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[57] ABSTRACT

A process is provided for making a liquid composition
of a perfluorinated polymer having sulfonic acid or
sulfonate groups in a liquid medium by contacting the
polymer with a mixture of 25 to 100% by weight of
water and 0 to 75% by weight of a second liquid com­
ponent such as a lower alcohol, e.g., propanol or metha­
nol, at a temperature of at least 1800 C. (at least 2400 C.
when about 90% to 100% water is used), in a closed
system. The liquid composition made by this process, or
modified liquid products prepared therefrom, are used
in coating various substrates, in casting films, and in
repairing perfluorinated ion exchange fIlms and mem­
branes. The process is also useful in recovering perfluo­
rinated polymer having sulfonic acid or sulfonate
groups from scrap and used articles made of such poly­
mer or containing such polymer as a component part
thereof.

20 Claims, No Drawings
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PROCESS FOR MAKING ARTICLES COATED
WITH A LIQUID COMPOSITION OF

PERFLUOIUNATED ION EXCHANGE RESIN

CROSS-REFERENCE TO RELATED
APPLICATION

2
groups, and the liquid composition made by this pro­
cess.

Another object is to provide a liquid composition of
the higher equivalent weight sulfonate polymers useful

5 for coating various substrates, casting fIlm, and repair­
ing defective membranes of similar polymers.

Other objects will become apparent hereinbelow.

SUMMARY OF THE INVENTION

groups wherein Rjis F i CljOt ~ t1 to <?lOperfluoroal~yl
radical, and W is F oj: CI, preferably E OtdiitaJ:ily; the

This application is a division of my prior copending
U.S. application Ser. No. 06/259,506 filed May 1, 1981
U.S. Pat. No. 4,433,082.

BACKGROUND OF THE INVENTION

10 Briefly, according to the invention, there is provided
a process for making a liquid composition of a fluori­
nated ion exchange polymer having sulfonic acid or
sulfonate groups and an equivalent weight ofabout 1025

Fluorinated ion exchange polymers having as the to about 1500 in a liquid medium, which comprises
functional groups sulfonic acid groups or a salt thereof 15 contacting the polymer with water or a mixture of
are now well known in the art. They fmd numerous water and a selected compound such as a lower alcohol,
uses, e.g., as the membrane in electrochemical cells such at between 180· and 300· C., and below the critical
as fuel cells and electrolytic cells such as chloralkali temperature(s) of the component(s) of the liquid me-
cells; as the catalyst for many chemical reactions; and in dium, in a closed vessel. .
other varied permselective processes such as reverse 20 More specifically, in one aspect of the invention,
osmosis and ultrafiltration. there is provided a process for making a liquid composi-

Ordinarily these polymers are fabricated into the tion of a perfluorinated ion exchange polymer having
desired product by melt processing while the polymer is -S03M functional groups wherein M is H, Na, K or
still in the form of a melt-fabricable precursor wherein NR4, and each R is separately H, CH3 or C2Hs, in a
the functional groups are -S02X where X is F or Cl, 25 liquid medium, said liquid composition being liquid at
preferably -S02F, and then the -S02X groups are room temperature, said process comprising contacting a
converted to ion exchange form. There are, however, said polymer having an equivalent weight in the range
many times when it is desirable to use a liquid composi- of 1025 to 1500 with a mixture comprising 20 to 90% by
tion containing a polymer for fabricating a product to weight of water and 10 to 80% by weight of at least one
be prepared. 30 member of the group consisting of methanol, ethanol,

There are known in the art some solutions of some of n-propanol, isopropanol, n-butanol, 2-butanol, 2-
the fluorinated polymers with sulfonyl groups. For methoxyethanol, 2-ethoxyethanol, ethylene glycol di-
example, solutions of such polymers having the func- methyl ether, ethylene glycol diethyl ether, diethylene
tional groups still in the -S02F form in the perhalo- glyol dimethyl ether, diethylene glycol diethyl ether,
genated liquid or in a perhalogenated liquid which con- 35 dioxane and acetonitrile at a temperature in the range of
tains a sulfonyl fluoride or a carboxylic ester group, as about 180· to 300· C. and below the critical tem-
disclosed in U.S. application Ser. No. 176,595 filed Aug. perature(s) of said member(s) employed, for at least 0.5
8, 1980, now U.S. Pat. No. 4,348,310. However, most hour in a closed vessel, and separating from said liquid
such solvents are expensive and uncommon, and many composition any lower density liquid phase present.
are difficult to make. 40 In another aspect of the invention there is provided

Also known in the art are solutions of fluorinated the liquid composition prepared by such process.
polymers having low equivalent weight and the func- In yet other aspects of the invention there are pro-
tional groups in the form of sulfonic acid, sulfonamide vided (a) a process for making a coated article and the
or sulfonate groups, in any organic solvent which will article so made, (b) unsupported membrane, and (c) a
form a solution in water containing at least 5% by 45 process for repairing defective membrane and repaired
weight of the organic solvent, as disclosed in British membrane so made, all with the use of the liquid com-
Patent Specification 1,286,859. However, the solutions position.
prepared therein are all of polymers having an equiva-There is also provided a process for separating fluori­
lent weight below 1000, and the specific disclosure natedpolymers which contain sulfonic acid or sulfonate
therein of polymers having at least 14 mole % of the 50 groups from fluorinated polymers which do not contain
repeating unit containing the functional group corre- such groups, e.g., polymers which contain carboxyate
sponds to an equivalent weight no greater than 1060. groups.
S~ch ~olutions of higher eqUivalent weight polymers of DETAILED DE8CRIPTIONOF THE

tbiit~:~dbto~ead~:iage to have available liquid 55 iNVENTION
compositions of hi$her eqUivalent weightf'luorinafed The sulfonyl polymer with which the present inven-
polymers having sWfo~cacid of sUlfonate groups. It Is liol1 is coiicerned is typically a pol~er havi?g a fluori"
desirable to haVe the fuI1dional groups as inilfonic.aCid fiated hydrocarbon backbone cham to which are at·
of sulfonate ,groups ~o that'~-S02X groups do liet have ." fuched the functional groups or pendant side chaihli
16 be hytb:oly:ted~et. fa~iicaH6il. ortDe ,lif.ticle!o be 60 which in turn carry the functional groups. The pendant
Pfeparett tt is oftetl. ae~ifable to have the higher eqili,va" side chains can contain, for example,
lent weighipblymefs il1~tfttichliS they swell less thah
the lower equiValent weight polymers when in Contact
With aqueous media. . . .

It is therefore a principal object of this invention to 65
provide a process for making a liquid composition
which contains therein a fluorinated polymer of higher
equivalent weight having sulfonic acid or sulfonate
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functional group in the side chains of the polymer will
be present in terminal

5

groups. Examples of fluorinated polymers of this kind
are disclosed in U.S. Pat. No. 3,282,875, U.S. Pat. No.
3,560,568 and U.S. Pat. No. 3,718,627. More specifi- 10
cally, the polymers can be prepared from monomers
which are fluorinated or fluorine substituted vinyl com­
pounds. The polymers are made from at least two mon­
omers, with at least one of the monomers coming from 15
each of the two groups described below.

At least one monomer is a fluorinated vinyl com­
pound such as vinyl fluoride, hexafluoropropylene,
vinylidene fluoride, trifluorothylene, chlorotrifluoro­
ethylene, perfluoro(alkyl vinyl ether), tetrafluoroethyl- 20
ene and mixtures thereof. In the case of copolymers
which will be used in electrolysis ofbrine, the precursor
vinyl monomer desirably will not contain hydrogen.

The second group is the sulfonyl-containing mono-
mers containing the precursor group 25

The sulfonyl-containing monomers are disclosed in
such references as U.S. Pat. No. 3,282,875, U.S. Pat. No.
3,041,317, U.S. Pat. No. 3,718,627 and U.S.Pat. No.
3,560,568.

A preferred class of such polymers is represented by
polymers having the repeating units

CF-CF2

I
o
I
CF
I
CF-Y

I p

o
I
CF2
I
CF-Rf
I
S0 2F

wherein
his 3 to 15,
j is 1 to 10,
pis 0, 1 or 2,
the X's taken together are four fluorines or three

fluorines and one cWorine,
Y is F or CF3, and
Rfis F, CI or a CI to CIO perfluoroalkyl radical.
A most preferred copolymeris a copolymer of tetra­

fluoroethylene and perfluoro(3,6-dioxa-4-methyl-7­
octenesulfonyl fluoride).

