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can be used to incorporate sulfonic acid groups into sulfonatton-suscepuble polymers, the
difficulty of sulfonating polymers without gelation is widely appreciated in the art. Gelation
25  of polymers can be caused by chemical gelation, physical gelation, or a combination thereof.
Besides leading to polymer gelation, undesirable chemical cross-linking can also lead to
polymer precipitation and/or intractability. Physical gelation, on the other hand, can be
caused t)y non-covalent cross-linking. Physical gelation normally can be disrupted through
appropriate solvent conditions. For example, Li, et al. Reactive & Functional Polymers,
30  56:189 (2003) describes the “insolubility” of sulfonated poly[styrene]-block-[2-[(per-

fluorononenyl)oxyJethyl methacrylate] in toluene as being due to “physically cross-linked



gelation or polyner precipitation still poses a serious problemfor polyner
sul fonation. To reduce physical gelation or polyner precipitation, the
reaction nedia of choice for the acyl 10 sulfate nmethods disclosed in the
literature are typically hal ogenated sol vents such as dichl oroet hane.

Hal ogenat ed sol vents are alleged to not only afford solubility to the

unsul fonat ed pol yner and the acyl sulfate reagent (e.g., acetyl sulfate),
but also to maintain the resulting sul2fonated polynmer in soluble form
(e.g., a honngeneous liquid), without precipitation or disabling gelation
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the resulting sulfonated polymer in soluble form (e.g., a homogeneous liquid), without

precipitation or disabling gelation. The use of halogenated solvent is, however, highly

15 undesirable from an environmental, health, and safety standpoint. Methods that can

effectively sulfonate aromatic-containing block copolymers in non-halogenated aliphatic

solvents with equal or greater levels of sulfonic acid incorporation than in halogenated

solvents would be highly desirable. Advantages of non-halogenated aliphatic solvents

include, for example, (a) not suffering from the substantial environmental concerns

20 associated with halogenated solvents; (b) typically being used in the preparation of the

starting block copolymers, thereby enabling the sulfonation of polymer without the need for

polymer isolation and re-dissolution prior to sulfonation; and/or (c) being suitable solvents

for subsequent downstream processing of the sulfonated polymer into films, membranes,

coatings, and the like. Lower acyl sulfates such as C2-C8 sulfates, especially C2 to C4

25  sulfates have many advantages over the higher acyl sulfates or other sulfonation reagents.

These lower acyl sulfates, as with other acyl sulfates, are capable of sulfonating aromatic

rings with negligible sulfone formation, thereby proceeding without substantial chemical
gelation.

The process for sulfonating certain styrene containing block copolymers with lower

30 €2 to C4 sulfates is taught in copending patent application Serial Number 60/885,804, filed

January 19, 2007, having a common inventor. The polymer resulting from the process of the



30 C2 to ¢4 sulfates is taught in copending patent application Seri al
Nunmber 60/ 885, 804, filed January 19, 2007, having a conmon inventor. The
pol ymer resulting fromthe process of the 3 '804 application is disclosed
and clained in prior US Pub. App. 2007/0021569, al so including conmon

i nventors. However, when using C2 to C8 acyl sulfates as the

sul fonation agent, residual carboxylic acids are formed as a byproduct.
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pol ymer solution are difficult to renove fromthe resulting pol yner
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20 level of the organic acid to less than 2.0 wt % based on the total weight
of the solution, preferably less than 1.0 wt % The nolar ratio of C1
to C4 al cohol to residual carboxylic acid is at least 0.9:1, preferably
0.9:1 to 4:1, nore preferably 0.9:1 to 2:1. The initial concentration of
the precursor block polynmer preferably is in the range of 25 from about 1.0
wt%to about 30 wt % based on the total weight of the reaction m xture,
alternatively fromabout 3.0 wt%to adout 20 wt % In at |east sone

enbodi nents, the sulfonation reaction can be conducted in a manner that the

reaction mxture is substantially free o ol ymer . (o] [ free of
di sabl i ng gel H’(P‘&Fn?sPiﬂt’t@? r?é‘is?’%]é(l ‘i};sc tﬁg t%“&ﬁ‘&SﬁéPrlot‘)’lﬁ% g;»('r:ﬁe%sﬁfolk g)pe(?%ct ed in
a manner gihabted BRCK flfhéd h Wndeipendtéd atiphatichelvess,tbmprigins ik sepaced 30

pol ymer in a non-hal ogenat eg aLi phati ¢ sol entﬁ)1 ils ) bstta;lltoi _ Ange of
pol ymer pr eci PrOvHIShPISFIEsOr lagk #PLYFICE BB, B $8PAE GRS 8rhat Vel Y, both
the reacigl® -'B-Ki, (A_ly_g),ngArm IAOD-FADOAIUAIB-DSBIA) (AdB-®)alan@eBviDniX, tARB- pr esent
technol ogy is substantially free of polyner precipitati,on @nd % e of

di sabfi n§-Bel AArBBINX r acmiiue teeeoki VHETE dnig aér%é#eré%?&,mt e 2P é‘glsiaon
mxture gf %igg g%{n?&@ﬁﬁc,taﬁ&@ﬂ%ﬁg:‘écﬂﬁbﬁbkﬁé 2pslimbd dlodkrregistat td allfogeatival ed

sol vents. *H onation reagents used in accordance with sgme EInbOdi ment s

of the peabdhblosk isaehmesglpck Wﬁ@%’@@ﬁ@aﬁﬁslmﬁ gash B blpckis gpe ogk ¢ o
B 8 SRRt kP W BlbET AR ArobYard’ BTHROR arc3sltRuuBily! 8 G/ flomiat or,

alternative r om about out 5 carbon atons. One preferred exanple
i s | sobuuysaplratiml f at e. The acyl sulfate can be obtained in an in-situ

reactjon conducted, .for exa : &eer fakd iR B4Etibme
sul fdfation r EAEEHE fheiredt g@!ﬁ%ﬂ%@?‘?ﬁ%@ vel'y&gijglg o 1t erent
t enper at wiiguff fifrthemcamptisin® Gt Qedsd amoondn-Bogenated atiphaticnsalyepe|t, formea acy|

sulfate ¢ be tained froma separate reacti ri it 0 the

reaction$ Wﬁ’fig’.ﬁ’cﬁ ﬁg]ﬂ“ef’@' i %ﬁgm{é%ﬁf%%ﬁeﬁ%‘h .og %‘E‘{lﬁgr %%fsgfr)blrggﬁ%&lg 1ZL)acyI

?ul fatg Q?V%%fn?lﬁfgﬁg tcmzbslgmmll ?f merpembt_ lrblufckt pz)lj'mertl{asr:drwbt tqbaitwﬁight u { eis

rom abou : 0 ahou .0, alternative roma o, QM ol tO

about 1. Sft@IrF@tlﬁ&ﬁ%{eyalfmvﬁlﬂdﬁgbﬁaﬁg‘i%f%%%m‘?%gl. w&r”g 3r(§§:6yl,% Re

sul f qRat gdiok! e kmhlsYEREenhRfondf deopreciraf bk helpaiet Busedjorethb avtalt ieight b5 about

0.4 neqg/g, alternatively greater than about c‘?que%“% al t rtnatltvel

great er theaction mixttyegthereiny iening ip dhgsupraddhioq fRa! ew’é‘&/‘@‘? OfRa8S%r dance

W th SO”%r@if&%Féﬁwgge aéicflpan@s&bk&{i SthAefotBy tedbddRlcdrboxylicagd withta Glftof rom
bout nol” percent,

about 10 to a 3 alternatively fromabout 20 to about 95
mol  per c&Htalcahbk amuizturetbérgofiin e makisaetio gflooboldp sisidugirarhgrylisacidnfet legiised on
the unitg of  sulfonati j 158 agidiafld B feleekse reddlhe

non- hal Ogﬁ;%oeﬁgﬁ%%ﬁ&gﬁggggﬁ%&'(t:eg% ggg‘ﬁ?}& (;?ngl%gr?d which is ? sol vent
for ©be pevetof serorpaliyaed todessithenu?.8 wife pased warthe sotel weishkt ofothe ispiytions t he

inear . ardeRaes: B PSS s at urat ed hydr ocar hons of about 5 {0 12
carbons, for ghamwle, rafiy Of dlewa0s alaholhipl eyidiad werbaxdic acid is at least 0.9:1,
preferably 0.9:1 to 4:1, more preferably 0.9:1 to 2:1.
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25  from about 1.0 wt% to about 30 wt % based on the total weight of the reaction mixture,

alternatively from about 3.0 wt% to about 20 wt %. In at least some embodiments, the
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sulfonation reaction can be conducted in a manner that the reaction mixture is substantially
free of polymer precipitation and free of disabling gelation. Alternatively, the sulfonation
reaction is conducted in a manner that the reaction product (i.e., the resulting sulfonated
30  polymer in a non-halogenated aliphatic solvent) is substantially free of polymer precipitation

and free of disabling gelation. Alternatively, both the reaction mixture and reaction product



cycl opent ane, cycl oheptane, cycl ooctane, isopentane, n-hexane, isohexane,
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solvent. Preferably, the first non-habogenated aliphatic solvent is a
solvent for the precursor polyner (e.g., 30 cyclohexane or
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aliphatic hydrocarbon mixtures having a boiling point range of about 70 to about 220° C. In

at least some embodiments, the non-halogenated aliphatic solvent comprises a first non-
halogenated aliphatic solvent and a second non-halogenated aliphatic solvent. Preferably, the
first non-halogenated aliphatic solvent is a solvent for the precursor polymer (e.g.,
30 cyclohexane or methylcyclohexane) and the second non-halogenated solvent is chosen such

that it is miscible with the other solvent, but is a poor solvent for sulfonation susceptible



A key feature of sulfonated bl ock copol yners having sul fonation resistant
end bl ocks is that they can be fornmed into solid objects or articles which
retain their solid character even in the presence of an excess of water. A
solid is recognized as a material that does not flow under the stress of
its owmn weight. The polynmers of the present invention may be cast into 5
solid nenbranes. Wile these nenbranes efficiently transport water vapor,
they are solids even in the presence 6f an excess of water. The solid
character of these nenbranes in water nmay be denonstrated by testing their
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In one aspect of the invention, the process for preparing the sul fonated

bl ock polyners is conducted in a manner that is substantially free of

pol ymer precipitation and free of disabling gelation in the reaction

m xture. Further, the initial concentration of the precursor block pol yner
is in the range of fromabout 1.0 wtw%to a concentration that is about 20
0.1 W% below the limting concentration of the precursor block polyner
based on the total weight of the reaction m xture, alternately the range of
fromabout 3.0 wt%to a concentration that is about 0.1 wt % bel ow t he
I|mt| ng concentratl on of the precursor bl ock pol yner based on the total
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Typically, in the sulfonated bl ock copol yner, the nol percentage of end

bl ocks will 25 be sufficient such that the block copolyner will be
insoluble in water and non-di spersible in water. In said bl ock copol yner,
the nmol percent of the end bl ocks can be greater than 15% preferably
greater than 20% In other instances, the nol percent of the end bl ocks can
be greater than 20% and | ess than 70% preferably greater than 20% and | ess
t han 50% The hydrophobic units of thé& end bl ocks contribute to the bl ock
copolynmer's insolubility. 30 Furthernore, if the end bl ock nol percent
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chain contribute to the wet strength, dimensional stability and processability of these
polymers and objects formed from them. The sulfonated block(s) positioned in the interior of
30 the copolymer allow effective water vapor transport. The combined properties afford a

unique material. As a result of the above, the sulfonated block copolymers of the present



10 conjugated di ene nust be hydrogenated such that at |east 90% of the
doubl e bonds are reduced by the hydrogenation, preferably at |east 95% of

t he doubl e bonds are reduced by the hydrogenation, and even nore preferably
at | east 98% of the double bonds are reduced by the hydrogenation. 5In
still another aspect, the present invention conprises an article forned at

| east in part froma conposition conprising the inventive sul fonated bl ock
copolymer. In particular, the present 8 nvention contenplates articles, such
as, for exanple, fuel cells, proton exchange nenbranes for fuel cells,
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conpdSi t Pdrivirebalpw theglimiting cargenizpativp 96 theriuecursqr block polymer based on the total

weight of the reaction mixture, alternately the range of from about 3.0 wt% to a concentration
that is about 0.1 wt% below the limiting concentration of the precursor block polymer based

on the total weight of the reaction mixture.
Typically, in the sulfonated block copolymer, the mol percentage of end blocks will
25  be sufficient such that the block copolymer will be insoluble in water and non-dispersible in
water. In said block copolymer, the mol percent of the end blocks can be greater than 15%,
preferably greater than 20%. In other instances, the mol percent of the end blocks can be
greater than 20% and less than 70%, preferably greater than 20% and less than 50%. The
hydrophobic units of the end blocks contribute to the block copolymer’s insolubility.
30  Furthermore, if the end block mol percent approaches the lower values, hydrophobicity of the



(d) removing the solid menbrane fromthe removable substrate. In yet

anot her aspect, the present invention includes a process for preparing a
two | ayer nenbrane, conprising: 10(a) applying the conposition conprising
t he sul fonated bl ock copol ynmer, ester of residual carboxylic acid and

non- hal ogenated al i phatic sol vents of the present invention onto a porous
substrate, (b) spreading the conposition to forma uniformthickness |ayer
on the surface of the porous substrate |ayer, and 15(c) allow ng the
solvents to evaporate fromthe conposition resulting in a solid nenbrane.
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of the present invention in which end blocks that are resistant to sulfonation are represented

by “A”, “Al1”, “A2” or “D” blocks and interior blocks that are susceptible to sulfonation are
represented by “B”, “B1”, “B2”, “E” or “F” blocks. Furthermore, note that in some

25  instances, more than one interior block may be susceptible to sulfonation. In those instances,
the blocks may be the same or they may be different.

In addition, the term “containing no significant levels of unsaturation” means that the
residual olefin unsaturation of the block copolymer is less than 2.0 milliequivalents of
carbon-carbon double bonds per gram of polymer, preferably less than 0.2 milliequivalents of

30 carbon-carbon double bonds per gram of block copolymer. This means, e.g., that for any

conjugated diene polymer component present in said sulfonated block copolymer, that such



(vi) the nol percent of vinyl aromatic nononers which are unsubstituted
styrene nononers, ortho-substituted styrene nononers, neta-substituted
styrene nononers, al pha-nethylstyrene, 1,1-diphenylethylene and 1, 2-

di phenyl ethyl ene in each B bl ock is between 10 nol percent and 100 nol
percent, (o) about 0.08 to about 35 wt%of a C1 to 4 alkyl ester of the
resi dual carboxylic acid; and (c) less than 2.0 wt % of residual carboxylic
acid, the weight percent based on theipotal weight of the block copol yner
conposition. 13 Brief Description of the Drawing Figure 1 shows a

hot ograph of a prior art nenbrane formed from | f.ohat,ed,bl ock copol yner
(F:)orrpogi t Pmniug'm?d giem: mapsh bo hydrogenatgd owpely theb &t g"’&ﬁfﬁgq%/g 863]?63/ P?‘g’l%(ll?f“bé.g arf?gurg 2
_shovvs a prgcg}c (?gfﬁllg hg&, gengﬁéﬂ), 5@%&9&@& . bhe ﬂéﬂﬁ@@d@ﬁretr&ﬁc@f‘&ysﬁat 5

i nvention conta P

ni-n ss than about 0.5 v‘yt%@f r@iidu | iso ut&/rltg1 aci d
and abouthy8rogesatiof, aed kyan thase brefayably @ least 98% of the doyhlebands ate ggduged Hythe ¢ v r i ¢
acid for g bXnattiQﬁ reaction of ethanol and isobutyric acid. Figure 3 shows
the extent reaction of nethanol to formmethyl butyrate as a .
functison of tHe stiiblanetheraspest, dhe pussdnbinyention GompEHIsAN Alde ﬁamsa @blgtdy to the

present invention. 10Fi gur . r 16D at i1aadicul@et hanol ,
cycl ohex g aﬁ%qlw}tloﬁ%'glaﬁ@@g@gﬁ%%n@efSgigg%ditéggo%:‘R eg(g&%lr ati gﬁ . cFi gure 5
shows t hang plesint it@etinwentmplnies articfessubhaamo for esgraploHugiaalls, arioexehange

cast i1 eVt BRhERP fruiom Gl e ool Hificls TRIRRARGININC
o e R e e o el Yot ted 7 o opar e
S g, St BV B 5 RO B EBE oo
be made byedLanE08aF conliitidhihf Glefibtanps, bes 3@ sery intaibumiis) gesalinasion enembranes,
adhesives, personal hygiene articles, super absorbent articles, binders for super absorbents
and antifouling coatings. Specific examples of such articles include, but are not limited to,
selective, permeability membranes formed in part from a composition comprising the
15 sulfonated block copolymer. Other uses include fibers, tubes, fabrics, sheets, coatings for
woven and non-woven fabrics and laminates. Specific applications include, but are not
limited to, breathable protective clothing and gloves for first responders, firefighters,
chemical and biological workers, agricultural workers, medical employees, and military
personnel involved in handling potentially hazardous materials; sports and recreational
20 clothing; tenting; selective membranes for industrial, medical and water purification
applications; and systems which avoid moisture build up inside the walls and between the
floor and foundation of a house. Other specific applications are in personal hygiene,
including use as super absorbents or binders for super absorbents in diapers or incontinence
products. Still other specific applications include marine coatings and anti-fouling coatings
25 in general. Yet other applications include coatings for membranes, such as coatings on
polysulfone desalination membranes.
In yet another aspect, the present invention includes a process for preparing a
membrane, comprising:
(2) applying the composition comprising sulfonated block copolymer, ester of

