,C=CF-0-(CF;)s-O-CF=CF,.

The fluorocarbon liquid composition of claim 12, wherein a, b and ¢ of structure (1) are

integers up to 10.

The fluorocarbon liquid composition of claim 12, wherein each of a and b are > 0 and b/a

is comprised between 0.1 and 10 in structure (1).

The fluorocarbon liquid composition of claim 12, wherein b and t > 0, ¢’/b is comprised

between 0.2 and 5.0, and (c’+b)/t is comprised between 5 and 50 in structure (2).

The fluorocarbon liquid composition of claim 12, wherein t > 0 and ¢’/t is comprised

between 5 and 50 in structure (3).

The microporous membrane composite of claim 28, wherein the microporous membrane

composite is multilayered.

56.

57.

The article of claim 29, wherein the methanol and water solution wettable microporous

membrane composite is multilayered.

The porous membrane composite of claim 47, wherein the microporous membrane

composite is multilayered.
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