Such copolymers used in the present invention can be
prepared by general polymerization techniques devel­
oped for homo- and copolymerizations of fluorinated
ethylenes, particularly those employed for tetrafluoro­
ethylene which are described in the literature. Nona­
queous techniques for preparing the copolymers in­
clude that of U.S. Pat. No. 3,041,317, that is, by the
polymerization ofa mixture of the major monomer
therein, such as tetrafluoroethylene, and a fluorinated
ethylene containing a sulfonyl fluoride group in the

50 presence of a free radical initiator, preferably a per­
fluorocarbon peroxide or azo compound, at a tempera­
tute in the range 0·-200· C. and at pressures in the range
of lOS to 2X 107 pascals (1-200 Atm.) or higher. The
nonaqueous polymerization may, if desired, be carried

55 out in the presence of a fluorinated solvent. Suitable
fluorinated solvents are inert, liquid, perfluorinated
hydrocarbons, such as perfluoromethylcyclohexane,
perfluorodimethylcyclobutane, perfluorooctane, per­
fluorobenzene and the like, and inert, liquid chioro-

60 fluorocarbons such as 1,1,2-trichloro-l,2,2-trifluoroe­
thane, and the like.

Aqueous techniques for preparing the copolymer
include contacting the monomers with an aqueous me­
dium containing a free-radical initiator to obtain a slurry
of polymer particles in non-water-wet or granular form,
as disclosed in U.S. Pat. No. 2,393,967, or contacting
the monomers with an aqueous medium containing both
a free-radical initiator and a telogenically inactive dis-

30

-CF2-fF-S02F,

Rf

65
The most preferred sulfonyl fluoride containing co­

monomer is· perfluoro(3,6-dioxa-4-methyl-7-octenesul­
fonyl fluoride),

wherein IV is as defined above. Additional examples can
be represented by the general formula CF2=CF-T­
/c-CF2S02F wherein T is a bifunctional fluorinated
radical comprising 1 to 8 carbon atoms, and k is °or 1.
Substituent atoms in T include fluorine, cWorine, or 35
hydrogen, although generally hydrogen will be ex­
cluded in use of the copolymer for ion exchange in a
chloralkali cell. The most preferred polymers are free of
both hydrogen and cWorine attached to carbon, i.e., 40
they are perfluorinated, for greatest stability in harsh
environments. The T radical of the formula above can
be either branched or unbranched, i.e., straight-chain,
and can have one or more ether linkages. It is preferred
that the vinyl radical in this group of sulfonyl fluoride 45
containing comonomers be joined to the T group
through an ether linkage, i.e., that the comonomer be of
the formula CF2=CF-O-T-CF2-S02F. Illustra­
tive of such sulfonyl fluoride containing comonomers
are
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persion agent, to obtain an aqueous colloidal dispersion
of polymer particles, and coagulating the dispersion, as
disclosed, for example, in U.S. Pat. No.2,559,752 and
U.S. Pat. No. 2,593,583.

The term "perfluorinated" as used herein refers to the 5
backbone chain of the polymer and the side chains
which carry the -S03M functional groups, but does
not refer to the M group which can be replaced by ion
exchange, and can be, e.g., NH4 or N(CH3)4.

Surprisingly, a way to prepare liquid compositions of 10
perfluorinated polymers having sulfonic acid or sulfo­
nate groups and having equivalent weights in the range
of 1025 to 1500, in an aqueous liquid medium containing
at least 20% by weight of water has now been found.
The process of making the liquid compositions is rela- 15
tively fast, and is capable of providing fairly concen­
trated compositions, containing in excess of 10% by
weight of the polymer.

The process of the invention for making a liquid
composition of such polymer having -SO3M func- 20

tional groups wherein M is H, Na, K or NR.4, and each
R separately is H, CH3 or C2HS, in a liquid medium
comprises contacting said polymer having an equivalent
weight in the range of 1025 to 1500 with a mixture of at
least 20% by weight of water and the balance, ifanother 25
component is present, is at least one second liquid com­
ponent which is a member of the group consisting of
methanol, ethanol, n-propanol, isopropanol, n-butanol,
2-butanol, 2-methoxyethanol, 2-ethoxyethanol, ethyl­
ene glycol dimethyl ether, ethylene glycol diethyl 30
ether, diethylene glycol dimethyl ether, diethylene gly­
col diethyl ether, dioxane and acetonitrile, at a tempera­
ture in the range of about 180· C. to about 300· c.,
preferably above 200· C., for at least about 0.5 hour in
a closed vessel. When the mixture employed in the 35
process comprises 20 to 90% by weight of water and 10
to 80% by weight of second liquid, the temperature
employed will also be below the critical temperature of
each said member (second liquid component) em­
ployed. When the process comprises contacting the 40
polymer with water only, the temperature employed
will be at least 240· C., but below 300· C. When the
mixture employed in the process comprises about 90 to
99% by weight of water and I to 10% by weight of
second liquid, the temperature employed will be in the 45
range of 240· to 300· C. The liquid composition made
by the process is liquid at room temperature. Contact­
ing of the polymer with water and second liquid com­
ponent is ordinarily done with agitation, generally by
rocking or shaking of a closed pressure vessel, because 50
agitation results in faster formation of the liquid compo­
sition.

In the process, especially when the polymer is in the
-S03H form, any second liquid employed may un­
dergo side-reactions such as isomerization, olefin forma- 55
tion and ether formation. Some of the alcohols may give
ethers which are liquids which are not totally miscible
with water. In such case, the process may yield not only
the liquid composition of polymer in a liquid medium,
but also a second, lower density, liquid phase consisting 60
predominantly of ethers and alcohols. Any such lower
density liquid phase present can be separated from the
desired liquid composition and discarded or recycled to
the process.

Although ethylene glycol will form a liquid composi- 65
tion with the polymer therein upon heating at 230· C.
for 3 hours, it suffers the disadvantages of a high boiling
point and slow rate of evaporation, and, with polymer

6
in the sulfonic acid form, of forming acetaldehyde and
condensation polymer derived therefrom.

At the higher temperatures employed in the process,
when the polymer employed is a quarternary ammo­
nium salt -S03NR.4, such salt may break down, such
that the polymer in the resulting liquid composition
may be in the form of a tertiary ammonium salt
-S03NHR3.

The polymer employed in the process can be in any
variety of forms, e.g., fluff, cubes, tubing, coating on a
substrate, or be part or all of a fllm or membrane.

For polymer in the upper part of the indicated equiv­
alent weight range, Le., about 1250 to 1500, some frac­
tionation of the polymer may occur in the process, that
is, not all of the polymer may dissolve. When all of the
polymer does not dissolve, the undissolved part of the
polymer is ordinarily removed from the desired liquid
composition, e.g., by flltering or centrifuging.

The process is especially useful for polymers having
an equivalent weight in the range of 1050 to 1250, and
even more especially for those in the range of 1100 to
1250, inasmuch as little or no solid polymer remains to
be removed. It was not previously possible to prepare a
liquid composition of polymer having such equivalent
weight using a mixture containing 20% by weight or
more of water. For polymer in this range, a contacting
temperature in the range of 210· to 250· C. is preferred,
and the range of21O· to 230· is especially good, as there
is less side-reaction such as ether formation than at
higher temperatures.

A particularly good mixture to use in the process is 30
to 50% by weight of water and 50 to 70% by weight of
n-propanol or isopropanol. When such a mixture is used
with a polymer in the -S03H form, some of the propa­
nol isomerizes, and the various propyl ethers form in
side-reactions. In such a case, the lower density liquid
phase which contains the propanols and propyl ethers
can be separated from the desired liquid composition
and recycled to the process.

Another particularly good mixture to use in the pro­
cess is 30 to 70% by weight of water, 15 to 35% by
weight of n-propanol, and 15 to 35% by weight of
methanol.

Ordinarily, for each part by weight of polymer em­
ployed in the process, from as little as about 4 or 5 parts
by weight up to about 50 or even 100 parts by weight,
preferably about 10 parts by weight, of water, or water
in combination with at least one second liquid compo­
nent, is employed.

In the instant process for making a liquid composi­
tion, there is an interaction between the equivalent
weight of the polymer employed, the temperature of
the process, and the amount and nature of the liquid
mixture employed. For higher equivalent weight poly­
mers, the temperature employed is ordinarily higher,
the amount of liquid mixture employed is usually
greater, and the amount of second liquid component in
the liquid mixture is usually higher.