30 residual carboxylic acid and non-halogenated aliphatic solvents of the present



pol ymeri zati on, noderated anionic polynerization, cationic polynerization,
Ziegler-Natta 20 polynerization, and living or stable free radical

pol ymeri zation. Anionic polynerization is described belowin the detail ed
description, and in the patents referenced. Mderated anionic

pol ymeri zati on processes for making styrenic block copol ymers have been

di scl osed, for exanple, in U S. Patent Nos. 6,391,981, 6,455,651 and

6, 492, 469, each incorporated herein by reference. Cationic polynerization
processes for preparing block copolyners are 25 disclosed, for exanple, in
U.S. Patent Nos. 6,515,083 and 4, 946, 899, %ﬂch iEcor orat.ed .herein. by
reference. Livi rigveBfienosto- tatefassops Asiemoxable, Subshaie JREaliy Ap & Bumid.” (s o
to make bl ock CQBgééﬂﬁ%' were recently reviewed by G W Coates, P.D. Hustad,

and S. Reinartz in Angew. Chem Int. Ed., 2002, 41 2236-2257; a S%Zsequent
publ i cation by HbYbmaeadingtbe comprgition @ formmeun kness loys o0 BgeBPVabiS o i bes
the use of |ivi -N techni ques for 30 nmaking styrenic bl ock copol yners

specifically. The extiénsive work in the field of nitroxide nmediated |iving
radi cal pol yner i @gellawing Hersobenty theapprateritons fheeepupposition resulting in g splid - 14

A. W Bosman, and E. bHarthd Chem cal Reviews, 101(12), pp. 3661-3688 (2001).
As outlined in tAYEFE M Ew, styreni c bl ock copol yners coul d be nade using

living or stabl gdf reaevingdheslid reatbring flom theremoviide pdsyaier s of the present

i nvention, nitroxide nediated pol [ ' i rir}Ca ferred
living or staltgctangther &apdy eﬁfﬁ%’{rﬁé‘l’eﬁgﬁ g{r%ldg?%ggg%ewbﬂa{ p?éga not g{l s

pr ef erre@ayfepﬁleﬁlb@ngg\é@m@ﬁdmgani oni c process. 1.Polyner Structure One

of the inportant aspects _of the.present. .inventi.on. r h fucture
of tHE sul f onat & BPSERS BEFBRTLRE TR EHE G B s otk Fipcbiner it

copol ymers nade QydidlQadbAARMcid MyERsh-Blogenbted laliptetiatsolvents of tthwpreesinyner end
or outer blocks A and at |east one 10 saturated polyner interior block B
wherein each A upwﬁongntaapexoywsﬁ&t%ck resistant to sulfonation and each B
bl ock is a poly L6t Rb SGRRsitidh o foemSUlnifoma thickness layer on fHeatuface of
structures haven@zgﬁsener al configuration A-B-A, (A-B)"(A), (A-B-A",

(AB-A) "X, (A-B)"te porpuubstitedayet-qddB-D- A (A-D-B)"(A), (A-B-D)"(A),
(A-DRL"X, A-B-B- ing 'th s Mpdlad B8mithe canpositivhaewitihgi i aalid nt eger
froa%é t o about (g?):gil%‘%ﬁg(@e?o}:vgup%ﬁg Iyggent residue and A, B and D are as
def i ned her ei nbefembrand-urt her, the desi gnation A-B-B-B-A may be equival ent
to A-B-Bl-B-A Sl eher S HI G udds CanChrtiPe fofch@ romede A- B- A,
(A-B)2X, (A BIBYS a%lﬁéonaép%&-%gli’;eﬁs%tg&%s{ﬁ)u& ures or the rad; al structures
( A- B) nX gplorfafd DiGknoépolyaice compasitidntpoepdredSncthe taressis @fothe pjasent dnvepgon,
typically made viia anioni.c pol ynmerization, cationic 20 polynerization or

Zi egl er - RpiGCAMPOYRARSPIPHE SN, Preferably, the bl ock copol ymers are made via

ani onjoc pol yner i @taisfonatdd tlsckr opolgniez etlichjyaioritm hpdrgeapationybes thagersel t he
polymer m xture wl | include a, certai t, of, A iblogk CopohWIEer, in
addition to any sanfgeratiof i f’*a‘g' %g‘gé%qu’%‘ﬁ@"g gl'lg?kolg B%ir“ggg!r)l)grgr mor e
segments sel ecteg (A_gr:@m’l IBLD R IA (B-B-BA, $A-B2B) Xudrahixtudsaberedfy where n
mononers, (ii) et hyl.ene, (1ii) alpha olefins of. 3 to 18. car b&)n at.oms; (iv)
1, 3-cycl odi ene nismoinseast from)2 trebiad.end K is @ cpRjing agenh Feidis aFLVREE R vi nyl

content |ess than 3 1680 aRbiyaier bR WEsREEDatifsratior, ¢hch Mbloyk isc
esters, (vii) netha ?;P%cg%ters,a%rﬁefvi i) mxture %Q’g}r‘fgqf. | f the A
[

segmmsts are pol ymerspolimet, ockyrehistantetoesubfondtion; aRfh e ds 2 YL gnent s
W Il be hydrogenat egloskl bsﬁgcg,ﬁtgﬂé 14 QuIPHKOET daZflal TN -anB BT BRcRAESTEHBS trot Ut ed
styrene nononers ar SeI%ECt rom par a- ét hyl st yrene, para-n-

propyl styrene, par asigsificprtdeylsof glefinie ungauration; but yl st yr ene,

par a- sec- but yl styreng, ra-iso-. . =1z ne,

i soners of para- decg‘ﬁ)sF%}ge’ﬁé’?o*s%(}éfg%&%gﬁy%g‘?%%gg)gg%/Pisa{e&rﬂgrrltéw{agﬁicigéﬁ ?(et%ur es of
the above nmonomers. 1fefsadre0opasshshisodk ndemtndently dreringom peakr wolgewar

para-t-butyl styrene npnopers. onefr, y be m %t
deperdd ng on the paﬁq@&géwe%‘bt/&@e%ﬁ%’q@’ ﬂ@sﬁa(r%eg bﬁcg'?n#h%&mévgr a| i gpauri ty
of the para-substitybadnolecular weight between 10,000 and 300,000;



5 styrene nononers be at |east 90% w, preferably at |east 95% wt, and even
nore preferably at |east 98% w of the desired para-substituted styrene
nonomner . When the A bl ocks are polyners of ethylene, it nmay be useful
to polynerize ethylene via a Ziegler-Natta process, as taught in the
references inthe review article by GW Coates et. al, as cited above,

whi ch disclosure is herein incorporated by reference. It is preferred to 10
make the ethyl ene bl ocks using anioni ¢ pol ynmeri zati on techni ques as taught
in US. Patent No. 3,450,795, which disclosure is herein incorporated by
reference. The bl ock nol ecul ar wei ght for such ethyl ene bloe

typically be bet vvee@rll)a%@%rtAl blogh cAPriseso PRC 60 GBYC WERE hi® 93§er51| gré)% are

pol ymers of al pha g]}, 1§ phi@-sebbtif At ﬂeﬁomasrc(h) @hylye (i) alpba
prepared via a Zie er-Natta rocess as tau i.n t@g}é}referencesey t he

review article by ®lfins1ef @oé‘?e‘ég Erbory | atorasy Y)t dd-YHRGEC PRIOBYE| ) t he
al pha ol efins are pgg NBlendd 43RG OVinPCERMRR 168k WAnPID A0 €ne
bei ng nost preferre{? éf] £‘§f c&ﬁﬁ%{ﬁﬁecanar Weg ht for such al pha ol efin

bl ocks will typi cal percdne phiet tacedrogbention,1(VOEIAIA Fsigie (i) geetipgtylic esters, \when
the A bl ocks are hydr ak ?ﬂ lLygers of 1,3-cyclodiene monomers, such
nononers are sel ect eéﬁ?ﬁ@ Sg)g‘r%"g% consi stl ng of 1, 3-cycl ohexadl ene,

1, 3- cycl ohept adi ene(i@OeaainB hl@kcyarhpises aegneants. oPoa¢ &r ABPTP, Vlﬂﬂe”@?@?‘%dl ene

nmononer is 1, 3-cycl ohexadi e | REHonERNOMEr S
i s disclosed in U S™ ?%H’eéﬁtsqﬂ%ef% %@E’bﬁ%&‘g% (&h ugr sceg)é{éjlrr%gr s herein
i ncor porated by ref gj)eogko- sdbsutwreﬂl sthrenc cnemswry (i) hyeis-substifuted sthieen@ bl ocks

when using cycl odi ene nono nce u dro ed cyol odi ene
bl ock8 woul d” be susE‘@ﬁ?‘P‘Hf’e TP’SW%(F P%?‘Pe gg\/\ﬁ g?‘ﬁe%%\{ﬁg eiégc’k@‘)arig

hydr ogenat ed pol yrrea@h@i’yleﬂ@Nn!d@ﬁd@ﬁ)ﬁﬁb&miesme&bénes havi ng a vinyl content

| ess than 35 nol percent rior to h) enat %f erreda at t he

conj ugat ed di ene i s, ech i bgrkoppopr ?S y‘ﬂ%ﬁbg‘gﬁg?g{aﬁf’aﬁnﬁh cont ent

of the polymer pri Ofesstfﬁa@!@‘*ggﬁﬂ%%éaﬁ n{zﬂeohassvetghaaf%wmlmpemem 000,
preferably [ ess than 30 ercen [n certar n enbodr vi nyl

content of the pol ymDﬁrlqcbrbemésﬁﬁ?%@@'ﬁ & gEPn q?glgg ?lﬁﬁ‘ﬁnggo?so nol
percept, even more Bl S ALy dofhsuddrd0sdhed? Bofe Moprodd 1 8VRdicsS t han
n

percent with e advant ageous vin cont ent f the
poI ymer prior to 1Ba\frm;gja0’g5'h&0mtetn M@Frﬁ@]hb"éf%enﬁﬁ%oﬁge%?n E‘iﬁ& mqly ¢ his
way, the A bl ocks w|| I ¥ of
pol yet hyl ene. Such RETBT aﬁﬁsat ?&2%?#%&51 a!a eat?jl sC %glregm)%lmoh@b%g?lgnm
3,670, 054 and 4, 107 p@$feriaekli issbuthileel zmle(rvesmaﬂu@SHbﬂe‘i’fn wheresy ot sasEl ISy
reference. 5The A b ks. ma o c t
net hacrylic esters. %518 pﬁ?@ﬂ’@?z%l l)Xtrz:l@le&b & qﬁ{é’y %&cgﬁlsﬁgs':e@géntl
met hegs di scl osed |ﬁyddg§nat|8a;tamat No. 6 767 976 whi ch d| scl osure is herein
i ncorporated by refere peci f of the r
i ncl ude esters’ of a‘ﬁ}rtﬁﬁﬂﬁﬁr&%‘ﬁ VHH’ o aﬁﬁ@?‘i”l"fﬂg ,SJeu lﬁ)éc{g&ﬁerrgth I
nethacryl ate, ethyl RhBaGenoRES orihb%ﬂbﬁtmimi b@canylmmmm hmrgqsubsntuted
nmet hacryl ate, isobutyl 10 net hacryl ate, xyI r g%/ (il yil hexyl
met hacryl ate, dodecyiyrengt MapRemrst alp 45\9?1‘9’ tyr’@%eha]c 311’ W t%?‘ﬁo% Rl
methacrylate, dimetf Flé%&%ﬂél{ylb A8 hans BtRtwedh AN deaEdndyi00 mol
nmet hacryl ate, gl yci c%? acrylate, trimethoxysilylpropyl nethacryl ate,
trifiasoromet hyl met percent] ate, trifluoroethyl nethacrylate; esters of a
secondary al coho},a r C C r BElaedsiduat e,
cycl ohexyl net ha@ Pgl%tgaagig |a§16t 3§%%5°%t§%?§y?i?g&pgﬁtg ggt ers of a
tertiary al cohol calsrdrymaachdzcmd i c aci d such as tert-butyl nethacryl ate.
Speci fic exanpl e he cohol
and acrylic aci d?)gfféﬁhaggw}ﬁﬁfmg {b@?}h‘é %1 acr%?/%h%eéengr% %%gwg%lr yl at e,
n-butyl acryl at etotdl selphit yff thewblopk aipalyn’mexqrhpcmaro;al ate, 2-ethyl hexyl acrylate,
dodecyl acrylate, lauryl acrylate, nethoxyethyl acrylate,
di met hyl am noet hyl acryl ate, diethylam noethyl acrylate, glycidyl acrylate,
20 trinmethoxysilyl propyl acrylate, trifluoronethyl acrylate, trifl uoroethyl
acryl ate; esters of a secondary al cohol and acrylic acid, such as isopropyl
acryl ate, cyclohexyl acrylate and isobornyl acrylate; and esters of a
tertiary al cohol and acrylic acid, such as tert-butyl acrylate. If
necessary, as raw material or raw materials, one or nore of other anionic
pol ymeri zabl e nononers may be used together with the (nmeth)acrylic ester in
the present invention.




25 Exanpl es of the anionic polynerizabl e nononmer that can be optionally
used include nethacrylic or acrylic nononers such as trinethylsilyl

nmet hacryl ate, Ni sopropyl net hacryl am de, N-tert-butyl methacryl am de,
trimethylsilyl acrylate, N sopropylacrylam de, and N-tert-butyl acryl am de.
Mor eover, there may be used a multifunctional anionic polynerizabl e nononer
having in the nolecule thereof two or nore 30 nethacrylic or acrylic
structures, such as nethacrylic esterystructures or acrylic ester
structures (for exanple, ethylene glycol diacrylate, ethylene glycol

di nret hacryl ate, 1,4- 17 butanediol diacrylate, 1,4-butanediol

di met hac rBdiefiDescriptipniof $heBrEwWing di acryl ate, 1, 6- hexanedi ol di net hacryl at e,
trimethylol pr A 2oL $5dr ARt LRArR eraRd front 4 Setfohated Yloelt €) . | n
t he pol yneri zgﬁ%ﬁl %lrc’gvgg?sﬂétgbgged t% rrrake the acryli¢ or methacrylic ester
pol yner~ Gopailymérspmpasitionaoetaimingt dheutriohwite pEresidusl isoRubme E‘d't he (meth)acrylic
ester may be us g?]'ﬂe,ez %@%v%sﬁpfs?&@hﬁowﬁ{eﬁ%mm% HySié prdtea @Thdplesan. \VWien

two or nore o e use II’] CO[TbI nat_lon al'l)i)B o
copol yneniveatidroontaiing ke that awbuf 0.6 mtdeofdosiduabiselikyria agibind fOeMERIA0E t he

ik I i zati f be. kdABH T Hat h
2 conbi nALROBITTRG o M TRRL CHA T AR s B e o the

pol yner i zgbigfic d@idsystem (for exanpl e, sinultaneous addition of two or nore

nmononers, or separate addition i nt erval f | ME Rt Bityrat The A
bl ocks nay al §ég“€%§t§PWS F’&'er§5°%trfﬁ?°t183r°\égﬁ§h%fﬂ t?qngdr}\% n?fhbar Qtyn;%at%_%s ononer s
ment i onedy,fBibn bi@e Btk @8i#6of nlcthagslnisobiipdl avkhicsordingdo helpraseik snvieajore ont ai n
up to 10 nol percent, preferably the

AN t Al |
percdft, and Fagure dushais,ther P‘é‘feaﬁ?%?g‘f’\g“8‘?ﬂ°§0£%€altn§1’ (Z)J}Pr%}l&%lelé g‘elar_zt Pt he
vinyl ar ggmwﬁgmgﬁn@mpgﬁggmi n the B bl ocks. However, in the nost
enbo

preferre Iments, the A"blocks will contain nq vi non r

mentioned in tHigr® DHishewks thadelativs qepcpniraia Qﬁle&@ﬁgt icgﬁ%+eex\% 'n %PPel A

bl ocks may_.b percent of the total nononers in the A
%&uﬁﬁ%‘{% Q{Qhﬁn&ﬂmto? eJa?ofEﬁbn.

bl ock. NJ e ranges can I nclude all conbinatj ons, af nol..percents
listed herew Figur@6shiows amayehrenethend past i diy gpagnmen; (puElatige Aymigity) -

conpr ) sesseguent s of PP ehARAMShI High@EletRR Huenidighoner s
sel ecftSed 1 %ﬂ%ﬁ% s F‘?ﬁ?’éﬁﬁa&%{r‘%h“g m)nor?er, orttm)i-gsubsti tuted styrene
nononers, mneta-substituted styrene nononers, al pha- nethyl styrene nononer,

1, 1-di ph hiddd B¢seripti nvestion di phenyl et hyl ene nononer, and mi xtures

t hereof. In addition to HBER doRfaffhd BIvEdEopbBi¢rsbef or e,
25 the B bl ock er@ﬁe%?1%5%§ﬁ%@?2@%§%€§%oﬁgﬁ§?§d copol yrger of,sugiﬁmrmnorrer

(S) With gf thOpiest@tinventitinaney semadst tyoa fivmber Of diffstanh BTOEPRECS, F%B’S%rf@lo&}?d

m xtures thereof, havi vi.nyl ¢ . Of NyaCriZ86h, SBepBl-Nae cent .
These copﬁﬂlngﬁ%’ttﬂo‘:{‘lr&ﬁ%o%ﬂﬁf é’ag'g‘lgegigéeusoghg%ﬁ%%ega dom copol y%[g[lr‘s, _taper ed
copol yrer solyhakor; @a@ livitB o8 sabledemtraditdl edlytesizatiobu tAnipnic pplFMpTI%EAiign 1s
Accordingly, there are tw preferred str.uctures: I bbbt idRid! ocks
are 30 hydmseriheddelow 1 e ‘@%ﬁlﬁﬁs ﬁ?&n%f“’(?o?%ll R/ g}grpage?nsg gfr%fea géz}f gzgédé%eéndgu and t he
vinyl ar 0%81%&1&1’%&9 cSssE0ToR ndkiing bi@nieableck eqpolynsens] haeobdeardisclpsedaifeh t he B
bl ocks ar nsubsti tut ed . d herei

example, in U.S. Patent Nos. 6,391,981, 6,455,651 and 6,492,469, each incorporated herein

by reference. Cationic polymerization processes for preparing block copolymers are

25  disclosed, for example, in U.S. Patent Nos. 6,515,083 and 4,946,899, each incorporated

herein by reference. Living Ziegler-Natta polymerization processes that can be used to make
block copolymers were recently reviewed by G.W.Coates, P.D.Hustad, and S.Reinartz in
Angew. Chem. Int. Ed., 2002, 41, 2236-2257; a subsequent publication by H.Zhang and K.
Nomura (JACS Communications, 2005) describes the use of living Z-N techniques for
30  making styrenic block copolymers specifically. The extensive work in the field of nitroxide

mediated living radical polymerization chemistry has been reviewed; see C.J.Hawker,



18 styrene nononer bl ocks which are saturated by virtue of the nature of

t he nononer and do not require the added process step of hydrogenation. The
B bl ocks having a controlled distribution structure are disclosed in U S
Patent No. 7,169,848, which disclosure is herein incorporated by reference.
The ' 848 patent al so discloses the preparation of sulfonated bl ock 5

copol yners, albeit not the structures clained in the present invention. The
B bl ocks conprising a styrene bl ock at# described herein. In one preferred
enbodi ment, the saturated B bl ocks are unsubstituted styrene bl ocks, since

the polymer will not then require_a.se h t ) S .

addi {1 on A WHaRsHSR. 286 5 arty Chémical REGSHE TORID DY SROLEOE 200 A5 Buhly
one i npagh whorevRd biyRnicBlodkkeopolaiisnoul tg) mak dstipribitg ansttbierfree atdinab | ess
than 20C. One such exanpl e of an inpact nodifier %I oceﬁ.l;) onprises a
hydr ogenagcEaiqapest y%rm%POIWE‘EI‘&fﬁ% Prg¥en VSR Hﬁr@ﬁl i %dce? ogglf‘%rgaﬁ?rbm

I soprene m hods Qi BEHR Herendl 1Ming i Rbld f6d Reicalp¥nigization prydess; Gt Briot pr i or

to hydrogenation of between 20 and 80 nol percent and a peak nol ecul ar

wei ght ofprdferrefefortha ool apipnicRIoes®. Anot her exanpl e woul d be an acryl ate or

silicone polyner having a peak 15 nol ecul ar weight of 1,000 to 50,000. In

still angther pg ISgpuctdee D bl ock woul d be a pol yner of isobutylene having
I'M" Nt of

a peak nol ecuar wer g 1,000 to 50,000, Each bl ock i ndepen tly has
a peak nol ecuQse ofithegimporent prsstsAidhg presesbBveRtprIB3ieE ?%g}eoﬁﬂc%?&qgtg%h B

bl ock i “gﬁﬂf A %‘33&1& &ggllyﬂleﬁ?aﬁl oR &abdhenteinadtt bibal vaRRmIOuadd By0EO and
, refer y

about 30 each A bl ock has a peak npl ecul ar, wei ght of

bet ween PesétGoentiond wild havroat leest éwp pelvatealsnd ob euige Blocks Aotndapfdledsd 0890 and
even re_npref.e het. A0 ' | YIRRGEiFE R iwCk has
a pea{gomﬁ1 guﬁda‘;o%%g} 2%&%@@%%3&38&@%%6%%%%%&2gs{);@%gg?ﬁmre prclaf er:}tbl y

bet ween 20If@@Gorad c26H0B bDOK isarmwlyeneshlogk sescentibledp sWfopatia: ween 30, 000 and
100, 000. Note %&%e&#?rﬁc ! %g g%‘% tﬁég eni a? %ﬂf%}aﬂgfé%-lm %Rlﬁa!l(tgz’t(lAgﬁ%)gf(Asal d

peak nol ecul af ew use erein, e term "nol ecul ar
wei ght s" B-&5,81 6A-B,X PAIED-BA)A-DeB-Bel) Gr-Didl.@Dt (A-B-Ihe! (loB-RDRE, @oDyner or

bl ock of the ¢ . nol ecul ar, welght s fer 4, 1 hi
speci fi cﬁ)i%ﬁ'gﬁﬁgéggm%;ﬁ obgll’ﬁ’érﬁgfh%eah%ﬁ‘te Y glgslagﬁﬁetfg%ég@fﬂo%mc%ro gtn%)t’ ogr aphy
(GPCysusihng Bstplifid Y Qesidile 41daA] Bnargit Bnatarad siefised hereibéfored oertlee,ctbe di ng t o

ASTM 3536. GPCis a_well-known et hod L,h, pol yners are separated
accor di ngesignation AcBBaR-Asmapde ?Q‘l‘évaieﬁﬁé%v\%%bé%ul e eluting first. The

chr omat ot aph vick: el RicH B with BOTHRE LBIA (AN, GbiBDROL gXtayd ene
nol ecul ar wei ght Standards. The nol ecul ar i aﬁd&_ig)mﬁesfeﬁs t%r6§d usi ng

GPC so c&hi X structunes i the Tadjpl; sirustares (A-B
Such block copolymers are typically made via anionic polymerization, cationic

20 polymerization or Ziegler-Natta polymerization. Preferably, the block copolymers are made

via anionic polymerization. It is recognized that in any polymerization, the polymer mixture
will include a certain amount of A-B diblock copolymer, in addition to any linear and/or
radial polymers.
The A blocks are one or more segments selected from polymerized (i) para-
25  substituted styrene monomers, (ii) ethylene, (iii) alpha olefins of 3 to 18 carbon atoms; (iv)
1,3-cyclodiene monomers, (v) monomers of conjugated dienes having a vinyl content less
than 35 mol percent prior to hydrogenation, (vi) acrylic esters, (vii) methacrylic esters, and
(viii) mixtures thereof. If the A segments are polymers of 1,3-cyclodiene or conjugated
dienes, the segments will be hydrogenated subsequent to polymerization.
30 The para-substituted styrene monomers are selected from para-ethylstyrene, para-n-

propylstyrene, para-iso-propylstyrene, para-n-butylstyrene, para-sec-butylstyrene, para-iso-



19 nol ecul ar wei ghts. The styrene equival ent nol ecul ar wei ght may be
converted to true nol ecul ar wei ght when the styrene content of the polyner
and the vinyl content of the diene segnents are known. The detector used is
preferably a conmbination ultraviolet and refractive index detector. The

nol ecul ar wei ghts expressed herein are neasured at the peak of the GPC 5
trace, converted to true nol ecular weights, and are comonly referred to as
"peak nol ecul ar weights”. Preferably, 13 he sul fonated pol yners have from
about 8 nol percent to about 80 nol percent, preferably fromabout 10 to
about 60 no| percent bl ocks, nore re er abl e thap 15 M ercent A
bl ocks ahEFYEWg‘?’i‘emPaéa APW‘@W&%‘F’;/ ¥ ?arfﬁ%fygqgﬁ%%t BNl “1oPPér cent A

bl ocks. Fhkcyistyhé Wed MRMRE oITthy iabyle mmmmﬁs CPfafdsrmdepsa-v%sttﬂutedrmene
unsubsti t ut ed styrene nononer, ortho-substituted sIP Q‘HB ﬁg}o »

et a- s UbSIORPIHETS dFes PAFR-EHEY HERGIEPONORIeHH o MORRIMER 1Py h Shgjonorners,
1, 1-di phg ?1 Q&k ﬁl@%améﬂgf%ceaMS &es%edttﬁhﬁaw&ﬂhydr&y\efmpm&bmmtéche
sul fonat e copol yrer fromabout 5 to about 90 nol ercﬁev&,ly

pr ef e§ abbtyrene quzserabe ot logst D% 3tfo Do Lty ) least 9% e, and, £VeR poreRete
~embodi ”Egé %sréé‘/gvﬁgpﬁlg%eshédf)a{rg%ﬁﬁﬁl%dsﬂ;@eﬂe%@@&@f 80 nol per cent,

preferab om about to about percent, nore preferabl y from
about 15 to abben tHesA hiotkspee padymers @f Pthylﬁ%ltlﬁ?é’tber}ﬁsiffﬂetPrP@b’“}?éiz‘hﬁf YIe%m about

25 to about ¢idt arftdd vyle.wl C
conbi nat 8 lggl%?t& é‘?%gsltﬁtassulg%ﬁt hrgfegé\?l\ncfsqgggegrzs for thgpsat ur gatltgsd B

bl ock, i &. alpes gited fabovegwhighidodiosmnis henein ingbrpprateddiytrefsrengs. nif is preferred to
10 make the ethylene blocks using anionic polymerization techniques as taught in U.S. Patent
No. 3,450,795, which disclosure is herein incorporated by reference. The block molecular
weight for such ethylene blocks will typically be between about 1,000 and about 60,000.
When the A blocks are polymers of alpha olefins of 3 to 18 carbon atoms, such polymers are

prepared via a Ziegler-Natta process, as taught in the references in the review article by G.W.

15  Coates et. al, as cited above. Preferably the alpha olefins are propylene, butylene, hexane or
octene, with propylene being most preferred. The block molecular weight for such alpha
olefin blocks will typically be between about 1,000 and about 60,000.

When the A blocks are hydrogenated polymers of 1,3-cyclodiene monomers, such
monomers are selected from the group consisting of 1,3-cyclohexadiene, 1,3-cycloheptadiene

20 and 1,3-cyclooctadiene. Preferably, the cyclodiene monomer is 1,3-cyclohexadiene.
Polymerization of such cyclodiene monomers is disclosed in U.S. Patent No. 6,699,941,
which disclosure is herein incorporated by reference. It will be necessary to hydrogenate the
A blocks when using cyclodiene monomers since unhydrogenated polymerized cyclodiene
blocks would be susceptible to sulfonation.

25 When the A blocks are hydrogenated polymers of conjugated acyclic dienes having a
vinyl content less than 35 mol percent prior to hydrogenation, it is preferred that the
conjugated diene is 1,3-butadiene. Tt is necessary that the vinyl content of the polymer prior
to hydrogenation be less than 35 mol percent, preferably less than 30 mol! percent. In certain
embodiments, the vinyl content of the polymer prior to hydrogenation will be less than 25

30 mol percent, even more preferably less than 20 mol percent, and even less than 15 mol

percent with one of the more advantageous vinyl contents of the polymer prior to



aromati c nononers which are unsubstituted styrene nononer,
ortho-substituted styrene nononer, neta-substituted styrene nononer,

al pha- net hyl styrene nononer, 1,1- diphenyl et hyl ene nononer, and

1, 2-di phenyl et hyl ene nononer in each B block is fromabout 10 to about 100
nol percent, preferably from about 25 to about 100 nol percent, nore 25
preferably fromabout 50 to about 100 nol percent, even nore preferably
fromabout 75 to about 100 nol perceni6and nost preferably 100 nol percent.
Not e that the ranges can include al | conbinations of nol percents |isted
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isopropylmethacrylamide, ~N-tert-butylmethacrylamide, trimethylsilyl acrylate, N-

isopropylacrylamide, and N-tert-butylacrylamide. Moreover, there may be used a

multifunctional anionic polymerizable monomer having in the molecule thereof two or more
30 methacrylic or acrylic structures, such as methacrylic ester structures or acrylic ester

structures (for example, ethylene glycol diacrylate, ethylene glycol dimethacrylate, 1,4-



30 tenperature being one of the major factors taken into consideration. 21
Starting materials for preparing the block copolyners of the present
invention include the initial nonomers noted above. O her inportant
starting materials for anionic co polynerizations include one or nore

pol ynerization initiators. In the present invention such include, for

exanpl e, al kyl 1ithium conpounds such as s-butyllithium n-butyllithium t-
5 butyllithium anyllithiumand the |lke and other organo |ithi um conpounds
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t echni que. Preparation of radial (branched) polyners requires a
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and nore preferably from2 to 6, and X is the remmant or residue of 20 a
coupling agent. A variety of coupling agents are known in the art and can
be used in preparing the coupled block copolyners of the present invention.
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23 conpounds such as diglycidyl ethers deriving fromthe reaction of

bi s-phenol A and epi chl orohydrin. 3.Process to Prepare Hydrogenated Bl ock
Copol ymers. As noted, in some cases - i.e., (1) when there is a diene in
the B interior blocks, (2) 5 when the A block is a polyner of a

1, 3-cycl odi ene, (3) when there is an inpact nodifier block D and (4) when
the A block is a polynmer of a conjugated diene having a vinyl content of

| ess than 35 nol percent - it is nece!;%ary to selectively hydrogenate the
bl ock copolyner to renove any ethyl enic unsaturation. Hydrogenation
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sol vent s t)gkvb 3lgoB a4 860610 PRSIy BB Block 8BS 2Pk rAsIEcAne weight ofmwween
sul fonat e yrrers In the reaction systens of the present tech% }c))
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according to ASTM 3536. GPC is a well-known method wherein polymers are separated

according to molecular size, the largest molecule eluting first. The chromatograph is

30 calibrated using commercially available polystyrene molecular weight standards. The

molecular weight of polymers measured using GPC so calibrated are styrene equivalent



15 limting concentration of the precursor polyner, at |east during the
early stages of sulfonation. Cenerally, the polyner concentration
falls within the range of fromabout 1 w%to about 30 wt% alternatively
fromabout 1 wt%to about 20 wt% alternatively fromabout 1%to about 15
w% alternatively fromabout 1% to about 12 wt% or alternatively from
about 1 20 wt% to about 10 wt % based on the total weight of a reaction

m xture that is preferably substanti amy free of hal ogenated sol vents.