The instant process is also applicable to polymers
largely as described above but which contain, in addi­
tion to -S03M functional groups, other functional
groups in amount which do not interfere with formation
of the desired liquid composition. Such other functional
groups could be, for example, -S02F groups which
may have remained unhydrolyzed during conversion of
precursor polymer having -S02F groups to polymer
having~S03M groups. Such other functional group
could also be, as another example, -COOQ functional
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groups where Q is H, lower alkyl of 1 to 4 carbon a substance such as triethyl phosphate or dimethylsulf-
atoms, Na, K or NR4 where each R separately is H, oxide in an amount to constitute 10 to 200% by weight
CH3 or CzHs, in the case of terpolymers synthesized as based on the polymer. Alternatively, a substance such
described above but further including a fluorinated as 2-ethyoxyethanol can be added in an amount to con-
vinyl monomer having carboxylic functionality. How- 5 stitute 4 to 60% by volume of the resulting liquid prod-
ever, when Q is Na, K or NR4, while some decarboxyla- uct.
tion may occur, the polymer will nevertheless go into Another way of modifying the liquid compositions is
the liquid composition. first to remove therefrom a portion of the water and at

The liquid composition formed in the process of the least a portion of the second liquid component em-
invention consists essentially of about 2 to 18% by 10 ployed by vaporization, most often by boiling or distill-
weight of polymer and 82 to 98% by weight of a liquid ing, and then adding n-propanol to form a liquid prod-
medium. When a second liquid component is used in the uct in a modified liquid medium, 25 to 40% by weight of
process, the liquid medium contains water and the sec- said modified liquid medium being water. This liquid
ond liquid component or components employed, and product can be even further modified by then adding to
may also contain small amounts of by-products derived 15 it a substance such as triethyl phosphate, dimethylsulf-
from the second liquid component(s), e.g., when an oxide or 2-ethoxyethanol, in amounts as specified in the
alcohol is used, isomers and ethers derived from the previous paragraph.
alcohol may be formed. When the process comprises Addition of a modifier such as those set forth in the
contacting the polymer with water only, the liquid two previous paragraphs apparently prevents prema-
composition obtained can contain up to about 10% by 20. ture gel formation during drying when a film is cast
weight of the polymer in water; polymer having an from one of the liquid products prepared by modifying
equivalent weight toward the lower end of the range the liquid composition, and serves to improve the physi-
will form compositions containing up to about 10% by cal properties of the mm so made. Residual triethyl
weight of the polymer, and polymer having an equiva- phosphate or other modifier or hydrolysis products
lent weight in the upper part of the equivalent weight 25 thereof remaining in such cast mm is easily leached
range will form only less concentrated compositions from the film by washing with water.
when the compositions are at room temperature. It is, of One use of the liquid compositions so made, and of
course, possible to prepare more dilute liquid composi- the liquid products prepared therefrom by modification
tions than those indicated by the process of the inven- as described above, is for making coated articles by
tion, but it is usually uneconomic to do so in view of the 30 applying the liquid composition or liquid product to a
large amounts of liquid medium which would be han- substrate, followed by drying. the substrate can be any
dIed relative to the amount of polymer. A particular of a wide variety, including a fabric, especially a fabric
benefit of the invention is that it has not heretofore been made at least in part of perhalocarbon fibers or glass
possible to prepare liquid compositions in water con- fibers; an ion exchange membrane; or a porous dia-
taining 2% or more of such polymer. 35 phragm, in this latter case for the purpose of converting

The exact nature of the liquid compositions formed the porous diaphragm to a nonporous membrane-like
by the instant process is not understood. They have article. The coated articles so made can be used in vari-
some characteristics of a true solution, and simulta- ous liquid permeation processes, such as reverse osmo-
neously some characteristics of a dispersion or aquasol. sis, ultramtration, and electrolysis, especially electroly-
They are clear and viscous, which are characteristics of 40 sis of aqueous sodium chloride solution. One advantage
a solution. Although by electron microscopy no parti- of the invention is that it provides a way of making an
cles were detected, X-ray diffraction indicates the pres- article having a substrate of fabric of glass fibers coated
ence of particles with diameters on the order of 0.005 with a high equivalent weight polymer of the type dealt
micron (50 Angstrom units), and light scattering indi- with herein; such a product cannot be made with solu-
cates the presence of even larger particles having mo- 45 tions ofhigh equivalent weight polymer having -S02F
lecular weights on the order of 40,000,000, which latter groups, as the caustic employed to hydrolyze the
characteristics are not those of a solution. Upon centrif- -S02F groups destroys the glass fibers.
ugation, no solid separates out. The liquid compositions The liquid compositions and liquid products can also
are not pH sensitive, i.e., the polymer does not agglom- be used to coat a catalyst support, such as wire mesh,
erate if the pH is raised or lowered. They are also unaf- 50 and ceramic of any shape desired. Such catalyst is useful
fected by boiling. Upon dilution of a more concentrated in catalyzing alkylations, ether formation and a host of
composition, there is a delayed affect on viscosity; a other chemical reactions.
more fluid (or less viscous) composition first forms, but Liquid products modified by addition of a substance
upon continued mixing it then increases in viscosity (but which suppresses mud-cracking as described above are
remains less viscous than before dilution). 55 useful for casting unsupported membrane. Such unsup-

Although the liquid compositions as first prepared ported membrane is useful for the same liquid perme-
have numerous uses which will be described in detail ation processes set forth above, and is suitably in the
below, it is believed that they contain micelles, because form of flat sheet or tubing.
attempts to prepare films therefrom have yielded only Another use of the liquid compositions, and of the
poor films, in some cases with a mud-cracked pattern. 60 liquid products made therefrom by modification, is in
However, the liquid compositions can be modified to repairing a perfluorinated ion exchange membrane
other liquid products from which good, clear mms can which leaks at a defective portion thereof by applying
be made. to the defective portion either the liquid composition or

One way of modifying the liquid composition is to the liquid product, followed by drying. Such a tech-
add another substance to it, which substance will assist 65 nique is ordinarily suitable for defects such as pinholes,
in formation of non-mud-cracked films. For example, to abraded areas and other minor defects. For larger de-
a liquid composition obtained from the instant process, fects such as cuts, rips, holes, etc., repair may best be
following cooling to below about 100° C., can be added made with use of a patch. In such a case, the repair
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process comprises the steps of (a) providing a patch of temperature of each component member of said liquid
membrane material of perfluorinated ion exchange pol- for at least 0.5 hour in a closed vessel, and separating a
ymer similar to that surface of the membrane to which liquid composition containing said. first polymer from
the patch is to be applied, and of a size to cover the any undissolved solid. By virtue of such a separation, it
defective area to be repaired (b) applying to at least one 5 is possible to recover the polymer which contains sul-
of (i) the defective area of the membrane or (il) the fonic acid or sulfonate groups for reuse.
patch, either the above-mentioned liquid composition It is preferred to carry out this separation when Q is
or liquid product, (c) covering the defective area with H or lower alkyl, and most preferred when Q is lower
the patch, (d) pressing the patch against the membrane alkyl, so as to preclude decarboxylation of the carbox-
at a temperature below the melting point of each perflu- 10 ylic polymer at the temperature employed for the sepa-
orinated ion exchange polymer present in the mem- ration and loss of a valuable carboxylic polymer. It
brane and the patch, and (e) heating the patch and mem- should be understood, however, that even if the process
brane to evaporate at least part of the liquid medium of is carried out with carboxylic polymer where Q is Na,
the liquid composition or liquid product. In this case, K or NR4 and at a temperature at which decarboxyla-
the liquid composition or liquid product functions as an 15 tion occurs either partially or completely, separation
adhesive. with nevertheless be accomplished; the sulfonic poly-

Still another use of the liquid compositions and of the mer will still be recovered, but with loss of the carbox-
liquid products made therefrom by modification, is as a ylic polymer. If one has a material which contains sec-
binder. For example, a slurry of asbestos fibers therein ond polymer where Q is Na, K or NR4 in association
can be made and cast into a sheet. The resulting sheet 20 with fust polymer, and desires to recover both the fust
has a greatly improved wet strength over a sheet pre- and second polymers without decarboxylation, it is a
pared from an asbestos slurry in water. Such a sheet is simple matter to convert the second polymer to the
useful as a separator between the anode and cathode carboxylic ester form by subjecting the mixed material
compartments of a chloralkali cell. to an esterification, e.g., with an alcohol and an acid. It

In reference to both the liqUid compositions and the 25 is noted, however, that in such a process during the
liquid products made therefrom by modification, those heating step, carboxylic ester groups may be hydro-
wherein the polymer is in sulfonic acid form have an lyzed. and when an alcohol is also used, carboxylic acid
advantage over those wherein the polymer is in sulfo- groups may be esterified and carboxylic ester groups
nate salt form, in that ftlms of good properties are more may be transesterifled.
readily prepared from those in sulfonic. acid form. On 30 This separation process is suitable for separating flfSt
the other hand, those wherein the polymer is in sulfo- polymer having sulfonic functionality from second pol-
nate salt form have an advantage over those wherein ymer having carboxylic functionality in the case of
the polymer is in sulfonic acid form, in that ether forma- ftlms which contain at least one layer of each type of
tion from any second liquid component is essentially nil polymer, and in the case ofmembranes which contain at
when the polymer is in sulfonate salt form. Accord- 35 least one layer of each type of polymer and a reinforc-
ingly, another aspect of the invention is that wherein a ing member. Such ftlm and membrane could suitably be
polymer having -SO3M' functional groups wherein M' scrap from a manufacturing process, ftlm or membrane
is Na, K or NR4 where each R separately is H, CH3 or damaged before use, or ftlm or memberane which has
CzHs, is fust incorporated into a liquid composition as been employed as an ion exchange barrier in an electro-
described herein, and then this fust liquid composition 40 chemical process such as electrolysis ofbrine. The sepa-
is brought into contact with a cation exchange resin in ration process is also suitable for use with a mixture of
acid form to convert the first liquid composition into a the fust and second polymers.
second liquid composition wherein the functional In this separation process, it is suitable to separate the
groups of the polymer are -S03H groups. The step of liquid composition containing sulfonic polymer (rust
contacting with a cation exchange resin is conveniently 45 polymer) from solids by mtration at ordinary tempera-
done by passing the first liquid composition through a tures at atmospheric pressure, or at the elevated temper-
column packed with the resin. This aspect of the inven- ature of the process while still under pressure. Centrifu-
tion has the advantages that ether formation from any gation is also suitable. If the separation process is car-
second liquid component used in the fust contacting ried out with water only as the liquid, use of flammable
step is suppressed, and the second liquid composition 50 second liquid and the expense of the second liquid can
formed by ion exchange is the better for casting ftlms be avoided; in this case, .as some flfSt polymer with
and making coatings. sulfonic functionality may deposit out as solid from the

Another aspect of the invention is the separation of a liquid composition upon cooling, filtration at elevated
perfluorinated ion exchange polymer having -803M temperature under pressure can be advantageous.
functional groups wherein M is H, Na, K, or NR4, and 55 It should be apparent that when other insoluble poly-
each R is separatelyH, CH3 or CzHs, and having an mer such as a polytetrafluoroethylene fabric reinforcing
equivalent weight in the range of 1025 to 1250 (first member is present along with the sulfonic and carbox-
polymer), from a perfluorinated ion exchange polymer ylic polymers, it will remain with the carboxylic poly-
having -COOQ functional groups wherein Q is H or mer as part of the solid, thus permitting separation of
lower alkyl, suitably alkyl of 1 to 4 carbon atoms, Na, 60 polymer with sulfonic functionality from it as well.
K, or NR4 where each R separately is H, CH3 or CzHs, Equivalent weights specified hereinabove and in the
and having an equivalent weight in the range of 600 to Examples are those determined by titration of the poly-
2000 (second polymer), which comprises contacting mer in the free acid form with standard aqueous sodium
material which contains both the fust and second poly- hydroxide solution. This determination is accurate only
mers with a liquid consisting essentially of 20 to 100% 65 to about ±25 equivalent weight units.
by weight of water and 0 to 80% by weight of at least To further illustrate the innovative aspects of the
one second liquid component set forth hereinabove, at a present invention, the following examples are provided.
temperature of at least 200° C. and below the critical In the examples, abbreviations are used as follows:
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EXAMPLE 4

EXAMPLE 6

A defective cation exchange membrane having a
layer of TFE/PSEPVE hydrolyzed to -S03Na form
as one component layer thereof, and having a piilhole
therein, was repaired by applying to the pinhole a drop
of the modified liquid product of Example 4, and gradu­
ally heating it from 50· C. to 75· C.

EXAMPLE 7

To a portion of the liquid product of Example 3 was
added an amount of2-ethyoxyethanol to constitute 50%
by volume of the resulting modified liquid product.

Some porous alumina catalyst support pellets (Nor­
ton SA 5205) were placed in a flask, the flask was evac­
uated to a pressure of about 2000 pascals (15 mm of
mercury), and a sufficient amount of the above modified

10 liquid product was introduced into the flask to cover
the pellets. The vacuum was released, so that the liquid
product was drawn into the pores of the pellets. Evacu­
ation to 2000 pascals and release of the vacuum to atmo-
spheric pressure was carried out three more times. The
excess liquid product was removed, and the coated
pellets were dried at 50· C. Oile of the dry, coated
pellets was broken· into pieces, and examination of the
interior portion of the pellet with a microscope indi­
cated uniform coating of the interior surfaces of the
pellet.
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EXAMPLE 2

EXAMPLE 1

11.1
PTFE refers to polytetrafluoroethylene;
TFE/EVE refers to a copolymer of tetrafluoroethyl­

ene and methyl perfluoro(4,7-dioxa-5-meihylc8­
nonenoate);

TFE/PSEPVE refers to a copolymer of tetrafluoro- 5
ethylene and perfluoro(3,6-dioxa-4-methyl-7­
octenesulfonyl fluoride);

EW refers to equivalent weight.

Into a shaker tube were placed 300 ml of n-propanol,
50 ml of methanol, 350 ml of water, and 50 g of scrap

EXAMPLE 3 membrane which had one layer of TFE/PSEPVE in
Into a shaker tube were placed 500 ml ofn-propanol, -S03H form and having an EW of 11~, one layer of

400 ml of methanol, 1000 ml of water, and 200 g of 50 TFE/EVE i~ -C<?OCH3.form and havmg an EW of
TFE/PSEPVE having an EW of 1100, the functional 1050,.and a.remforcmg fabn~ ofPTF~ fibers em?edded
groups having been hydrolyzed to -S03H form, and therem, SaId .membrane bemg cut m apprOlumately
the polymer being in the form of powder. The shaker 1.3 X 1;3cm pIeces. The sh~ker ~ube was closed, heated
t b I d h t d t 220• C" 3 h h'l at 210 C. for 18 hours while bemg shaken, and cooled.u e was c ose, eaea. lor ours w 1 e h h
b . hak did Th bt' d 1441 ml 55 Three phases were recovered from t e s akertube, two

emg .s en, ~ coo e. ere w~ 0 . ame . liquid and one solid. The solid phase was recovered by
~f a higher.densIt~, lower ph~se whIch IS t~e composI- draining the total product through a fritted glass funnel,
tion of the m~entI?n, and whIch.had a denSIty of 1.018 and was the undissolved TFE/EVE copolymer and
glml and a.vIscosity of 111 cen~Istokes, ~d 62 ml of a reinforcement fabric. The heavier, lower liquid phase
lo~er dens~ty, upper phas~ whIch was ~hs~arded. N? 60 (368 ml) was a liquid composition of the invention hav-
reSIdual solId polymer remaIned. To the lIqUId composI- ing a density of 0.94 g/mland containing approximately
tion, triethyl phosphate was added to constitute 110% 6 g of the TFE/PSEPVE copolymer per 100 ml of the
by weight of the polymer in the resulting liquid prod- liquid composition. The lighter, upper liquid phase (172
uct. Film obtained by casting a portion of this liquid ml) was discarded. The solid phase on the filter was
product and heating gradually from 90· C. to 120· C. 65 washed with hot methanol, and 29 g ofa conglomerate
had a yield strength of 8.32 X 106 pascals (1207 psi), a of agglomerated TFE/EVE polymer layer and PTFE
tensile strength of 1.77 X 107 pascals (2567 psi), and fibers was obtained. Some of the agglomerated TFE-
292% ultimate elongation. /EVE polymer was manually separated from the PTFE

EXAMPLE 5

Pieces of several sheet structure were impregnated
with the modified liqu.id product of Example 4, and
gradually heated from 50· C. to 75·C. The sheet struc­
tures used were (I) a fabric of polytetrafluoroethylene
fibers, (2) a fabric of a 50:50 blend of poly-para-pheny­
lene terephalamide staple fibers and· poly-meta-pheny-

Into a shaker tube were placed 200 ml of n-propanol, Iene isophthalamide staple fibers, (3) a fabric of glass
500 ml of water, and 30 g of TFE/PSEPVE having an 30 fibers, (4) a sheet of asbestos fibers, and (5) a micropo-
EW of 1100, the functional groups having been hydro- rous polytetrafluoroethylene sheet having a microstruc-
lyzed to -S03H form, and the polymer being in the ture of nodes interconnected by fibrils (as described in

U.S. Pat. No. 3,962,153 and commercially available
form of powder. The shaker tube was closed, heated at under the trademark Gore-Tex from W. L. Gore &
220· C. for 3 hours while being shaken, and cooled. 35 Associates, Inc.).
There was obtained 430 ml of a higher density, lower
phase which is the liquid composition of the invention
and which contained a small amount of undissolved gel,
and 37 ml of a lower density, upper phase which was
predominantly dipropyl ethers and which was dis- 40
carded.· About 10 ml of the liquid medium was distilled
from 100 ml of the liquid composition, and analysis of
the distillate by gas chromatography and infrared exam­
ination indicated the presence therein of about 40% by
weight of n-propanol, 25% by weight of isopropanol, 45
and 35% by weight of water.