Note that the range of concentrations of the precursor polyners can include
all conbinations of .gh i 1drewsvhit fhay FRI codxerigd! ®, tride
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styrene unit sul fonation that cap be achieved w PREGI tation
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the ppes e%{“g%g@ bed technol ogy. The acyl group preferably is derived
froma 5 0 ,
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onds,

car bon- car'bon ‘doubl e ydroxyl groups, or any.other functionality

that is reehylityeneinbhoraayl,ldifheailethyeneraenomssaad 13&8‘?"@“@?‘%@? 1O Bnat i on

reaction .conditions,. Far I5aH REot vdimdldér et pfrberdbily from

quat er nar%j f‘os“i P%f‘)%glo n%%ﬁg%kgﬁ]%@g&?l?isﬁ f(r)(;cm tnr11eq)careb01r31yl bl{?glgf&{oonal ity
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(€. .15 acatoutsitofabbe: SSanclpemeritr dmaltarnative ppbediwents, thaayennt §dyony

deconpose readi | y. during I nad .0 i OmBfeSirefeqibl
oo R beabayosdratt! pwwrgfes%@ﬁﬁ@*%%é@ﬁ i?e%"?‘gﬁ;ﬁic?w%w@% e 4 i
t he scopegsh absR15ko @out 70MmoLyrsceht withithe gostereferrasibeiie é&?ﬁb%ﬁ @ bopty ¢ he

present technol ogy are those derived fr # - G i j d
anhydr i de) mehgetagitd Nt BF fheatns o ol il %‘ﬁ?‘%‘EP?Sé”?nﬁsﬁ}%r i de.
More prefgrably, the acyl group is selected fromthe group of propionyl,
n-butyryl, and isobutyryl. Even npre preferabl .t h kS

i sobu2Qryl . | tARSy thedirard Bobleskedn P ?r°£e§r8€ﬁ?§?§}fne§tutﬁ§é{()leg%:rg%mg f%gl?’ld hi gh
degr ees of . f i 20 yRsiDstiteledt sedey mohorherp lorthy-sybisttitedt styronerat i on.
The forrrarlog'%hécl) ggélgllssﬁﬁ?gtag@fromsa car%ygxgghgfl?ﬁth ride and sulfypic acid

can be 20moagnesemctcsubstitutpd FiFTeNd WRGOEEHe enic’ Moo
diphenylethylene monomer, and 1,2-diphenylethylene monomer in each B block is from

about 10 to about 100 mol percent, preferably from about 25 to about 100 mol percent, more
25  preferably from about 50 to about 100 mol percent, even more preferably from about 75 to
about 100 mol percent and most preferably 100 mol percent. Note that the ranges can include
all combinations of mol percents listed herewith.
As for the level of sulfonation, typical levels are where each B block contains one or
more sulfonic functional groups. Preferred levels of sulfonation are 10 to 100 mol percent
30 based on the mol percent of vinyl aromatic monomers which are unsubstituted styrene

monomer, ortho-substituted styrene monomer, meta-substituted styrene monomer, alpha-



Acyl sulfates are subject to sl ow deconposition during the course of

sul fonation reactions to afford al pha-sul fonated carboxylic acids of the
foll ow ng general fornmula: O 251 n one enbodi ment of the presently

descri bed technol ogy, the acyl sulfate reagent is obtained froma
carboxylic anhydride and sulfuric acid in a reaction that is conducted in a
separate "pre-generation” reaction prior to addition to a solution of
polymer in a non- 26 hal ogenated aIi%%atic sol vent. The pre-generation

reaction can be conducted with or without a sol vent. V\V‘lenyzile solvent is used
to pre-gengr V] lﬁuci RhSlethiviege fohoad andsl, pdipheryltetilyjene monomer
non- hal oaléené’?ség? egﬁr@r nat I ve1 Y, §1t hg acgl oful fate ea %ﬂﬁeﬁx@f&ﬁ Lgined in
an in-si tnleack Bclocknmare efarablyedpeit204p 7o Mmor REC f’%%r in a non- fal ogenat ed

al i phati g sobyent i LR sifohlion canbhetlideeh combingtims of ewbnt
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I n anot her enbodi nent of, the present.te I , Gitfatisn! tedofutiogagent
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condugt eqs ifirafkdS pBNRIRIIANE EENOUAN @ytlohexalaniinn iprmashaneb taddiord dHOt o a
sol utiion of polyner in aljphatic solvent, ,15. i : gRgth is
h The T andesiuh: he B Baipaint SRR AboU LT Bl AL Pt
al ter nat igl 4 it YBGP B bulife! Rid2aqd theloid emipoist amesponding tethe second
alternatively trom about 10%to about 46% f eg stulnf l'{fletgoihﬁ'ﬁlld?ﬁ’ {Bhtkgwher ei n
t he ol aracidit imolon afihypifpiieleacid sdnt thei 898¢ gUEFEBent® i the ol eumi s about
0.9 to aboy%%%méﬁc gglv Qnal \YsodiuhenyRorids il dtatue3 Sdagethsnotwaten i offbrd

preparedl?0 a carpoxylic 20 anhydride vig reaction with an jnation
of sul¥ urtheee andmbinto| Bherfirstendpaintiogrrespondsip aﬁ .Sulgml“t?f groppidn g‘c%ﬁa&‘ggﬁif‘%t e
reagent can repared fr.0 PR dcGd: aRd Secndendpoint carresportds to the
chl or osul‘g‘é#‘igg aﬁ%is ,°n Iag&%ﬂ;}é@?%ﬁrs tri o{l(ciq%e,, or any d(?grrbi nat|on .t hereof.
Mor eover , citRyRE ¥éid 12 satfeisoteygienacid and dhe B enApAYEESROP %S Dy i ¢
acid chloride via reaction with sulfuric acid. Alternatively, the acyl
sulfate n%?}d-be prepared from any conbi nati on of carboxylic 25acid,
anhydride, and/or acid chloride. The sul fonation of polymer styrenic

repeat umts wovéralliadyProvedsft P resented by the foll ow ng

genet g(l) Forml \%I:ith rzegard to the process to prepare the polymers, the anionic polymerization

solution with a lithium initiator.

process comprises polymerizing the suitable monomers 1n

The solvent used as the polymerization vehicle may be any hydrocarbon that does not react

with the living anionic chain end of the forming polymer, is easily handled in commercial

polymerization units, and offers the appropriate solubility characteristics for the product

25  polymer. .
jonizable hydrogen atoms make particularly suitable solvents. Frequently used are cyclic

cyclohexane, cycloheptane, and cyclooctane, all of which are

For example, non-polar aliphatic hydrocarbons, which are generally lacking in

alkanes, such as cyclopentane,

relatively non-polar. Other suitable solvents will be known to those skilled in the art and can

be selected to perform effectively in a given set of process conditions, with polymerization

30  temperature being one of the major factors taken into consideration.



sop The amount of acyl sulfate reagent that may be used relative to the

nol es of styrene repeat units present in the polynmer solution may range
fromvery low levels for lightly sul fonated pol yner products to high | evels
for heavily sul fonated pol ymer products. The nolar anount 5 of the acyl

sul fate can be defined as the theoretical amount of the acyl sulfate that
can be generated froma given nethod,, the anount being dictated by the
limting reagent in the reaction. Theétlmol ar ratio of acyl sulfate to
styrene repeat units in accordance with sonme enbodi nents of the present

t echnol ogy na%tagﬁ { R RO e Riridg e bideR @bpalyrcrs pf e preadst jnventiomisdhedet 0. 1 to
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mononer, Qi 3 St drélin@ekpSiaied BRI ByNefernce.met a- substi tuted styrene
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NaOH i n acomineBet distobitisn blasd, anditls ke gopelymerizafiop farms play pC REEE " i yor ous

renoval of by-pr.oduct .aci Bk vafekiYatRRASpI6&es could be midiieraed tbyldké ng
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pol ymer preci.pitatjon or.di ' trieQfs hokd b EHR rig@Rgnoess dre Whi ch
t he pol ynﬁ‘?ml?lgarﬂr?ﬁs%re 'ggflaesg%ggtg?gg%e?e%e%naﬁ%l ut i gﬁ)tyn?hat s?ﬂte ter the
styrene sy} {Qpkér theviscosity ef the iviapmylyensalutipa aélgw%,fpr,aprﬁgq%wt%}e Eti ng or
m ni m zi ng pol ymer assocj ative i ckening-lil h-Qke thh Wermatnstadilier wi se
| eads to gftHodymer FRRCNTTSNE 3‘?%@“%?5%6%2 Sélgéfg’e?g? gitﬂl&agﬁ is exenpl i fihgd by
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pol ymer product w not redi_ssol ye in e - véltjidahatic
sol vent bagainurp¢ucp8e@emsyows°£6‘}wY erﬁﬁf}‘go%%%flg?&éo J\I/%%?g@ %)?asol vent

bl ends such as tetrahydrofuran (THF) or m xtures of xylenes with isopropyl
al cohol . Evidence for the formation of sul fonated polynmer mcelles and/or
(aggregates) has been obtained via |ight scattering-based particle size
anal yses. In sone instances, dependent on the starting polynmer conposition
and sol vent selection, the initial polynmer solution prior to sulfonation
may be largely free of mcelles, as judged by light 25 scattering under
dilute conditions, and subsequently fornms such aggregates relatively early
in the sulfonation conversion. In other instances, the initial polyner
solution may be conprised primarily of aggregated species that directly
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30 copolynmers based on the different solubility of the blocks is well known
inthe art, see for exanple J. Noolandi and K M Hong, Macronol ecules (16),
page 1443, 1983 and J.R 29 Quintana, M Villacanpa, M Minoz, A Andrio
and |. Katime, Macronol ecules, (25), page 3125 and 3129, 1992. For |ight
scattering frommcellar solutions see A. S. Yeung and C. W Frank,

Pol ymer, 31, pages 2089-2100 and 2101:2111(1990). The presently descri bed

t echnol ogy uses non- hal ogenated solv s to formreaction 5 mxtures. In
accordance with at |east sone enbodi ments of the present technolog t he

react i ong J‘! SicH @R RfCorsiRsioanttial patmits @elynicrinaion ge highetitcmptwerrsswhiithe
en
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addi tion %PXRl g‘b l?’g g{%l kS ggls{a?gtﬁeé\e?% s _appr oach canIi | n {:{

i NSt anceSgos Ubsik ané bt ¥5, |aﬁqum@reﬂeeblytfrdm 2o Gfandey is thegempant oy fesidps ¢ht os

such as C3 acyl sulfate p tar{S aRfanB @by BB rused in
sulfo%(hti%)ﬁo ing 3getr <t § eftféltog ‘#émﬁl %Iﬁhl;?gtlldggmolf byapra(I)lducts | n ot her
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in the ran of ¥ rom about C to about al ternat i\ out 20
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range of ﬂr4@4r9533$s Welﬂaas QanadlmuP@telltd‘I%ﬂﬂﬁéﬁ rfaeiL MFOPATAR egein by | Onger
dependent he te tu r ONjivihNb&ReR:, pasd eprefethblyc yin-

sul fate e%ﬁﬁ%eﬁe?ﬂlgi? ? uﬁng)gzeé ﬁtss?ﬁ&%ee?gtnl %ln of car h?;%]wg ﬁgn de
and sul furdl\ﬁnyilﬂs‘dnﬂenel hmfmdtareatetmelkpammsesudf ay kegrarraethxygang( n be
about the sane as d qu 10. thoRIBARAET QUEMS),

Al t er nat i VeTagethaxpys @hl@?gg g’f‘rﬁ ﬁgﬁa& Qthgs Iﬁélﬁyturﬂﬁhan ?ﬁe |n($/ende)d
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t he acyl fate can be generated in-situ at about 20 C to about 40 C
(e.g., at about 30 C) for about 0.5 to about 2 hours, alternatively about 1
to about 1.5 hours, and then the reaction m xture can be heated to about 40
C to about 65 C to expedite the conpletion of the reaction. In sone 15

i nstances, the | ower tenperature generation is useful to allow for slow
H2SO4 addition - it may not be necessary to wait thereafter to heat the
reaction mxture. In sone enbodiments of the presently described

technol ogy, the sulfonation of the aromatic-containing polyner in a

non- hal ogenated ali phatic solvent can be carried out by contacting the
aromati c-containing polynmer with a sulfonation reagent in a batch reaction
or a 20 sem batch reacti on. In sone ot her enbodl ment s of the present

o b 1. R Y T
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use of a continuous stirred tank reactor or a series of two or nore
continuous stirred tank reactors. The nethods of the present technol ogy are
useful for the preparation of sulfonated 25 styrenic bl ock copol yners that
have utility in the formati on of nenbranes and coatings as described in
U.S. Pub. Patent Application 2007/0021569. I n sone enbodi nents the sol ution
of sul fonated polyner resulting fromjhe instant process can be used

wi t hout isolation of the polynmer to f6rm nmenbranes, coatings or other
articles either directly or with the addition of mnor conponents to

i mpr ove H?ﬂ%ogﬁ&sf QUIIBAC GighfcidyN iRt delvng Ifitoni sheatwmatironf disithepldAt ik the 30
met hods of the presently described technol ogy can be utilized for

sul f onat emighleroheding| asses of pol ymers, whet her styrene-containing, other
aromatic functional group-containing, 31 unsaturated, or otherw se

reacti vest onapgsessith Peéaire BRdropaasted Block €log & if they are capabl e of

sequestering sulffonrc acid roup fromth o oA ks, (2
i nt r anol ecul aAsmef igseme C#Srﬁfeﬂﬁowv%l}dﬁr‘e \j lsaalg(gi‘rirgeg%l;{?é;% léljbﬁc t hat (t%e
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reaction. Neu y&fqg?%%%ﬂogﬁaggggg%lgﬁfm{ﬁg@%.% Pat. Nos. eei i hast,
hydrogenation processes known in the prior art. For example, such hydrogenation has been

accomplished using methods such as those taught in, for example, U.S. Patent Nos.
3,595,942, 3,634,549, 3,670,054, 3,700,633, and Re. 27,145, the disclosures of which are
15 incorporated herein by reference. These methods operate to hydrogenate polymers
containing ethylenic unsaturation and are based upon operation of a suitable catalyst. Such
catalyst, or catalyst precursor, preferably comprises a Group VIII metal such as nickel or
cobalt which is combined with a suitable reducing agent such as an aluminum alkyl or
hydride of a metal selected from Groups I-A, TI-A and III-B of the Periodic Table of the
20 Elements, particularly lithium, magnesium or aluminum. This preparation can be
accomplished in a suitable solvent or diluent at a temperature from about 20° C to about 80°

C. Other catalysts that are useful include titanium based catalyst systems.
Hydrogenation can be carried out under such conditions that at least about 90 percent
of the conjugated diene double bonds have been reduced, and between zero and 10 percent of
75  the arene double bonds have been reduced. Preferred ranges are at least about 95 percent of
the conjugated diene double bonds reduced, and more preferably about 98 percent of the
conjugated diene double bonds are reduced. Once the hydrogenation is complete, the

solution can be sulfonated.



5,239,010 and 5, 516,831, and in US Pub. App. No. 2007/0021569, which

di scl osures are herein incorporated by reference. 15 6. Reacti on of
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polymer concentration below the limiting concentration can result in reaction mixtures with

reduced concentrations of by-product carboxylic acid relative to the higher concentration
30 conditions that lead to gelation. Further, the degree of styrene unit sulfonation that can be

achieved without polymer precipitation or disabling gelation by the methods of the present



Cto about 70 C The tine required for esterification reaction to approach
conpletion is dependent on the tenperature conditions, with the reaction
proceedi ng nore quickly at higher tenperatures. Preferably, the anmount of
time allowed for esterification reaction to occur is 33 sufficient to
ensure that the reaction has reached maxi num conversion prior to additional
processing of the polyner solution indp films, etc. 7.Process for Mking
Menbr anes The novel conpositions are particularly suitable for
produci ng menbranes with 5 excell ent performance characteristics. Such
menbr anetchnoldgydendpyctddise dars eageddsn ghose epertsdaivedhe (oatus g PR ERfer e t he
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propionyl, n-butyryl, and isobutyryl. Even more preferably, the acyl group is isobutyryl. It

has been discovered that isobutyryl sulfate can afford high degrees of polymer sulfonation

and relatively minimal by-product formation.

The formation of acyl sulfate from a carboxylic anhydride and sulfuric acid can be

20  represented by the following general formula:
o o)

) G D O
/u\ /u\ + HO—S§—OH ——» g_OH + R/“\
R o R I R i OH
o
O
Acyl sulfates are subject to slow decomposition during the course of sulfonation reactions to

afford alpha-sulfonated carboxylic acids of the following general formula:

Rl
OH

SOgH

25 In one embodiment of the presently described technology, the acyl sulfate reagent is
obtained from a carboxylic anhydride and sulfuric acid in a reaction that is conducted in a

separate “pre-generation” reaction prior to addition to a solution of polymer in a non-



30(b) spreading the fluid solution to forma uniformthickness |ayer on the
surface of the porous substrate |layer, and 34 (c) allowng the solvent to
evaporate fromthe fluid conposition resulting in a nenbrane. The
shape of the nenbrane includes a wide variety of shapes, such as flat,

tubul ar, round or according to a preform The only requirement is that the
nmenbr ane be reasonably 5 uniformin t¥ ckness. Anot her net hod for

maki ng the nenbrane involves pulling a porous substrate through the fluid
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after 72 hour & grotherembodiment At fis; ;rriesr?ap%glgné)?oggt ey 'C‘F‘mgﬁelté%%g\?gladnéﬁbr ane

pr ef er ablyyiaas fdm Ledbbilic SMYERMY andfoleual enteamion ties $ dohdusteddin byseparitght |,

nost preferably [ ess than 0. 5% by wei %{;t. ES_ 't .has been § rJ?iEis%ivré | y found
that t he “PSvESNCTAINR TSFREEN PEIOE R AAdIIgn f A csefubion of RORERF 4 #HR

I'nat’ndspheres

W th yeat %h\e;ﬁi@ﬁfén&e&ﬁrsueﬁg@ms ROl ra8g) ¥ERbS sboah 1%Stoadinah60% bee adfuers
present). en water is used preferred conditions include relati V[ﬁ hum dity

great er  tifieidel @lgrmasivelyefrern [aposr ¥a e pbaup 4A%4er, SUHHT (i, alistnatiyely to any
parti cul g L Neor ¥y JlleadRifRk Wit Miokils, AURRPORTR HERMFatio®IAhpkidhs

sul f onat eéo I'ocks To relax uring casting 30 leading to a nore honpgenous
menbr ane sulfigfc @idRreseatrin kelanin iRgbat 019tg st @nat ed Pol ymers The pol yners of

t he present inventi di t egue f »RErID foRd &CLark&
sul fonated i ngt‘ﬁgwflqpyertﬁ%ra %%%%%?\et r%gagn%“o?g(?h% .BI ggk copol m;r.s ?’lr;lgnti oned
aboveq e .aghydrids viecticr witk gmg ndombinatiors &f wnkitré acid,i Pewekoc SPHr yiHeHde. have a
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chlorosulfonic acid, oleum, sulfur trioxide, or any combination thereof. Moreover, the acyl
sulfate reagent can also be prepared from a carboxylic acid chloride via reaction with sulfuric
acid. Alternatively, the acyl sulfate may be prepared from any combination of carboxylic
25  acid, anhydride, and/or acid chloride.
The sulfonation of polymer styrenic repeat units with the acyl sulfate can be

represented by the following general formula:



I nventive sul fonated bl ock copol yners are not crosslinked, these copol yners
may be cast into nmenbranes or coatings. In the casting process, the
copolynmers tend to self assenble into microphase separated structures. The
sul fonate groups organi ze into a separate phase or ion channels. Wen these
channel s forma conti nuous structure spanning the distance between 10 the
two sides of the nenbrane they have @7 emarkable ability to transport water
and protons. It is the integrity of the phase forned as a consequence of
the separation of the end segnents, which provigdes ty ie nenbrane with
strength. As tfhe. eld segnengs haye little or nes pnate funcgionality,
they are resistan{ 'to bein | aslti ci zed by,t he addijtion of watkr, as well
as by net hanol . is tThi§ ef PeT:ﬁ_f)Hat allows th ner at i orRof “Renbr anes
wi th good wet s it h. 15 The har dness and fl exi y of the nmenbrane can
be easily adjus In two ways. The styrene contel0f the interior segment
(B bl ock) of the precursor block copol ynmer can be i|lncreased froma | ow
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rates of zpout 0.1 to aboutl.5, and even more preferably from about 0.1 to about 1.3.

10 In accordance with at least some embodiments of the presently described technology,
the degree of sulfonation of the vinyl aromatic monomers susceptible to sulfonation in the
block polymers is greater than about 0.4 milliequivalents (meq) sulfonic acid per gram
sulfonated polymer, alternatively greater than about 0.6 meq sulfonic acid per gram
sulfonated polymer, alternatively greater than about 1.0 meq sulfonic acid per gram

15 sulfonated polymer, alternatively greater than about 1.4 meq sulfonic acid per gram
sulfonated polymer. For example, after the precursor polymers described above are
sulfonated in accordance with the methods of the presently described technology, the typical
levels of sulfonation are where each B block contains one or more sulfonic functional groups.
Preferred levels of sulfonation are about 10 to about 100 mol percent, alternatively about 20

20  to 95 mol percent, alternatively about 30 to 90 mol percent, and alternatively from about 40
to about 70 mol percent based on the mol percent of vinyl aromatic monomers which can be
unsubstituted styrene monomer, ortho-substituted styrene monomer, meta-substituted styrene
monomer, alpha-methylstyrene  monomer, 1,1-diphenylethylene  monomer, 1,2-
diphenylethylene monomer, or a mixture thereof in each B block. Note that the range of

75 sulfonation can include all combinations of mol percents listed herewith.

The level or degree of sulfonation of a sulfonated polymer can be measured by a

NMR and/or titration methods as known to people skilled in the art, and/or a method using



wat er and/ or proton transport across the nmenbrane, exceptional barrier
properties for organic and non-polar |iquids and gases, tunable flexibility
and elasticity, controlled nodulus, and 30 oxidative and thermal stability.
It is expected that the nenbranes woul d have good resistance to nethanol
transport and good retention of properties in the presence of nethanol. 36
As these menbranes are not crosslinkegy they can be reshaped or reprocessed
by redi ssolving themin solvent and recasting the resulting sol uti on; they
may be reused or reshaped using various polyner nelt rocessﬁig 0. An
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the py ese”‘i 3{}9, '13 'oP 1A bféﬁd{aﬁﬂ ak lfbtﬁhycﬁéﬂu&mmﬁ:) appiiiteat bHRylems dvithnd

uses. aV| ng sel ectively sul fonated |nte[\r|or 30..bl ocks will

find ut| |1g¢p;opym aaqmpbn c Avidenee vibreths fomaationndl safenated oPOLYBImHELCS ERUt h,
good wates a %?éﬁ%ig Ee ggap Jg%ﬂ% q {Q%agﬁﬁgswss@ parfieRGiZinaRR@l Inesingt ance,

easy fil rkeggre ri‘er _properties, contr% .0f.
f1exibilijhtafeg dpastntcon ms seaiingspalipher ¢ranmonisan and selvem selgeliono fiedaitiel e

stability are i m ortant. s@ﬁo,g%ﬁlge}ﬂ%%g'bgﬁ%tgd? frdeN6r RERAGN ks hmgg([nb Qight t he

GC
=

i nventi vep(%ml '88 PS’PB&‘R in el ectrochem ca

appl igatigl g%ﬁer@uterboﬁmbnsp gid sibfegeqalydomrs sphlasggregaiss slaiyeleaHuiye

nmenbranes uel cells, dispersions
the sulfonatlon conversion. In (?chersmstances [he mltugl polymer solution may be comprised

primarily of aggregated species that directly sulfonate with minimal change in light scattering

profile. In yet some other instances, the initial polymer solution may be comprised of a
mixture of micelles and non-aggregated polymer. Formation of micelles from block
30 copolymers based on the different solubility of the blocks is well known in the art, see for
example J. Noolandi and K.M. Hong, Macromolecules (16), page 1443, 1983 and JR.




5 inpregnated carbon particles in sulfonated pol yner cement for use in

el ectrode assenblies, including those for fuel cells, water electrolyzers
(electrolyte), acid batteries (electrolyte separator), super capacitors
(el ectrolyte), separation cell (electrolyte barrier) for metal recovery
processes, sensors (particularly for sensing humdity) and the like. The
i nventive sul fonated bl ock copol yners,gre al so used as desalination

menbr anes, coatings on porous 10 nenbranes, absorbents, personal hygiene
articles, water gels and as adhesives. Additionally, the inventive block
copol ymeQainsme, Ms¥illacamy; M. ddtriozeAchndr and laKatime.ddacremolecules(45), page

appl i cat | r.anes.. ' fakfelge bt d NEL es
coul d prg%\agqégrl%%ﬁgg 5 6?8#%%??%?1& rgé%]ﬁggélﬁ&m%e}%i?%hnggmﬁ@el enent s
(wi nd, r &aik, Bol@iér, Xlhpages 2089a2j000sd 211621 4(1980). agent s) while offering a

| evel of confgrt as result. of. their abili e : wat er
from one si de%‘? P’Eeﬁeé‘?lﬁéﬁfflr‘éﬁ%%@n?q%ﬁr‘fsgs P%d'ﬁz%%éeg%t%‘g ?(?1 e. gi.o?lfogflﬁgh\%}l%
DI St §Ir € nfi%teid P ah SPEdrddnic® WithCatelsasa pemé rembodilments offthe presént ttepbmelogy: thé t he
wearer to the outside of the, rane. or fahri ngd. vi g
encl osur Eaglign PIHEKSE ¢ M%@ﬁ?yg&% r&n@%"%ﬂ%ﬁ é%lr%?lgss nﬁl ght{&{pg%?%e(g%%# i rst
resr)f)ndegglvé};ts bEDLS Eﬁ&% &lfmohed,gmﬁlr@elﬁkcyllipuam aydra@oisons ewithofrer:)mellbeut ate hemi cal
spill, or various chem cal or bi gl ogic agents are ibility. Simlar
20 needs abgut 42 carhonse dixamplespfuf ?P‘?H’T’éai"%ﬁ&g?‘?iqi‘feglr’sl’?C?‘é‘%(r)g@raﬁ no\;[\}%lrlt8§
exposur e} %¥Q5&k?,%i, ﬁ@{h%,iaﬁaaﬁél&né, Sydlopehtafte, cisiEbrat, cgdlonemesisebettages

ese

fabricated rom ypes of nenbranes are ot her ao‘gl i catio&s.that could
be ud8f uhekanedsohswingan-hentarie; SAhRpADE, IPEIANG BQOGES NQUaRE Jogans ARd AUXECE y hes of

nmenbr ane | ' i Ma®ik b bolliak paintiafse Gibbwi 70rtebi al
propertizlée?"g’g} %%ﬁ%%ﬁ?ﬁbﬁﬁ%ﬁkﬁk‘?ﬁf‘%@é‘a 6%537 5%5, 6%% 182 6,028, 115,

6, 932, 612ban 2225 G, Prefred monthalogenated solvstsearet srslohgme.s myyleaclehaxpifiat es

act as inhibitory agents agai Lmspodel iNgdre Nppéferiel Usdn-and HSV
(herpes SYH{RS néi Fgcgféll.epﬁaﬁ&peﬂz&éﬁa é{hg:/’giq{el?f{e?’u%sppl i cations, gﬁéneer?br ane or
fabric ohalobenapriaskaits imvpritlienme nathyloyelblxenea Apisiures thereef. vapor from

erspiration i ravi di ng_.a, barri I ' fluids
Bnd 981 11 ret ﬁﬁh‘sﬁ’tﬁ%‘ @f“f’&ﬂ&?ﬂ‘abg’éﬁ{eir‘%tesé‘g? %3?%@\%2‘? Sté% ip?ég%ﬁné%%ﬂﬁ%%% d be
advant aggelmer MiIS@g@bgdtddp s %eymesfqraﬁd bt foreatutfonation even Wheaesinglanen-adul t
i nconti nénce constructl| ons u e i ovenent s r
t echnol odplegenatedpsolveat @aweﬁ\ﬁﬁéasegw gﬁ" e&s%)gfrﬁfl ﬁ%a‘;f; fgx:gﬂt Fea% rkt%ﬁlg Wt onat ed
pol ymer 38 o@ihedts! dfikS prlegf feehndMgy) &l ddaition of a séddndnofi-halogermtekifatipketied
pol ymer between a liner fabric and a shelk fabriai. ngﬁcss% fegpcted
bl ock cojsolvgmide & setiomef the preasoriPRYENF i iEhRoihalgepated aliphatic sOlyent can e
ar {1 G°S et bi'asBi the - Rrmlidi” TYERMARSRIBRY oBfgeedatis S In this ipadrice.cul ar

e

preferably, the precursor polymer to be sulfonated is substantially soluble in the first non-

halogenated solvent, which can be, for example, cyclohexane, and the sulfonation susceptible
block is substantially insoluble in the second non-halogenated solvent, which can be, for
example, n-heptane or other aliphatic hydrocarbons having a boiling point range of about 70
25  to about 220° C. In some instance, the pre-formed polymer micelles can allow the
sulfonation of the polymer without substantial polymer gelation at considerably higher
concentration than that can be achieved without the addition of the second solvent. In
addition, this approach can, in some instances, substantially improve the utility of more polar
acyl sulfates, such as C; acyl sulfate (propionyl sulfate), in terms of polymer sulfonation
30  conversion rate and minimization of by-products. In other words, this approach can improve

the utility of more polar sulfonation reagents.



5 sul fonated bl ock copol yners could be used to contain and/or distribute
wat er to the super absorbent particles. For exanple, the super absorbent
particles could be encased in a filmof the sulfonated bl ock copolynmer. In
ot her enbodi nents, the materials of the present invention will be resistant
to bacterial build up. The use of water-swellable, generally

wat er -i nsol ubl e absorbent materials, gomonly known as super absorbents, in
di sposabl e absorbent personal 10 car roducts is known. Such absorbent
materials are generally enployed in absorbent products such as, for

exanpl e, di apgfSeufoh ol irf@iRRitveenaBelhéyl bultastand erooatiprotuning PORAET eni ni ne

care products 1n order to increase the apsorbent, c (o oduct s,
whi | e r e stgenibblock eapotyaners) |9 fhe prasgrtly ‘f?ﬁ%?ggeﬁk‘“&p e‘%g généi?gg&]%ﬁﬁier ally

present as C i te. I sOsHANL0PA RS abdue 4 S¢°SARtermativdy itionh

fibrous R&f t??nxt,%ggg%#eg?o%e ?ra rgi())t; %lc?f wood pulp 15 bf | U%Ot’ éte@atti%l wood

pul p f1 ubbouy2orat @l dbputHAE° @,mltamg@vqhseﬁ?m@h?}agpt‘;}“b‘f o B0, & BEHENEY 5P i qui d

per gramof fluff. T a0 ghs afcTABY° @ Gney @tlabgutis8le an
&B"éééc{: &abé)pg’é?ltrf%fteﬁm{ bth abdt alo

absor Benf east about 10 grans _of |iquid per gra SAM
desi r abl \)ofThatredctiars timaloanibe #0thgrengs b from K @a‘bérm‘g}‘tﬁﬁ? g?pr%%w{aa?g%‘ of t en
up to about 40 grans of.l] gui r c2004n. A4 lsome prferbadylnelfite of t he
present PAYVERE }ogﬁ?r[?qqgndsea %ﬁhgbeggjfﬁg%?mn%%éri al _cor?p i files a. gtgi um sal t of
a Cross- leibk@icheR® hhwﬁﬁlyjeii@-smfedctioﬁlﬂfpabbé’l@ﬁp@fdn§6§'§{ ic ﬁﬁa §uyue
include, but are not lim.ted .to: Dow, AEA- 177 dndnmtrred safemmtiont h
avai | abl dRReFRORY @A SFRIEAT TBENFASS bﬁaﬁ?\%n%? Jsﬁhﬂgﬁa?; Favor SXM: 880l

avai | @bl gedclioiMetpRfhiauaeBmatively, tef infiab enporatue may be lovws i the Rtengisd

avai l'abl e from Tonen Anerica of New York, " DR-acZuikde0

avai | abl eubseapanpautfongtiongeacHpy E?ﬁ}peﬁg%?'s %ﬁ?ﬁ,%‘%@%glé)wg%?yt taﬁy?e1 absor bent
CONPOSi t &5 @f (LAR BT HSENat HOEEDIIOR sbont 4 IC (el aalbbens S ior Beapt Sidrer

£
absor bent nat&rial s in conbi nation w th the sulfonate RPQheer s of
the pr eseabouti hhans, abematiysty abagll | 1 o8k h‘i”‘ﬁﬁ 4 dﬁeﬁ?%euxga%? % g,;nt ai ni ng
one or r f1of ERE QbSut &8¢ ertb axpeditbnid tomapletinnsofshe reagigone o't 0Mgs f or
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in the interion ssagrebdimegtstofiee presdndy|dgscaibed FeSANQIORYy HICSHIQRANE ?both
sewage and i ndustri.al te).pi k eatiBndticl dbichi édnelse cdrtiedouti tye

nanner , p@P%‘@nﬁmP%ﬁpgégﬁ%%?%@gﬁg%n na%night_1 be used to, inhihit nold

gr owt h oncdrbRtisHhE arBmtictomainindipnlymeawish i stlonatiproassgbinhaied FATHONE 3
inhibit the gromh of |arger or ni.%{gﬁ Anbeciotioy] the Buldtatieh ng
foul i 3y i e ?Chﬁgacﬂ‘é‘}-iﬁ’eﬁ%gﬁﬁ%i‘eéa?%%%s. tfg'?(ﬁrits iL{no&/n to usgg t he

sel - asseghl y &BdUHe iPf cSftingaisireativn,suititiocmt ecbnbblod Kocapapipniiraughdhe t he
constructron of humdity exchange cells as ri | Anthusus Sat&NtaniNo.