Into a shaker tube were placed 300 ml of n-propanol,
200 ml of water, and 40 g of TFE/PSEPVE having an
EW of 1100, the functional groups having been hydro­
lyzed to -S03Na form, and the polymer itself being in 15
the form of powder. The shaker tube was closed, heated
at 240· C. for 18 hours while being shaken, and cooled.
There was obtained 481 ml ofa clear liquid composition
having a density of 0.93 g/ml and a viscosity of 12.5
centistokes. No residual solid polymer remained. The 20
presence of colloidal particles having a size of about
5X 10-3microns (50 Angstrom units) was indicated by
X-ray diffraction.

Films of moderate strength were obtained by casting
portions of the liquid composition and heating at tem- 25
peratures of 60· to 90· C.



·E = ethanol, W = water, IP = isopropanol

COMPARATIVE EXAMPLES A-E

In each of these examples, 10 g of TFE/PSEPVE
which had been hydrolyzed to either -S03K form
(Examples A, B, C) or -S03H form (Examples D, E),
having an EW as specified in Table I, in the form offilm
100 microns thick, was placed in 100 g of liquid medium
as specified in Table I, and heated under reflux for 4
hours. After cooling, the amount of polymer in the
liquid phase was determined by evaporating a 50 ml
sample to dryness and weighing the residue. The results
are shown in Table I. In most cases the amount dis­
solved was negligible, and at most was 0.54% by
weight.

EXAMPLE 10

Into a shaker tube were placed 500 ml of n-propanol,
1000 ml of water, 400 ml of methanol, and 200 g of
TFE/PSEPVE having an EW of 1100, the functional
groups having been hydrolyzed to -S03H groups. The
shaker tube was closed, heated at 2200 C. for 3 hours
while being shaken, and cooled. The lower density
upper phase (155 ml) was separated and discarded. The

14-
due, which indicates a concentration of 8.34 g of poly­
mer/100 ml of liquid composition.

Into a flask was placed 250 ml of the above first liquid
composition containing copolymer in -S03K form. A

5 tube ofTFE/PSEPVE copolymer, 3 m (10 ft) in length,
0.76 mm (30 mils) in diameter, wall thickness of 0.13
mm (5 mils), 1100 EW, in the -S03H form, was coiled
and inserted into the flask, with both ends protruding
from the neck ofthe flask. A solution consisting of20 ml
of concentrated hydrochloric acid, 50 ml of water, and
130 ml of 2-ethoxyethanol was prepared, and was al-
lowed to flow slowly through the inside of the tube by
gravity while stirring the liquid composition. Samples
(20 ml each) of the effluent from the tube were collected
at intervals, boiled to dryness, and the KCI obtained
weighed; from the first, second, and last such samples
there was obtained, respectively, 0.133 g, 0.043 g and
0.029 g of KCI. In this way the first liquid composition
charged to the flask was converted· to a second liquid
composition wherein the functional groups of the poly­
mer were substantially changed to -S03H by ion ex-
change.

A portion of the second liquid composition was cast
and heated to 1000 C. to prepare a strong fIlm.

COMPARATIVE EXAMPLE F

To 100 g of water was added 10 g ofTFE/PSEPVE
which had been hydrolyzed to -S03Na form, having
an EW of 1050, in the form of film 100 microns thick,

55 and the mixture was stirred and heated at 68 0 C. for 3
hours. After cooling, the amount of polymer in the
liquid phase was determined by evaporating a 50-ml
portion to dryness and weighing the residue. The liquid
phase contained only 0.022% by weight of polymer.
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EXAMPLE 9

EXAMPLE 8

Into a shaker tube were placed 325 ml of 2-ethoxye­
thanol, 175 ml of water, and 40 g of TFE/PSEPVE
having an EW of 1120, the functional groups having 60
been hydrolyzed to -S03K form, the polymer being in
the form of cubes. The shaker tube was closed, heated
to 2300 C. for 3 hours while being shaken, and cooled.
There was obtained a first clear liquid composition;
none of the solid olymer cubes remained, but a small 65
amount of filmy pieces were removed by filtering.
Evaporation of a 20 ml portion of the filtered liquid
composition to dryness yielded 1.668 g of polymer resi-

A bag was made from pieces of tightly woven PTFE
fabric, using strips of a tetrafluoroethyllhexafluoropro­
pylene copolymer to heat seal the seams of the bag.
Before the fmal seal on the bag was made, 50.66 g of a
TFE/PSEPVE copolymer hydrolyzed to -S03H 10
form, having an EW of 1100, and in the form of 10 to 35
mesh powder, was placed inside the bag. The sealed bag
containing the sulfonic acid copolymer was placed in a
vacuum oven first at 600 C. for 5 hours, then at room
temperature for 2 days, and underwent loss of 2.50 g of 15
moisture, indicating that the weight of dry sulfonic acid
copolymer was 48.16 g.

The sealed bag of polymer was placed in a shaker
tube, along with 200 ml of water. The pressure vessel
was sealed and heated to 2400 to 255 0 C. for 100 hours 20
with agitation; the pressure at 2400 C. was 2.5 X 106

pascals (370 psi) and at 255 0 C. was 3.25X 106 pascals
(470 psi). The vessel was then cooled to room tempera­
ture, at which point the pressure in the vessel was
1.7X 105 pascals (25 psi). Upon discharging the contents 25
of the vessel, there was found (I) a viscous liquid com­
position of the invention containing gelled pieces of
sulfonic acid copolymer, and (2) the PTFE bag (which
was undamaged) with some polymer still inside it and a
polymer film on the outside of the bag. The PTFE bag 30
and contents was washed with hot water, dried at 500 C.
and weighed; only 15.8 g of sulfonic acid copolymer
remained in the bag.

The viscous liquid composition was separated from
the gelled polymer with the aid of a fritted glass funnel. 35
The weight of the gelled pieces, the content of the bag
and the film on the outside of the bag, after drying,
indicated that 14.4 g of the sulfonic acid copolymer
remained at room temperature in the viscous liquid TABLE I
composition obtained, i.e., approximate 7.2 g/l00 ml of 40 --------......:;......:;.;..;....;..;...---------

the liquid composition. Films cast from the liquid com- TFEIPSEPVE ~~~~~':d
position in water were brittle. However, upon addition Form EW ("'0 by wt.)Ex. Liquid Medium" n
of some n-propanol to a portion of the liquid composi-
tion in water, strong fIlms were cast. A K 1050 95 g E/5 g W g:~r~

The film of sulfonic acid which formed on the outside 45 ~ ~ :g~g::;:: : iF 0.01%
of the bag, after drying, had good mechanical proper- D H 1050 80 g IP/20 g w 0.54%
ties. E H 1300 100 g E 0.04%

The presence of both the sulfonic acid copolymer
film on the outside of the bag, and the gelled pieces of
sulfonic acid copolymer in the liquid outside the bag, 50
shows that at the elevated temperatures during the heat­
ing step, the concentration of copolymer in the liquid
composition was even greater than 7.2 g of copoly­
mer/100 ml ofliquid composition, and that some of the
copolymer reformed to solid upon cooling.

13
fibers, and was pressed into a clear, tough film; by infra­
red analysis, no sulfonate component could be detected
in this film.



EXAMPLE 12

EXAMPLES 13-34 AND COMPARATIVE
EXAMPLES G, HAND J

Into a shaker tube were placed quantities of water
and/or other liquid components, and TFE/PSEPVE in
amount and having EW and form, all as specified in
Table II. The tube was closed, heated for a time and at
a temperature as specified in Table II. The results, as to
whether or not all polymer dissolved, the amount and
concentration of the liquid composition obtained, and in
some cases the viscosity, are also given in Table II.

16
dried, and found to weigh 4.6 g, and additionally 10 ml
of lower density upper liquid phase which was dis­
carded. Thus, recycling was successful, in that it pro­
vided 368 ml of a liquid composition which contained
approximately 35 g of the polymer.
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EXAMPLE 11

Into a shaker tube were placed 300 ml of n-propanol,
50 ml of methanol, 300 ml of water, and 30 g of TFE/P­
SEPVE having an EW of 1200, the functional groups
having been hydrolyzed to -S03H form, the polymer
being in the form of 35-60 mesh powder. The tube was
closed, heated to 2300 C. for 4 hours while being
shaken, and cooled. There was obtained 190 ml oflower
density upper phase which was discarded, and 380 ml of
higher density lower phase (density 1.00 g/ml). No
residual solid polymer remained.