6, 841, 601usel of & pantinugns|stiered fagk TE5HY Wy K115} g‘teﬁ‘g’ J|€)‘lr)‘§£s;r§nétani nventi on woul d

al | ow therefa%{si cation of nenbrane el enments with good wet strength and woul d
not require reinforcenent. This could sinplif 0 th ' N

menbr ane ener gfhe ecthpds of the\present temﬁl%\%u%%ﬁ i‘%r t\%\‘/? if)e%rgrlgﬁéé Pgl&%lﬁ)gﬁc as
TYVEKCL) suppl iad by, Pybant e GHlifySRlthy forsmeson of Membranenstircoatingsns t o
keep Ezﬁe étp'geﬁﬁ’nﬁg(:ko?()pw n%l&at}ll v(a}e.gt.helfryqfrom enetrati ngﬁ)‘?e SxuerdflioRf the
house. | n ds@fibedsinvi.8 orubePatent Anpllgatnpééﬁ%'ﬁp%g%o@éOWBte RS s SoLg
transport of water vapor Lhbp el SoQbs dhbehgetwitidut isotation bethal t

t hat condl"??‘ﬂil?\gat%i’o‘?'ﬁgr6’?@{}\##&%?&%111%5& op in.the val l'tﬁ %5 f.t.thog hone.
A assenblyylvafee RRford rienthmnes)| cpatings oobthehartigleeaidit dirrl of Fh ¢ @‘ﬁ‘l‘ 1% Bvi de
equal |y good barrier performance wth 1288 fso abdtenplaed afat et i ve
escape of DHAPKAOMPARBYS PAGRIA e\ﬁﬁgpgm%n%ptggglg\éggse. in a sjt?nﬁ? ar way, there
i's a nged f ko opaipkdentiRtesdribed tekhirolazyraer be utilizet fon subforatipg Oher dAsEAtt f or
wat er "vapor. This need is critical.in homes (SRBIC &bEp-Sdrdining,

const r uct ipolymger avhger r sWIEBGPNR B &N ‘?ﬁ%r caéz?l&clf%ect gﬁggn be %i gpni ficant in 20
periods of high humdity or excessive rain. If the carpet backing does not
transport the water vapor at an equal rate, the build up of condensed water
bet ween the back of carpet and the surface of the slab can be problenmatic.
Car pets backed with a polynmer coating based upon polyners of the present
invention could overconme this problem The sul fonated pol yners of the
present invention may al so be used as flane retardant 25 nmaterials -
particularly for spraying a flanmable article in the path of an advanci ng
fire. Such sul fonated polyners may be an excellent "carrier"” for
conventional ignition retardant materials, which tend not to be conpatible
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40 Further, the copolyners of the [ [
, present invention can be c i
gfggL ggggf;ﬁgﬁg S?ttﬁdversely af fecting the copol yner prope???ggnd$ﬂemnth

_ e present invention may be blended with :
vari ety of other polyners, including ol efi wihalarge

ety _ ;1 lynmers, styr
tacki fying resins, hydrophilic 0 nd ot i yrene pol ymers.

_ _ ) pol ymers and engineering 5 th '
resins , with polymer |iquids such iopjc liquid ; e Er aor
and with fillers such as nanocl a t O, Al | kL f T adrances

W : ys, carbon nanot ubes, f ’
traditional fillers such as talcs, silica and the Iike.u:Le;SSFfioﬁndthe

sul f onat ed. ol YITR Sndfild Eade afkdsisINSALbwragays, bepettlbrid sy i gepable

conventi yrene

en dh -
such as bhﬁeqméktermgrsell&&limcgfbgfgwﬁéﬁ%ry%‘ggs] %\g"j}’?sni\é#%un /ri%{'r%%&%cmap%uw@l yme e

sue _ : raton Polyners LLC.
bllack sopbrRrLLtliy dBBRER ok B B e e o boreoesls e
o 5. Als e r; ock copol yners based on

yrene @kggﬂ]@g\@elalﬂonmmndmbgatw@dmhpbﬁﬂcéahvéﬁ% and sel ectively hydrogenat ed

radi al bl ock copolynmers. Oefin polynmers include, for exanple, ethylene

honopal yrer's, eth -
prOpyISeng/‘?al D (1Y é btk Sﬁ’lk(fifaltéil weRol ynmers, propyl ene honopol yners,

honopol yners, Ansther embpdiphtzofche ;Ieﬁenk g‘ﬁ’&%‘ | a.*% tst? p‘g‘!ﬁ‘%‘%g Oﬁ?é{rlee %%Siﬁ%ﬁ E)IY(%—‘?fﬁ |nﬁ

copol ymers or interpol ' PO
g e s S ot s v ey g el

e cusbcbsaiel e pomentusoohs gt 06 SBEIE PO,
B iRk LR ite s =y
densi {0y PRI Hoamirkl(BREor fiagsscpietion ip thoblpek S e mprogs gy
are et hyl orhydeeeshen %’m&%’w}’ a(.ar{dh %ln?a% st RER impfdvBStectity sRnS sl foaatedipelyiner eunder
from the byproducts of the sulfonation reaction. Neutralization is taught in U.S. Pat. Nos.
5,239,010 and 5,516,831, and in US Pub. App. No. 2007/0021569, which disclosures are

herein incorporated by reference.

15 6. Reaction of Sulfonated Polymer Solutions with C, to C4 Alcohols
One of the key aspects of the present invention relates to non-sulfonated residual

carboxylic acid that is formed during the sulfonation of the block copolymer with the Czto Cg
acyl sulfate, for example isobutyric acid formed from isobutyryl sulfate generation and
reaction. The amount of non-sulfonated residual carboxylic acid that may be generated is
20  generally in the range of about 0.08 to 30 Wt%, based on the total weight of the solution. It is
important that the amount of non-sulfonated residual carboxylic acid in the solution after
sulfonation be less than 2.0 wt%, based on the total weight of the solution during the
sulfonation step, preferably less than 1.0 wt%. Otherwise, sufficient residual carboxylic acid
will be present in the membranes or products made from the sulfonated block copolymer
25  solution, and it will result in internal stress and will also be odorous. What has been found is
that the level of this residual carboxylic acid can be readily reduced by reacting the solution
formed by reaction of the C;to Cs acyl sulfates with the precursor block copolymer with a Cy
to C4 alcohol. C; to Cq4 alcohols include methanol, ethanol, propanol, n-butanol and
isobutanol, with methanol and ethanol being preferred. Methanol has been found to be the

30  most effective and preferred since it is the fastest reacting and results in the most volatile



acid (EEA) copolyners, ethylene/nethacrylic acid (EMAA) iononers,

et hyl ene/ vinyl acetate (EVA) copol yners, ethylene/vinyl alcohol (EVOH)
copol yners, ethylene/cyclic olefin 25 copol ynmers, polypropyl ene

honopol ynmers and copol yners, propyl ene/ styrene copol yners,

et hyl ene/ propyl ene copol yners, pol ybutyl ene, ethyl ene carbon nonoxi de

i nterpolynmers (for exanple, ethylenelﬁﬁrbon nonoxi de (ECO copol yner,

et hyl ene/ acrylic aci d/ carbon nonoxi de"terpol yner and the like). Still other
pol yners included hereunder are pol yvinyl chloride(%PVC) and blepd of PVC
Wi th ot heg MoheLisfsl calfdRYN0 Sitbispotvertad © anresteudad sychesERAFFHME O a\}‘iet al

pol ystyrene, high inpact polysiyrene,. nmedium.i Sthoi cesses.

st yr ene/ dwnytho porrespendingaisyisy g 15¢351°% %F%%%?Fgﬁﬁgyﬁﬁiybutéﬁ?ﬁne 41 ( ABS)
pol yrmer s ¢ syndj ot.act i6sRidt ¥hkars @Neffensivt fodogsinde, ot ponples mettai @nd ethyl

styrene/ ol'et1’n copol yners. Representative .s enel/. ; BelivaEssS, ar e
subst ant iisabutyrateaarel oftere tiseg| as fEagEANGS “@66@P&%& %&dgég&ggg%?y éontai%ing at

| east .20, nor fa52b Gof theleftat Brshowmabela®, employing probwimmt
copol9neP%§%8§§¥§§éﬁé@ng%%ﬁggahggor the purposes of .the specification and
cl ai ns, ts{mﬁatéﬁtmméfmgithm@ﬁmgndﬁé‘hm%%@ﬂ%é or@ﬁ"ﬁ’?‘oencorrpasses the various
pol ymers such as for exanple thernoplastic polyester, thernoplastic

pol yur et hane, poly(aryl ether) and poly(aryl SHIfone), pol ycar bonat e,
acetal resin,opolyam de, hal ogenated thernoplag§tic, nitrile barrier resin,
pol y( nmet hyl t hacryliat e) ciqloft cycl-i—e»el ef i rst ai® further defined
in U S 4,107,131, the disclosurell0 whi ch is hereby

i ncorporated by reference. Tackifying resinslinclude polystyrene bl ock
conpati bl e resins and rubber conpatible resins. The pol ystyrene bl ock
conpatible resin may be selected fromthe group of coumarone-indene resin,

pol yi ndene resin, .pol.y(methyl_ i [ f5ieRidufl Wapbokyliceardd best least 0.9:1,
Bﬁgﬁggﬁ,?gF@erhpgﬁﬁaﬂm u

vi nyl ¥l U KO rene resin, alphamethylstyrepe resin an
pol yphenyjreeabRihi®1 to #11, & peretrrefotebly 0551 ¥ 2:16 A %Wﬁy&- ’f}“f’fa h‘éﬂ@ﬁ‘g‘rﬁ’e

ether). Such resins are g g. sold :§ ARRITBE 46 1castRBGUMRES. , THeENDEX"
" KR! STAL Eobtain ‘ek sgety gt 3ﬁé%sﬁf‘%f%fgiﬂﬂ%ﬁg£?ﬁ? Conpat i bl & i th tEe

hy dr ogenat g fihtitheeadtion peddacss wetpr del edher e aqyihbrme et g%@%?ﬁn% g 8% ng of
conmpatibl e 5 Mydrocarben & soudst cEHRORRR" Bebalt AMARAAI R Tk sifint

molar ratio of the alcoho

15  equilibrium of the esterification reaction away from desired ester, it is important that the
alcohol used in the reaction is low in moisture content. Preferably the alcohol contains less
than 5% H,O by weight, more preferably less than 1% H,0 by weight. When the molar ratio
of methanol to isobutyric acid is 1.5:1 and higher, the esterification level is about 98%. The
selection of the amount of alcohol to be used may be dependent not only on the degree of

70 residual acid esterification that is required, but also on the properties desired in downstream
processing into films and other articles (i.¢., role of solvent in film formation, correc-t I.)haﬁe
separation, etc.), and also on the properties of the alcohol treated solution, corrosivity in
particular.

With regard to other conditions, the temperature for the reaction may be about 10° C

75 to about 150° C, alternatively about 20° C to about 100° C , and also alternatively about 20°
C to about 70° C. The time required for esterification reaction to approach completion is
dependent on the temperature conditions, with the reaction proceeding mote quickly at higher

temperatures. Preferably, the amount of time allowed for esterification reaction to occur 1s



styrenated C5 resins, C5/C9 resins, styrenated terpene resins, fully

hydr ogenated or partially 20 hydrogenated C9 hydrocarbon resins, rosins
esters, rosins derivatives and m xtures thereof. These resins are e.g. sold
under the trademarks "REGALI TE', "REGALREZ", "ESCOREZ" and "ARKON.
Hydrophilic polynmers include polyneric bases which are characterized as
havi ng an avail abl e pair of el ectrons,; Exanpl es of such bases i ncl ude

pol ymeric am nes such as 25 pol yet hyl eneam ne, pol yvi nyl am ne,

pol yal I yl am ne, pol yvinyl pyridene, and the |ike; polyneric anal ogs of

ni t r ogensFaebmitoicngirértiae theakactiondhs sachsd| IENYM LAPRESIO Bigor 3ddEivptl j | e,

nyl ons, ABS, pol yurethanes, and. | ke; polyneric anal ogs of oxygen
cont ai ni H’@W?ﬁ‘ﬁ’éBﬁtHagdwghsog“oﬁg}t@ﬁer %tg'et hers, esters, and al cohols; and

aci d- base hydrogen bondi ng interacti ons when conbined with glycols such as

pol yet hylene Blocessifor Makiin ene 30 glycol, and the |ike,

pol yt et rahydr of uran, ester. I nel udi hidddndé Svith
pol ybut yI enet &M% BRYH LOTPE l%qgi %g%ﬁ%ﬁ%ﬁ;&é@?g{»ﬁgﬁgﬁﬁgzﬂfg ke), and

al cohgl S efdeNédt UpkrRgmantd plniryoréristicsal c Ol Ymengaines sinsbiar (ldefee afitnditgar ches.
Gt her hydrophilic_ polyners that, e Ls

pol ystyr éﬁ@grmi@&?ﬁ?@% iwz’ﬁfecfge g%g'ﬁﬁggtc{l)%t%llﬁggﬂb#lg’%sgggﬁ%%ﬂ@g%%ened wi th
the pol ygpichated pbliedis @siinlayerores support,tand (4)roontings| These swsnibranes 4t used s or
gels. lonic |iquids such as those described in US Patents 5,827,602 and

6, 531, 24P%W¢P(Yﬁ“®’ﬂﬁ"é’ﬂ“@§‘8¥‘%s are herein incorporated by reference) could

be i ntroducedri R chiish FiHHeoDasvedks PRkivIe bocesstshéor frpduived Kiengrembranes/i ous| y

cast nenbrane, or by adding to the sol vent .system before castling.
nenb@ne desctibesh Bbora: %ﬁgﬁﬁ standipig, mempbranes g2 EISFPB'?éa AL GRS ? h%‘fg %é Ul ness

solution comprising sulfonated block copolymer, ester of carboxylic acid and non-
halogenated aiiphatic solvents of the present invention, and b) shaping this solution by
processes known per se, such as casting, doctoring, spraying or centrifugal processes, to give
a membrane. In particular, the present invention relates to a process for preparing a
15 membrane, comprising:
(a) applying the fluid composition of sulfonated block copolymer, ester of
residual carboxylic acid and non-halogenated aliphatic solvents of the present
invention onto the surface of a removable substrate, preferably in a humid
environment,
20 (b) spreading the fluid composition to form a uniform thickness layer on the
removable substrate,
(c) allowing the solvent to evaporate from the fluid composition resulting in a
solid membrane, and
(d) removing the solid membrane from the removable substrate.
25 Alternatively, the present invention relates to a process for preparing membrane
containing at least two layers, comprising:
(a) applying the fluid composition of sulfonated block copolymer, ester of
isobutyric acid and non-halogenated aliphatic solvents of the present invention
onto a porous substrate,
30 (b) spreading the fluid solution to form a uniform thickness layer on the surface

of the porous substrate layer, and



as a solid electrolyte or water perneable nenbrane. Exenplary materials
that could be used as additional conponents would include, 10 w thout
limtation: 1) pignents, antioxidants, stabilizers, surfactants, waxes, and
flow pronoters; 2) particulates, fillers and oils; and 3) solvents and
other materials added to enhance processability and handling of the
conposition. 15Wth regard to the pigjents, antioxidants, stabilizers,
surfactants, waxes and flow pronoters, these conponents, when utilized in
conpositions with the sul fonated bl ock copol yners of the present .invention
may be i ncl uded (¢)rellamingnths solyentdo graparate g %g fipishgompogition gesyiing i@ 1004

based on the totnzlielmbvr\éeleght of the conposition. When any one or nore of these

conponents are present, they may be present in an anount from about 0.001
to about 20 5Vhe shape efvihn muntbeanprindletealsl widé varintapbibers, owh ap dappdar o Wth

regard to particulates, fillers, and oj ¥ Blesent in
an am)unfo“ggof BeoRiiing R & RiEPIRy ?B%) ﬁy?%dr%ﬁamgrgqg%fq’ mgg%g‘g’}aglﬁ%t@h%agtg%t gﬁ wei ght
01;1 t he cmgﬂgﬁliiﬁimqleg_é%en any one or nore of these conponents are prelsen]'E,
they nay be present in amount from about . 0 r y from
about 7 to abéﬁ@ﬁgbg§m9§$ﬂb§@&wﬂ dPﬂ§B§m§%$Pﬁgfﬁgﬁﬁg ggéaﬁﬁfﬁ£§%%ggnize
that t hegasmuike Mfid ot Mo g theexcemtsolvialts evgort fram tefimpognated
processability and hapdling of, the

conpositioon will in case epend
upon t hesypsirate-c I arPrefsrpd chbrdisent M, PYPRY S lésg\‘ﬁgl ¥ Saege%e e %’%@%,ﬁ%‘g’n(ﬂ/ or
ot her mai&isisah W%aﬁ&'éap 6Bt iaffoud)etByTonentand 4 | fibiods ext.edtle SHttildyased on

the total weight of the conposition. 30The sul fonated bl ock copol yners of
t he pPesmembiang sy beporeusersEni¢sed to make any of the articles noted above

and in many | ga} AREPRedd haidgthEmBidesBIBTha0¢ o UGEHTRSSSOfED laat abbutt e, 43 or m
of a film sheet, coating, band, strip, praofile,

fabric, prfasdy wpitoashont 300 uise, Feropmbstiondn the if%mo“l‘?, g a@fcﬁ-?eg% oFafe y of
1 SheabpfEEU ey YR SOl g et ety s
di ppi Ng, mewibranss kave ¢ titickmetshd ableast kbab P lpmup t Bopi2Mgtr al i zed form), roto
mol d il? g, It is preferable to use polymer solutions with different viscosities, depending on the
desired thickness of the membrane. For membranes of thickness of from 5 to 50 pm it is
preferable to use polymer solutions with a viscosity of from 500 to 2000 mPas (measured at
80° C. on a solution of the polymers in the relevant solvent). For membranes of from 10 to
100 pm thickness it is preferable to use polymer solutions with a viscosity of from 1500 to
20 5000 mPas (measured at 80° C. on a solution of the polymers in the relevant solvent).
The novel membranes also feature excellent resistance to boiling water. For example,
it has been found that novel membranes remain mechanically stable after 72 hours of
treatment in boiling water at 100° C. The novel membrane preferably has a residual content
of solvent of less than 2% by weight, most preferably less than 0.5% by weight.
25 Tt has been surprisingly found that the novel membranes potentially benefit from
being cast in atmospheres with water present (or other polar solvents such as alcohols or
esters present). When water is used preferred conditions include relative humidity greater
than 10%, preferably greater than 40%. While not being bound to any particular theory, the

moisture in the atmosphere seems to allow the sulfonated blocks to relax during casting

30 leading to a more homogenous membrane.



5 slush nol ding, fiber spinning (such as el ectrospi nning when the bl ock
copolynmer is in neutralized form, filmmaking, painting or foam ng.
Applicants further claima method of varying the transport properties of a
filmcast out of the block copolyners of the present invention. By using a
solvent m xture that conprises two or nore solvents sel ected from pol ar

sol vents and non-pol ar solvents, it ig 10 possible to obtain different
structures which denonstrate different nmechani sns of storing water. This in
turn allows for the use of the block copolyners of the present invention to
fine tun8 tralmng of Reswlting-Sulfos BePar uses utilizing a single class

of Dbl ock COpOJl[IHéTg&?meljs of the Qs%ntb’lngﬁﬁoﬁ OeQ &'1{:@%{ Soréqubite dFibemgiklettiéBNnt i on.
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utili zed“tcﬁeafﬁeg%tah]tggmﬁeﬁheo%r” Horft |hﬁvség%1?eoér?\ﬁgebggfs&]gg%tt&2éfg ?ﬁ%htqgl uene,
benzene, jncydaSéts theadicy kelfmatel dlak e:epolhmpt membrano wilh hesomechaedes log dase,
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non- pol asulfesiatedrblosk capalyrgeripsoppranecyillyheorng %rg‘?r\?%?eg ikl a5 g E’

al i phati ¢, pydry g‘ﬁ?er 1% r*iétﬁbx%gsea DR i1dvdd @ndBiodk corREYS tlﬁ:fm&blﬁmﬁe Wil tseaoabout
220 C. As note € nethod utilizes two or nore solvents. S neans that

two, t hr eeaksf aend Glockmostests |abeve aboyk PRkt el ter RFRMYSH S ?B‘F%/&’ A BORE,

non- pol ar 0 tn&f cheRically oPtheanblsy and i

non- pol ar’ %PM?}§§eﬂ%S Ji‘gelousegljsg %%g%hof thce sol v)ents to glne ar:Icl)t her
can \aarytumxdﬁiayforﬁor exarrpl es, in solvent mxtures having two solvents, the
rati o can rang m 9 d lm% whi ch
the filns are us&‘&%%i'/ Ptmcg'ﬁ ettg%g’ eQ&rs?nﬁbl%Fk Hr;gd%ﬁ kmg&g%gt i'n eél r, at
a tenper Qﬁdﬁﬁﬁaﬁeﬁ afay b6 pﬁpared Hﬁ@ng.‘sur;msafgewa strgngtio mﬂltcemﬁékétam kigh miesit o t he

err ane AR B ipoR KO (e BUIT BT Rt et pAP Ao EF LRS! Y. The

sol uti on E@YcRPokP N HES Etdi gasésh t@laﬁl@rﬂe&ﬁﬁtm nindfetustutttye cqmioylnda modultueraaby
removi ng the solvent and f ngyt he s {m or article. 1dpt1av r nahel y a

coat 88 aroxidetiee gad thampl é‘ﬂ@t‘@’d ‘ﬁ)&@é‘ﬁ?& tthﬁt hGoPEmRrasys ORI SUE S r ti cl e

t hrough %s?s%d& kPRetBinol H‘QHSBQJI:H dgooaeste@mnlcﬂ@aipbmewme pgsdageat methiiok
sol vent can then be renoved rying or by extraction using a non-solvent

for 20 the pol yner. The follomnng exanpl es are intended to be
illustrative only, and are not intended to be, nor should they be construed
as limting in any way of the scope of the present invention Exanple #1 -
Preparing A Styrene Bl ock Copol ynmer |abeled SB-2 of the Structure
(ptBS-EB-S). 25A styrene bl ock copol ynmer |abeled SB-2 of the structure
(ptBS-EB-S)", containing 42% styrene (S) and 43% para-tert-butyl styrene
(i.e., p-t-butylstyrene or ptBS) by weight, was prepared in this exanple.
In this (ptBS-EB-S)" polymer, S was considered the interior block "B" for
calculatlng the styrene content |n the |nter|or block The SB- 2
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unsubstituted styrene. The bl ock | abeled D is hydrogenated butadi ene (EB)
and X is a silicon containing residue of the coupling agent

tetramet hoxysilane. In the preparation of SB-2, anionic polynerization of
p-t-butyl styrene in cyal ohexane was initiated using s-butyllithium (s-BuLi)
affording an A bl ock having an estimated 5 nol ecul ar wei ght of about 22,000
g/mol. A portion of this solution wasydransferred to a second reactor
cont ai ni ng cycl ohexane, 110 ppm of 1,%-diethoxypropane, and but adi ene, and
pol ymeri zation was allowed to proceed to afford a second segnent with a

nol ecul ansWeisghiembfandrOf@gtasslinkéd tisg-cBube iephapgther repp¢astpddyiTedissoydgnent had

a 1,2-addition content of .about 40. w % .St QB paeeki t he
living ( eB’S‘-nBS(?f‘i?Pt) a‘@i TBease | 86%??1{3“1 P %8% ﬁ%’?’lﬁa n éso prdodgﬁgselﬁa | ] vliigﬁg
tri bl ock v&oRe er fuplt Poed3sks2ldd.) having a third bl ock conposed only of
ol ystyrene bl ock. = 25,000 g/qol). The.livj ' was
Eougl eé usi né@é??%%%iqfé%e gﬁ’g%ﬁ‘%y @i‘?@haé:ev%.g %&q%ﬁﬁyﬁg}% blgésq t he
I(:pupl sn? H%Egéa%ﬂ S}§§gfb§ WaRr ?hié@malﬁ&b@dpﬁaé@isﬁgltﬁﬁ;léﬁ) gc)lal(ltham_r'h Plastmtrﬂﬁl' atent) and
i near - Bd- cou ol ymers was obt.ai ned. .. was
hydrogenéf@@swgﬁﬁﬁdé @F&ﬁ@aﬁah@ﬁﬁﬁ#?ﬂﬁﬁWéﬁﬂé?“%?PﬁPﬁFﬁg“Fﬁ%%§é§5§%%F
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i nt eri or mighyrteansfensuffieiens hees) 1ot theppeplashic, abass 1P ¢ ?)‘?Sls&g‘in%}rge?fe ohé % end
segment s cont &,0ed nfé@ﬂ%ﬁﬂpédﬁld)bé 1l to¥di$ Fof R ner t%din?? of inoldieqeenioss of

t hese polpyrrers were nmuch nore susceptiblé to 20 sulfonation than re the
end degment soulfimt hgquire gérecithsatingdofthe thermoplastic phasso| SR A REPGGEScoulgh e

S onat a0k b ot ReluRO A HRNARYert BACBIae IRndhglcuEDe | Ne

pol y-p-t yrene end se he sul fonated pol éstyrene_ center
segment . cdimliSBedr povigenange; amt safalsecaso only Al imedizisd pipa il B ROt resyling 13w o5

pol y-p-t- butyl styrene, and abgu % t isner (EB) .
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difference upgn drying of.g.sanple.in.g. v rs.
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subsequently removed by treatment with water.
The block copolymers of the present invention have a number of significant and

20  unexpected properties. For example, sulfonated block copolymers according to the present
invention have a water vapor transport value greater than 1,000 g per m’ per day using a
gravimetric inverted cup method based on ASTM E 96/E 96M — 05 hereby incorporated
herein by reference in its entirety with external conditions of 25 °C and 50% relative
humidity. The water vapor transport greater will preferably be greater than 1,000 g per m’

25  per day and a wet tensile strength greater than 100 psi, preferably greater than 500 psi,
according to ASTM D412, and a swellability of less than 100% by weight.

9, End Uses, Compounds and Applications

The sulfonated block copolymers according to the present invention can be used in a
variety of applications and end uses. Such polymers having selectively sulfonated interior
30 blocks will find utility in applications where the combination of good wet strength, good

water and proton transport characteristics, good methanol resistance, easy film or membrane



46 About 222 I b of the SB-2 pol ymer hydrogenation product of Exanple 1,

whi ch corresponds to about 34.7 Ib of polyner solids in cycl ohexane, were
added to a N2-flushed 500 gallon glass-lined stirred tank reactor equi pped
with a water jacket. About 473 | b of cycl ohexane were then added to this

m xture to afford a pol yner solution conprising about 55 wt % of the SB-2
pol ynmer. The reactor was purged three ,;i nmes with N2 and then naintained
with N2 at about 15-20 psia. Agitati O%I was conmenced while heating the
solution to about 25-30 C, and then about 21.13 Ib (60.58 nol es) of

i sobut yr (ﬁmqgmy dpile pasRRicadeatol 6 fibuibilityl andi desticits| adpweble BFrdBBu P40, 61 1 b
(46.61 noles) Of a reagent grade sulfuric abcoid &?Bf’#ﬂe R tGARGEBH,MBE | ON) .
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repeat upits.in ihe. nobBHEEoMRincAPetusel flelanmbchdngcatppplicaionsi #ichfas i
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tiqn, .. T
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titration, an aliquot of about five (.5 AGivOf c1dthifle A ChreARalil dabrit
sol ut i on thesinvnsye sk Fopo aTOB“&rlL}no%;tet ?’ahcydr ofuran an abgﬁt 2 nL of

wat er and%p%Pngomg wWhereOfhe Réritrigs, veated fatides and fatiriselaminalgs qop 2 the

pr epar ed ution was titrated potentiomet.r] inidD rfin, Lsl¥w, chemical
cycl ohexybaritmef protestiom fFasn VP’Bo‘gf ?ndqrﬁmpé%ale%l pJ(:)Ilh‘%/nt(%s(?/i;]1 the st endpoi nt
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met hanol : water _to afford thre n i . e
first endppitetmesbramesqdabtavandavies verssy Frlbsndosyrg Sty F@&f)gmlgln&?ﬁg{é glg)rrr%ﬂ-gg pl us
the first apd. second, acidi I f2tSHd §déhé of af eflergeing wieero axboswrd j@i nt
corr espon&%‘ggﬁbﬂcﬁﬂ‘ég 8}:05%';(3]1‘%[25&2@?&5%9? 2-sul f oi sobutyric_30. gx%l%d ~ang the
third endggbkd, aCohemtabspiltjen vagoussbbuioph prchiglopigal aggnis are a pospipility.  SLllar,

detection the of the second acidic of fhée exposird no thidodical st
titrat20onnegd§g@ise W‘ﬁﬁﬁtar?@ﬁ%aé gsdt@&g&glglyec%rléég% of the carboxylic acid of

2-sul f 0i S QY &G & Gutdical BRvaemdntiaes fataichioh from thesrdrpes OF MERBTEST ¥l at i on

of acid conponent concentrations with_ the. b sht! OSHEES fababaded r6m1168
mol / g polofhes epplisetiens that £LOp ,bedﬁﬁfm Tp? Sfﬁﬁgpﬁ%}%anﬁviral \ndlor antimiorobial
T

these types of membranes could have antibacterial and/o

properties as reported in U.S. Patent Nos. 6,537,538, 6,239,182, 6,028,115, 6,932,619 and

25 5,925,621 where it is noted that polystyrene sulfonates act as inhibitory agents against HIV

(human immunodeficiency virus) and HSV (herpes simplex virus). In personal hygiene
a membrane or fabric of the present invention that would transport water vapor
e of other bodily fluids and still retain

applications,
from perspiration while providing a barrier to the escap

its strength properties in the wet environment would be advantageous. The use of these types

30  of materials in diapers and adult incontinence constructions would be improvements over

existing technologies. Fabrics can be made by either solution casting the sulfonated polymer