An 80-ml portion of the higher density phase was
boiled to distill some of the water from it, while simulta­
neously gradually adding 50 ml of n-propanol, until a
final volume of 35 ml was reached. Then 15 ml of 2­
ethoxyethanol was added to prepare a modified liquid
product.

25 A piece of film of TFE/PSEPVE having an EW of
Into a shaker tube were placed 180 ml ofn-propanol, 1100, a thickness of 125 microns (5 mils), into which was

150 ml of methan~l, 350 ml of water, ~d 40 g of embedded a reinforcement fabric (the fabric having 16
· TFE/PSEPVE havmg an EW of 1!OO, which had been 4OO-denier PTFE threads/cm in both warp and weft in

hydrolyzed to -S03H form, and m th: form of pow- a plain weave), and having the functional groups hydro-
, der: The. tube was closed, heated to 230 C. for.3 hours 30 Jyzed to -S03Na form, was first soaked in n-propanol,

whlle be~g shaken, !1nd cooled. Th~re.was obtall~~d 420 :then coated on one side (opposite side from that in
ml ,?f a hl¥her den~lty phase, the hqUld compositIOn of 'which the fabric was embedded) with the above modi-
the mventlOn (density 0.995 g/ml), and 43 ml of a lower fied liquid product and dried to prepare a coated mem-
density phase (upper phase K). brane."

The same procedure was carried out with 200 ml of 35 .
· n-propanol, 150 ml of methanol, 350 ml of water, and 60 A piece of the coated membrane was mo.unted ~e-
: g of the same polymer, and heating was at 2200 C. for 3 tween the c~mpartmentsof a small chloralkah cell with

hours, to give 548 ml of higher density phase (density the coated Side towa~d the cat~lOde co,?partment, and
1.00 glml viscosity 51 centi oises) and 82 ml oflower saturated aqueous SOdI?m chlonde solutIOn was ele~tro-
density phase (upper phase f). ' 40 lyze~ at a current denSIty of2.0 ASI (amps/square mch)

The same procedure was carried out with 200 ml of at 80 C. T~e cell wa.s operated for 18 days to produce
n-propanol, 150 ml of methanol, 350 ml of water, and 40 20% by wel/?ht caustic at a voltage of 3.5-3.7 volts at a
g of the same polymer, and heating was at 2300 C. for 3 current effiCIency of 68%.
hours, to give 543 ml of higher density phase (density
0.989 g/ml), and 48 ml of lower density phase (upper 45
phase M).

A procedure to recycle the by-product upper phases
· was carried out as follows.

Into a shaker tube were placed 450 ml of water, upper
phases K, Land M, and 40 g of TFE/PSEPVE having 50
an EW of 1200, which had been hydrolyzed to -S03H
form. The tube was closed, heated to 2200 C. for 3
hours, and cooled. There was obtained 368 ml of a

· higher density lower phase (density 1.003 glml) which
i contained an undissolved sludge which was separated,

15
higher density lower phase (1590 ml, density 1.01 g/ml)
was heated to boiling to reduce the water content by
distillation, during which procedure, 850 ml of n­
propanol and 450 ml of n-butanol were added in por­
tions, so as to maintain the volume of the liquid compo- 5
sition between 1200 and 1500 ml at all times. The final
modified liquid composition obtained (1400 ml) had a
density of 0.98 g/ml and a viscosity of 25 centistokes.

Silicon carbide catalyst support pellets (spheres, 8
mm diameter, Norton SC 5232) were placed in a portion 10
of the above modified liquid composition for several
minutes to soak up the liquid composition, and the pel­
lets were then drained and dried by gradually heating
from 1200 C. to 1500 C. for 5 hours. By determining the

· increase in weight it was found that the pellets con- 15
tained 3.36% by weight of the hydrolyzed TFE/P­
SEPVE copolymer (H form).

In a flask were placed 24.75 g of the coated catalyst
pellets, 18.25 g of dimethyl adipate, and 181 mlofwater,
and the mixture was stirred and heated at 1000 C. for 1 20
hour and cooled. The amount of carboxylic acid groups
formed by catalytic hydrolysis was determined by titra­
tion with O.IN aqueous NaOH solution to be 25.6 meq.

TABLE II
LIQUID COMPONENTS RESULTS

total water other all
TFEIPSEPVE vol. vol. component(s)$ CONDITIONS polymer g per viscosity

Ex. g EW form m1 % vol. % and kind 0c. hours dissolved 100 m1 m1 centistokes
13 51 1100 H 200 100 250 100 no 7
14 25 1100 H 600 100 235 18 no 2
15 40 1100 Na 500 40 60 NP 240 18 yes 8 481 12.5
16 30 1200 H 650 46 46NP+8N 230 4 yes 8 380
17 30 1500 H 650 46 46NP+8N 230 18 no 4 380
18 25 1350 H 650 47 38 NP + 15 N 235 18 no 4.5 360
19 60 1100 H 600 42 33 NP + 25 N 220 3 yes 11 548 51
20 40 1100 H 600 83 17 NB 220 3 no 6 480
21 40 1100 H 450 56 44E 180 3 no 7 300
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TABLE II-continued

LIQUID COMPONENTS RESULTS

total water other all
TFEIPSEPVE vol. vol. component(s)* CONDITIONS polymer g per viscosity

Ex. g EW form mI % vol. % and kind ·C. hours dissolved looml ml centistokes

22 200 1100 H 1900 53 26 NP + 21 N 220 3 yes 13 1575 150
23 30 1100 H 700 71 29 NP 220 3 no 6 430
24 40 1100 K 500 40 60 NP 240 18 yes 8 505 19
25 40 1100 K 500 40 60 OG 240 18 yes 8 10
26 70 1100 K 500 40 60G 235 18 no 12
27 50 1120 K 500 44 56 EC 240 18 yes 10 12
28 40 1100 H 450 56 44E 180 3 no 7
29 40 1120 K 500 40 60A 230 3 no 6
30 40 1120 K 500 40 600 230 3 no 2
31 40 1120 K 500 20 80 EC 230 3 no 1.5
32 40 1120 K 500 35 65 EC 230 3 yes 8
33 50 1120 K 500 44 56 EC 240 18 yes 10
34 40 1120 K 500 20 80 MC 230 3 no 6
G 20 1200 H 425 6 94 E 170 18 no 1.2
H 40 1120 K 500 100 EC 230 3 no 0.2
J 40 1120 K 550 10 90 EC 230 3 no 0.4

0NP = n·propanol, N = methanol, NB = n·butanol, E = ethanol, DO = diglyme (dietbylene glycol dimethyl ether), 0 = g1yme (ethylene glycol
dimethyl ether), EC = ethyl cellosolve (ethylene glycol monoethyl ether), A = acetonitrile, 0 = dioxane, MC = methyl cellosolve (ethylene glycol
monomethyl ether)

5. The process of claim 4 wherein said catalyst sup­
25 port is wire mesh or ceramic.

6. A process for making a coated article which com­
prises applying to a substrate a liquid product prepared
from a liquid composition of a perfluorinated ion ex­
change polymer having -S03M functional groups
wherein M is H, Na, K or NR4, and each R is separately
H, CH3 or C2H5, in a liquid medium, said liquid compo-
sition being liquid at room temperature, said liquid com­
position being prepared by the process comprising con­
tacting a said polymer having an equivalent weight in
the range of 1025 to 1500 with a mixture comprising 20
to 90% by weight of water and 10 to 80% by weight of
at least one member of the group consisting of metha­
nol, ethanol, n-propanol, isopropanol, n-butanol, 2­
butanol, 2-methoxyethanol, 2-ethoxyethanol, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether,
diethylene glycol dimethyl ether, diethylene glycol
diethyl ether, dioxane and acetonitrile at a temperature
in the range of about 180' to 300' C. and below the
critical temperature(s) of said member(s) employed, for
at least 0.5 hour in a closed vessel, and separating from
said liquid composition any lower density liquid phase
present, said liquid product being prepared by cooling
said liquid composition to below 100' C., and adding to
said liquid composition triethyl phosphate or dimethyl­
sulfoxide in an amount to constitute 10 to 200% by
weight of said polymer, to form said liquid product,
followed by drying.

7. A process for making a coated article which com­
prises applying to a substrate a liquid product prepared
from a liquid composition of a perfluorinated ion ex­
change polymer having -S03M functional groups
wherein M is H, Na, K or NR4, and each R is separately
H, CH3 or C2H5, in a liquid medium, said liquid compo­
sition being liquid at room temperature, said liquid com­
position being prepared by the process comprising con­
tacting a said polymer having an equivalent weight in
the range of 1025 to 1500 with a mixture comprising 20
to 90% by weight of water and 10 to 80% by weight of
at least one member of the group consisting of metha­
nol, ethanol, n-propanol, isopropanol, n-butanol, 2­
butanol, 2-methoxyethanol, 2-ethoxyethanol, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether,
diethylene glycol dimethyl ether, diethylene glycol

INDUSTRIAL APPLICABILITY

The present invention is highly beneficial in that it
provides a fast process for making liquid compositions
not heretofore available which are useful in many indus­
tries. The liquid compositions and modified liquid prod- 30
ucts made by the process can be used in making and
repairing films and membranes useful in various liquid
premeation processes such as chloralkali electrolysis, in
coating substrates such as catalyst support for use in
promoting a wide variety of chemical reactions, and in 35
recovering scrap or used perfluorinated polymer hav­
ing sulfonic acid or sulfonate functional groups for re­
use.

I claim:
1. A process for making a coated article which com- 40

prises applying to a substrate a liquid composition of a
perfluorinated ion exchange polymer having -S03M
functional groups wherein M is H, Na, K or NR4, and
each R is separately H, CH3 or C2H5, in a liquid me­
dium, said liquid composition being liquid at room tem- 45
perature, said liquid composition being prepared by the
process comprising contacting a said polymer having an
equivalent weight in the range of 1025 to 1500 with a
mixture comprising 20 to 90% by weight of water and
10 to 80% by weight of at least one member of the 50
group consisting of methanol, ethanol, n-propanol, iso­
propanol, n-butanol, 2-butanol, 2-methoxyethanol, 2­
ethoxyethanol, ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, dioxane and acetonitrile 55
at a temperature in the range of about 180' and 300' C.
and below the critical temperature(s) of said member(s)
employed, for at least 0.5 hour in a closed vessel, and
separating from said liquid composition any lower den-
sity liquid phase present, followed by drying. 60

2. The process of claim 1 wherein said substrate is a
fabric, an ion exchange membrane or a porous dia­
phragm.

3. The process of claim 2 wherein said substrate is a
fabric made at least in part of perhalocarbon fibers or 65
glass fibers.

4. The process of claim 1 wherein said substrate is a
catalyst support.



4,453,991

10

19
diethyl ether, dioxane and acetonitrile at a temperature
in the range of about 180° to 300° C. and below the
critical temperature(s) of said member(s) employed, for
at least 0.5 hour in a closed vessel, and separating from
said liquid composition any lower density liquid phase 5
present, said liquid product being prepared by cooling
said liquid composition to below 1000 C., and adding to
said liquid composition 2-ethoxyethanol in an amount to
constitute 4 to 60% by volume of the resulting said
liquid product, followed by drying.

8. A process for making a coated article which com­
prises applying to a substrate a liquid product prepared
from a liquid composition of a perfluorinated ion ex­
change polymer having -SO3M functional groups
wherein M is H, Na, K or NR4, and each R is separately 15
H, CH3 or CzHs, in a liquid medium, said liquid compo­
sition being liquid at room temperature, said liquid com­
position being prepared by the process comprising con­
tacting a said polymer having an equivalent weight in
the range of 1025 to 1500 with a mixture comprising 20 20
to 90% by weight of water and 10 to 80% by weight of
at least one member of the group consisting of metha­
nol, ethanol, n-propanol, isopropanol, n-butanol, 2­
butanol, 2-methoxyethanol, 2-ethoxyethanol, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, 25
diethylene glycol dimethyl ether, diethylene glycol
diethyl ether, dioxane and acetonitrile at a temperature
in the range of about 1800 to 3000 C. and below the
critical temperature(s) of said member(s) employed, for
at least 0.5 hour in a closed vessel, and separating from 30
said liquid composition any lower density liquid phase
present, said liquid produCt being prepared by remov­
ing from said liquid composition by vaporization a por­
tion of said water and at least a portion of said at least
one member, and then adding n-propanol to form said 35
liquid product of said polymer in a modified liquid me­
dium, 25 to 40% by weight of said modified liquid me­
dium being water, followed by drying.

9. The process of claim 6, 7 or 8 wherein said sub­
strate is a fabric, an ion exchange membrane or a porous 40
diaphragm.

10. The process of claim 9 wherein said substrate is a
fabric made at least in part of perhalocarbon fibers or
glass fibers.

u. The process of claim 6, 7 or 8 wherein said sub- 45
strate is a catalyst support.

12. The process of claim 11 wherein said catalyst
support is wire mesh or ceramic.

13. A process for repairing a perfluorinated ion ex­
change membrane which leaks at a defective portion 50
thereof, which process comprises applying to said de­
fective portion a liquid composition of a perfluorinated
ion exchange polymer having -S03M functional
groups wherein M is H, Na, K or NR4, and each R is
separately H, CH3 or CzHs, in a liquid medium, said 55
liquid composition being liquid at room temperature,
said liquid composition being prepared by the process
comprising contacting a said polymer having an equiva­
lent weight in the range of 1025 to 1500 with a mixture
comprising 20 to 90% by weight of water and 10 to 60
80% by weight of at least one member of the group
consisting of methanol, ethanol, n-propanol, isopropa­
nol, n-butanol, 2-butanol, 2-methoxyethanol, 2-ethoxye­
thanol, ethylene glycol dimethyl ether, ethylene glycol
diethyl ether, diethylene glycol dimethyl ether, diethyl- 65
ene glycol diethyl ether, dioxane and acetonitrile at a
temperature in the range of about 1800 to 3000 C. and
below the critical temperature(s) of said member(s)
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employed, for at least 0.5 hour in a closed vessel, and
separating from said liquid composition any lower den­
sity liquid phase present, followed by drying.

14. A process for repairing a membrane which com­
prises one or more layers ofperfluorinated ion exchange
polymer having -S03M and/or -COOM functional
groups where M is H, Na, K or NR4 and each R is
separately H, CH3 or CzHs, said membrane having a
defective area, which process comprises the steps of:

(a) providing a patch of membrane material of perflu­
orinated ion exchange polymer similar to that sur­
face of said membrane to which said patch is to be
applied and of a size to cover said defective area of
said membrane to be repaired;

(b) applying to at least one of (i) said defective area of
said membrane, and (ii) said patch, a liquid compo­
sition of a perfluorinated ion exchange polymer
having -S03M functional groups wherein M is H,
Na, K or NR4, and each R is separately H, CH3 or
CzHs, in a liquid medium, said liquid composition
being liquid at room temperature, said liquid com­
position being prepared by the process comprising
contacting a said polymer having an equivalent
weight in the range of 1025 to 1500 with a mixture
comprising 20 to 90% by weight of water and 10 to
80% by weight of at least one member of the group
consisting of methanol, ethanol, n-propanol, iso­
propanol, n-butanol, 2-butanol, 2-methoxyethanol,
2-ethoxyethanol, ethylene glycol dimethyl ether,
ethylene glycol diethyl ether, diethylene glycol
dimethyl ether, diethylene glycol diethyl ether,
dioxane and acetonitrile at a temperature in the
range of about 1800 to 300° C. and below the criti­
cal temperature(s) of said member(s) employed, for
at least 0.5 hour in a closed vessel, and separating
from said liquid composition any lower density
liquid phase present;

(c) covering said defective area with said patch;
(d) pressing said patch against said membrane at a

temperature less than the melting point of each said
perfluorinated ion exchange polymer present; and

(e) heating the patch and membrane to evaporate at
least part of said liquid medium of said liquid com­
position.

15. A process for repairing a perfluorinated ion ex­
change membrane which leaks at a defective portion
thereof, which process comprises applying to said de­
fective portion a liquid product prepared from a liquid
composition of a perfluorinated ion exchange polymer
having -S03M functional groups wherein M is H, Na,
K or NR4, and each R is separately H, CH3 or CzHs, in
a liquid medium, said liquid composition being liquid at
room temperature, said liquid cmposition being pre­
pared by the process comprising contacting a said poly­
mer having an equivalent weight in the range of 1025 to
1500 with a mixture comprising 20 to 90% by weight of
water and 10 to 80% by weight of at least one member
of the group consisting of methanol, ethanol, n­
propanol, isopropanol, n-butanol, 2-butanol, 2-methox­
yethanol, 2-ethoxyethanol, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, diethylene glycol
dimethyl ether, dimethylene glycol diethyl ether, diox­
ane and acetonitrile at a temperature in the range of
about 1800 to 300° C. and below the critical tem­
perature(s) of said member(s) employed, for at least 0.5
hour in a closed vessel, and separating from said liquid
composition any lower density liquid phase present,
said liquid product being prepared by cooling said liq-
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uid composition to below 100° C., and adding to said
liquid composition triethyl phosphate or dimethylsulf­
oxide in an amount to constitute 10 to 200% by weight
of said polymer, to form said liquid product, followed
by drying.

16. A process for repairing a perfluorinated ion ex­
change membrane which leaks at a defective portion
thereof, which process comprises applying to said de­
fective portion a liquid product prepared from a liquid
composition of a perfluorinated ion exchange polymer 10
having -803M functional groups wherein M is H, Na,
K or NR.4, and each R is separately H, CH3 or CzHs, in
a liquid medium, said liquid composition being liquid at
room temperature, said liquid composition being pre­
pared by the process comprising contacting a said poly- 15
.mer having an equivalent weight in the range of 1025 to
1500 with a mixture comprising 20 to 90% by weight of
water and 10 to 80% by weight of at least one member
of the group consisting of methanol, ethanol, n­
propanol, isopropanol, n-butanol, 2-butanol, 2-methox- 20
yethanol, 2-ethoxyethanol, ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, diethylene glycol
dimethyl ether, diethylene glycol diethyl ether, dioxane
and acetonitrile at a temperature in the range of about 25
180° to 300° C. and below the critical temperature(s) of
said member(s) employed, for at least 0.5 hour in a
closed vessel, and separating from said liquid composi­
tion any lower density liquid phase present, said liquid
product being prepared by cooling said liquid composi- 30
tion to below 100° C., and adding to said liquid compo­
sition 2-ethoxyethanol in an amount to consitiute 4 to
60% by volume of the resulting said liquid product,
followed by drying.

17. A process for repairing a perfluorinated ion ex- 35
change membrane which leaks at a defective portion
thereof, which process comprises applying to said de­
fective portion a liquid product prepared from a liquid
composition of a perfluorinated ion exchange polymer
having -803M functional groups wherein M is H, Na, 40
K or NR.4, and each R is separately H, CH3 or CzHs, in
a liquid medium, said liquid composition being liquid at
room temperature, said liquid composition being pre­
pared by the process comprising contacting a said poly­
mer having an equivalent weight in the range of 1025 to 45
1500 with a mixture comprising 20 to 90% by weight of
water and 10 to 80% by weight of at least one member
of the group consisting of methanol, ethanol, n­
propanol, isopropanol, n-butanol, 2-butanol, 2-methox­
yethanol, 2-ethoxyethanol, ethylene glycol dimethyl 50
ether, ethylene glycol diethyl ether, diethylene glycol
dimethyl ether, diethylene glycol diethyl ether, dioxane
and acetonitrile at a temperature in the range of about
180° to 300° C. and below the critical temperature(s) of
said member(s) employed, for at least 0.5 hour in a 55
closed vessel, and separating from said liquid composi­
tion any lower density liquid phase present, said liquid
product being prepared by removing from said liquid
composition by vaporization a portion of said water and
at least a portion of said at least one member, and then 60
adding n-propanol to form said liquid product of said
polymer in a modified liquid medium, 25 to 40% by
weight of said modified liquid medium being water,
followed by drying.

18. A process for repairing a membrane which com- 65
prises one or more layers ofperfluorinated ion exchange
polymer having -803M and/or -COOM functional
groups where M is H, Na, K or NR4 and each R is
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separately H, CHj or CzHs, said membrane having a
defective area, which process comprises the steps of:

(a) providing a patch of membrane material ofperflu­
orinated ion exchange polymer similar to that sur­
face of said membrane to which said patch is to be
applied and of a size to cover said defective area of
said membrane to be repaired;

(b) applying to at least one of (i) said defective area of
said membrane, and (ii) said patch, a liquid product
prepared from a liquid composition of a perfluori­
nated ion exchange polymer having -803M func­
tional groups wherein M is H, Na, K or NR.4, and
each R is separately H, CH3 or CzHs, in a liquid
medium, said liquid coposition being liquid at room
temperature, said liquid composition being pre­
pared by the process comprising contacting a said
polymer having an equivalent weight in the range
of 1025 to 1500 with a mixture comprising 20 to
90% by weight of water and 10 to 80% by weight
of at least one member of the group consisting of
methanol, ethanol, n-propanol, isopropanol, n­
butanol, 2-butanol, 2-methoxyethanol, 2-ethoxye­
thanol, ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, dioxane and
acetonitrile at a temperature in the range of about
180° to 300° C. and below the critical tem­
perature(s) of said member(s) employed. for at least
0.5 hour in a closed vessel, and separating from said
liquid composition any lower density liquid phase
present, said liquid product being prepared by
cooling said liquid composition to below 100° C.,
and adding to said liquid composition triethyl phos­
phate or dimethylsulfoxide in an amount to consti­
tute 10 to 200% by weight of said polymer, to form
said liquid product;

(c) covering said defective area with said patch;
(d) pressing said patch against said membrane at a

temperature less than the melting point of each said
perfluorinated ion exchange polymer present; and

(e) heating the patch and membrane to evaporate at
least part of said liquid medium of said liquid com­
position.

19. A process for repairing a membrane which com­
prises one or more layers ofperfluorinated ion exchange
polymer having -803M and/or -COOM functional
groups where M is H, Na, K or NR.4 and each R is
separately H, CH3 or CzHs, said membrane having a
defective area, which process comprises the steps of:

(a) providing a patch of membrane material of perflu­
orinated ion exchange polymer similar to that sur­
face of said membrane to which said patch is to be
applied and of a size to cover said defective area of
said membrane to be repaired;

(b) applying to at least one of (i) said defective area of
said membrane, and (ii) said patch, a liquid product
prepared from a liquid composition of a perfluori­
nated ion exchange polymer having -803M func­
tional groups wherein M is H, Na, K or NR.4, and
each R is separately H, CH3 or CzHs, in a liquid
medium, said liquid composition being liquid at
room temperature, said liquid composition being
prepared by the process comprising contacting a
said polymer having an equivalent weight in the
range of 1025 to 1500 with a mixture comprising 20
to 90% by weight of water and 10 to 80% by
weight of at least one member of the group consist­
ing of methanol, ethanol, n-propanol, isopropanol,
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n-butanol, 2-butanol, 2-methoxyethanol, 2-ethox­
yethanol, ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, dioxane and
acetonitrile at a temperature in the range of about 5
180· to 300· C. and below the critical tem­
perature(s) of said member(s) employed, for at least
0.5 hour in a closed vessel, and separating from said
liquid composition any lower density liquid phase
present, said liquid product being prepared by 10
cooling said liquid composition to below 100· C.,
and adding to said liquid composition 2-ethoxye­
thanol in an amount to constitute 4 to 60% by
volume of the resulting said liquid product;

(c) covering said defective area with said patch;
(d) pressing said patch against said membrane at a

temperature less than the melting point of each said
perfluorinated ion exchange polymer present; and

(e) heating the patch and membrane to evaporate at
least part of said liquid medium of said liquid com- 20
position.

20. A process for repairing a membrane which com­
prises one or more layers ofperfluorinated ion exchange
polymer having -803M and/or -COOM functional
groups where M is H, Na, K or NR4 and each R is 25
separately H, CH3 or C2Hs, said membrane having a
defective area, which process comprises the steps of:

(a) providing a patch of membrane material of perflu­
orinated ion exchange polymer similar to that sur­
face of said membrane to which said patch is to be 30
applied and of a size to cover said defective area of
said membrane to be repaired;

(b) applying to at least one of (i) said defective area of
said membrane, and (ii) said patch, a liquid product
prepared from a liquid composition of a perfluori- 35
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nated ion exchange polymer having -803M func­
tional groups wherein M is H, Na, K or NR4, and
each R is separately H, CH'or C2Hs, in a liquid
medium, said liquid composition being liquid at
room temperature, said liquid composition being
prepared by the process comprising contacting a
said polymer having an equivalent weight in the
range of 1025 to 1500 with a mixture comprising 20
to 90% by weight of water and 10 to 80% by
weight of at least one member of the group consist­
ing of methanol, ethanol, n-propanol, isopropanol,
n-butanol, 2-butanol, 2-methoxyethanol, 2-ethox­
yethanol, ethylene glycol dimethyl ether, ethylene
glycol diethyl ether, diethylene glycol dimethyl
ether, diethylene glycol diethyl ether, dioxane and
acetonitrile at a temperature in the range of about
180· to 300· C. and below the critical tem­
perature(s) of said member(s) employed, for at least
0.5 hour in a closed vessel, and separating from said
liquid composition any lower density liquid phase
present, said liquid product being prepared by re­
moving from said liquid composition by vaporiza­
tion a portion of said water and at least a portion of
said at least one member, and then adding n­
propanol to form said liquid product of said poly­
mer in a modified liquid medium, 25 to 40% by
weight ofsaid modified liquid medium being water;

(c) covering said defective area with said patch;
(d) pressing said patch against said membrane at a

temperature less than the melting point of each said
perfluorinated ion exchange polymer present; and

(e) heating the patch and membrane to evaporate at
least part of said liquid medium of said liquid com­
position.
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