5 sulfuric acid, about 0.0083 mml /g 2-sul foisobutyric acid, and about

0. 3537 mmol /g i sobutpic acid. Based on nmass bal ance, the degree of styrene
sul fonati on was cal cul ated to be about 60.7 nol % which corresponds to
about 2.05 mlliequivalents of sulfonic acid per gram of sulfonated pol yner
(2.05 neqg/g). The residual non-sul fonated carboxylic acid, as isobutyric

acid, was calculated fromthe titrati results to be 3.12 wt % based on the
total 10 weight of solution. Exanple - Preparation of Sulfonated Pol yner
Used to Form Menbrane of Figure 2 The sol ution prepared in Exanple #2

was cont g tkageabic, or kiAdting @Uilmadfeint milfofiatest plyroér betwresp piact BOIGHAR yri ¢
acid and was then stirred at roomtenperature overnight allowng for the
esterifi cbalifabriof the isobutyric acid to ethyl isobutyrate. A change in the
15 odor from thgtsu@énatcdObIBER cbgolaniérsl of ahe Ipeessmteimyeritioni sy deope gpekithy|

| sobutyrate was observed. According to the resu nown i lige #5, 6,
appr oxi mabssryend prtipesopnd [ PRRIGH AL 9‘8 cSRE gb%se néc%%(c/e?ra@édhit %a@ﬁgi}? the
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ated polymer so . Exanple #4- Ester.ificatin_l d
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Exanpl e a ounce glass jar 25 equipped with a.magnetic
stir fpar .cahpropedty ieknova. LRich rebserbendi materials ats4genrialy gﬂf&ﬂmyueé dBLﬁby??rg%‘Saci d.
Wth good stirring, the prescri apdiRbsindRéchpiodhctyjemdadded
dr opwi se,Prosts; %‘Fg\ﬁﬁ’sij(’fi%ﬁ?lpy’ é‘gg%%gfmg‘% I{%&tes’ r%gct.i on vessel was .then

pl aced i Nl Gropdudtomn aldeuto i8etso dhes absprbert capaty L HBFlePIOdErt THIED t o

roomtenperature, an i qu nal t | Bsel 4shh dmbdsild daOH as
descr i becf@‘ﬁ“ﬁ%h%?\?‘%lz‘?‘ﬂ]@%t”%%ﬁoﬁﬁmf %‘%tg‘?ﬂée)xﬁ (#eé‘ff?‘gh‘? dil uS tion of the
pol ymer sghiftitedth@s prticRS (SAPPinidelidn aditirbusomatdk, sweh saacnatrix REwaRbBWP of 48
i sobutyric acid in the equilibrated | e | ¢l BuP Bt ddss of
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liquid per gram of fluff. The super absorbent materials (SAM) generally have an absorbent

capacity of at least about 10 grams of liquid per gram of SAM, desirably of at least about 20

grams of liquid per gram of SAM, and often up to about 40 grams of liquid per gram of

SAM.
20 In one embodiment of the present invention, the super absorbent material comprises a

sodium salt of a cross-linked polyacrylic acid. Suitable super absorbent materials include, but

are not limited to: Dow AFA-177-140 and Drytech 2035 both available from Dow Chemical

Company, Midland, Mich.; Favor SXM-880 available from Stockhausen, Inc. of Greensboro,

N.C.; Sanwet IM-632 available from Tomen America of New York, N.Y.; and Hysorb P-

25 7050 available from BASF Corporation, Portsmouth, Va. Desirably, the absorbent

composites of the present invention contain the above-described super absorbent materials in

combination with the sulfonated block copolymers of the present invention, optionally
containing a fibrous matrix containing one or more types of fibrous materials.

Applications such as coatings for potable water transport and storage devices would

30 take advantage of the combination of good mechanical properties of these polymers in wet

environments with their tendency to resist the growth of biologically active species. This
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feature of block copolymers selectively sulfonated in the interior segment might be usefully

applied to waste water (both sewage and industrial waste) pipe and treatment facilities. In a

Jike manner, polymers of the present invention might be used to inhibit mold growth on the

surfaces of building materials. These polymers may well inhibit the growth of larger

5  organisms as would be useful in avoiding fouling in various marine applications. It is known

to use the self-assembly feature of selectively sulfonated block copolymers for the

construction of humidity exchange cells as described in U.S. Patent No. 6,841,601. In this

application, polymers of the present invention would allow the fabrication of membrane

clements with good wet strength and would not require reinforcement. This could simplify

10  the construction of membrane energy recovery devices. Non-woven house wrap material,

such as TYVEK® supplied by DuPont, are currently used in home construction to keep the

elements of wind and weather from penetrating the exterior of the house. In some

environments, this technology does not allow sufficient transport of water vapor through the

walls of the house with the result that conditions for the growth of mold develop in the walls

15 of the home. An assembly prepared from polymers of the present invention might provide

equally good barrier performance with the advantage of allowing effective escape of water

vapor from the walls of the house. Ina similar way, there is a need for a backing material for

carpets that allows the transport for water vapor. This need is critical in homes that use

concrete slab construction where water flow through the concrete can be significant in

20 periods of high humidity or excessive rain. If the carpet backing does not transport the water

vapor at an equal rate, the build up of condensed water between the back of carpet and the

surface of the slab can be problematic. Carpets backed with a polymer coating based upon

polymers of the present invention could overcome this problem.

The sulfonated polymers of the present invention may also be used as flame retardant

25  materials — particularly for spraying a flammable article in the path of an advancing fire.

Such sulfonated polymers may be an excellent “carrier” for conventional ignition retardant
materials, which tend not to be compatible with conventional hydrocarbon polymers.

Furthermore, the inventive sulfonated block copolymers can also be used as a

membrane to gather moisture from the environment. Accordingly, such membranes may be

30 used to collect fresh water from the atmosphere in a situation where there is no ready supply

of decent quality water.
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Further, the copolymers of the present invention can be compounded with other
components not adversely affecting the copolymer properties. The block copolymers of the
present invention may be blended with a large variety of other polymers, including olefin
polymers, styrene polymers, tackifying resins, hydrophilic polymers and engineering
thermoplastic resins , with polymer liquids such ionic liquids, natural oils, fragrances, and
with fillers such as nanoclays, carbon nanotubes, fullerenes, and traditional fillers such as
talcs, silica and the like.

In addition, the sulfonated polymers of the present invention may be blended with
conventional styrene/diene and hydrogenated styrene/diene block copolymers, such as the
styrene block copolymers available from Kraton Polymers LLC. These styrene block
copolymers include linear S-B-S, S-I-S, S-EB-S, S-EP-S block copolymers. Also included
are radial block copolymers based on styrene along with isoprene and/or butadiene and
selectively hydrogenated radial block copolymers.

Olefin polymers include, for example, ethylene homopolymers, ethylene/alpha-olefin
copolymers, propylene homopolymers, propylene/alpha-olefin copolymers, high impact
polypropylene, butylene homopolymers, butylene/alpha olefin copolymers, and other alpha
olefin copolymers or interpolymers. Representative polyolefins include, for example, but are
not limited to, substantially linear ethylene polymers, homogeneously branched linear
ethylene polymers, heterogeneously branched linear ethylene polymers, including linear low
density polyethylene (LLDPE), ultra or very low density polyethylene (ULDPE or VLDPE),
medium density polyethylene (MDPE), high density polyethylene (HDPE) and high pressure
low density polyethylene (LDPE). Other polymers included hereunder are ethylene/acrylic
acid (EEA) copolymers, ethylene/methacrylic acid (EMAA) ionomers, ethylene/vinyl acetate
(EVA) copolymers, ethylene/vinyl alcohol (EVOH) copolymers, ethylene/cyclic olefin
copolymers, polypropylene homopolymers and copolymers, propylene/styrene copolymers,
ethylene/propylene copolymers, polybutylene, ethylene carbon monoxide interpolymers (for
example, ethylene/carbon monoxide (ECO) copolymer, ethylene/acrylic acid/carbon
monoxide terpolymer and the like). Still other polymers included hereunder are polyvinyl
chloride (PVC) and blends of PVC with other materials.

Styrene polymers include, for example, crystal polystyrene, high impact polystyrene,
medium impact polystyrene, styrene/acrylonitrile copolymers, styrene/acrylonitrile/butadiene



acid to nethyl isobutyrate 46.5 78.0 92
: : .3 97.7 98.0 98.0 5 Coll [
hgfﬁsleﬁgggtfjrg?gngzhrgée tﬂat >goanI@6conversion fron1isobuty$?2|;§!é1to
_ achi eve y the addition of about 1
equi val ents of nethanol relative to the [ ‘i oS
_ t of isobutyri id i
sul fonat ed pol yner sol ution. Exa S Esterifi Jonin sul fonat
_ : nple #5 - Esterification in S
Eg#ﬁgﬁ; gggﬁ;:gg Szng anctlonhof Et hanol to Isobutyric Acid ﬁgfgnééfgo
_ nstrate the effe of ethanol to isob [ [
ratio on the extent of isobutrtic acid e i fi ' oty et ot ot
ral sterification upon treatment of
PR I SN St ety oot i A
( i a smal ler sc '
gtgigollg@%m?mgezofRanﬁmh©W¢ serEene/plefinr SORQIMEF i 264 %% Q%@gn%? 49d%ggfe
P etherne/st'yrene5 bgpog'md'eré prefetafly containing at least 20, more preferably equal to or

greater than 25 weight percent copolymerized styrene monomer.

5 For the purposes of the specification and claims, the term “engineering thermoplastic
resin” encompasses the various polymers such as for example thermoplastic polyester,
thermoplastic polyurethane, poly(aryl ether) and poly(aryl sulfone), polycarbonate, acetal
resin, polyamide, halogenated thermoplastic, nitrile barrier resin, poly(methyl methacrylate)
and cyclic olefin copolymers, and further defined in U.S. Patent No. 4,107,131, the disclosure

10  of which is hereby incorporated by reference.

Tackifying resins include polystyrene block compatible resins and rubber compatible
resins. The polystyrene block compatible resin may be selected from the group of
coumarone-indene resin, polyindene resin, poly(methyl indene) resin, polystyrene resin,
vinyltoluene-alphamethylstyrene resin, alphamethylstyrene resin and polyphenylene ether, in

15  particular poly(2,6—dimethy1—1,4-pheny1ene ether). Such resins are €.g. sold under the
trademarks “HERCURES”, “ENDEX”, “KRISTALE » <“NEVCHEM” and “PICCOTEX”.
Resins compatible with the hydrogenated (interior) block may be selected from the group
consisting of compatible C5 hydrocarbon resins, hydrogenated C5 hydrocarbon resins,
styrenated C5 resins, C5/C9 resins, styrenated terpene resins, fully hydrogenated or partially

20  hydrogenated C9 hydrocarbon resins, rosins esters, rosins derivatives and mixtures thereof.
These resins are e.g. sold under the trademarks “REGALITE”, “REGALREZ”, “ESCOREZ”
and “ARKON.

Hydrophilic polymers include polymeric bases which are characterized as having an
available pair of electrons. Examples of such bases include polymeric amines such as

25  polyethyleneamine, polyvinylamine, polyallylamine, polyvinylpyridene, and the like;
polymeric analogs of nitrogen containing materials such as polyacrylamide, polyacrylonitrile,
nylons, ABS, polyurethanes and the like; polymeric analogs of oxygen containing
compounds such as polymeric cthers, esters, and alcohols; and acid-base hydrogen bonding
interactions when combined with glycols such as polyethylene glycol, and polypropylene

30 glycol, and the like, polytetrahydrofuran, esters (including polyethylene terephthalate,
polybutyleneterephthalate, aliphatic polyesters, and the like), and alcohols (including
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polyvinylalcohol), poly saccharides, and starches. Other hydrophilic polymers that may be
utilized include sulfonated polystyrene. Hydrophilic liquids such as ionic liquids may be
combined with the polymers of the present invention to form swollen conductive films or
gels. Tonic liquids such as those described in US Patents 5,827,602 and 6,531,241 (which

5 disclosures are herein incorporated by reference) could be introduced into the sulfonated
polymers either by swelling a previously cast membrane, or by adding to the solvent system
before casting a membrane, film coating or fiber. Such a combination might find usefulness
as a solid electrolyte or water permeable membrane.

Exemplary materials that could be used as additional components would include,

10  without limitation:

1)  pigments, antioxidants, stabilizers, surfactants, waxes, and flow promoters;

2) particulates, fillers and oils; and

3)  solvents and other materials added to enhance processability and handling
of the composition.

15 With regard to the pigments, antioxidants, stabilizers, surfactants, waxes and flow
promoters, these components, when utilized in compositions with the sulfonated block
copolymers of the present invention may be included in amounts up to and including 10%,
i.e., from 0 to 10%, based on the total weight of the composition. When any one or more of
these components are present, they may be present in an amount from about 0.001 to about

20 5%, and even more preferably from about 0.001 to about 1%.

With regard to particulates, fillers and oils, such components may be present in an
amount up to and including 50%, from 0 to 50%, based on the total weight of the
composition. When any one or more of these components are present, they may be present in
an amount from about 5 to about 50%, preferably from about 7 to about 50%.

25 Those of ordinary skill in the art will recognize that the amount of solvents and other
materials added to enhance processability and handling of the composition will in many cases
depend upon the particular composition formulated as well as the solvent and/or other
material added. Typically such amount will not exceed 50%, based on the total weight of the
composition.

30 The sulfonated block copolymers of the present invention can be used to make any of

the articles noted above and in many instances will take any number of forms such as in the
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form of a film, sheet, coating, band, strip, profile, molding, foam, tape, fabric, thread,

filament, tube, hollow fiber, ribbon, fiber, plurality of fibers or, fibrous web. Such articles

can be formed by a variety of processes such as for example casting, injection molding, over

molding, dipping, extrusion (when the block copolymer is in neutralized form), roto molding,

5  slush molding, fiber spinning (such as electrospinning when the block copolymer is in

neutralized form), film making, painting or foaming.

Applicants further claim a method of varying the transport properties of a film cast

out of the block copolymers of the present invention. By using a solvent mixture that

comprises two or more solvents selected from polar solvents and non-polar solvents, it is

10  possible to obtain different structures which demonstrate different mechanisms of storing

water. This in turn allows for the use of the block copolymers of the present invention to fine

tune transport properties for particular uses utilizing a single class of block copolymers, i.e.,

the block copolymers of the present invention. Preferably, the polar solvents utilized in the

method of the present invention are selected from water, alcohols having from 1 to 20 carbon

15  atoms, preferably from 1 to 8 carbon atoms, more preferably from 1 to 4 carbon atoms; ethers

having from 1 to 20 carbon atoms, preferably from 1 to 8 carbon atoms, more preferably from

1 to 4 carbon atoms, including cyclic ethers; esters of carboxylic acids (including the esters

formed during the neutralization of the carboxylic acid), esters of sulfuric acid, amides,

carboxylic acids, anhydrides, sulfoxides, nitriles, and ketones having from 1 to 20 carbon

20 atoms, preferably from 1 to 8 carbon atoms, more preferably from 1 to 4 carbon atoms,

including cyclic ketones. More specifically, the polar solvents are selected from methanol,

ethanol, propanol, isopropanol, dimethyl ether, diethyl ether, dipropyl ether, dibutyl ether,

substituted and unsubstituted furans, oxetane, dimethyl ketone, diethyl ketone, methyl ethyl

ketone, substituted and unsubstituted tetrahydrofuran, methyl acetate, ethyl acetate, propyl

25  acetate, methylsulfate, dimethylsulfate, carbon disulfide, formic acid, acetic acid, sulfoacetic

acid, acetic anhydride, acetone, cresol, creosol, dimethylsulfoxide (DMSO), cyclohexanone,

dimethyl acetamide, dimethyl formamide, acetonitrile, water and dioxane, with water,

tetrahydrofuran, methanol, ethanol, acetic acid, sulfoacetic acid, methylsulfate,

dimethylsulfate, and IPA being the more preferred of the polar solvents. Also included are

30  amines such as dimethyl amine, triethyl amine and aniline, among other amines.
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10  combination of polar solvents and non-polar solvents may be used. The ratio of the solvents

to one another can vary widely. For examples, in solvent mixtures having two solvents, the
ratio can range from 99.99: 0.01 to 0.01:99.9. The conditions under which the films are cast
can vary. Preferably, the films will be cast in air, at a temperature from 10° C to 200° C,
preferably room temperature and onto the surface from which the film can be released easily.
15 More preferably, the membranes will be cast in a humid environment. Alternately the cast
solution may be contacted with a non-solvent for the polymer, thereby removing the solvent
and forming the solid film or article. Alternately a coated article may be prepared by passing
the porous or non-porous article through a solution of the polymer and optionally wetting
agents. The solvent can then be removed by drying or by extraction using a non-solvent for

20  the polymer.
The following examples are intended to be illustrative only, and are not intended to

be, nor should they be construed as limiting in any way of the scope of the present invention

Example #1 — Preparing A Styrene Block Copolymer labeled SB-2 of the
Structure (ptBS-EB-S),

25 A styrene block copolymer labeled SB-2 of the structure (ptBS-EB-S),, containing
42% styrene (S) and 43% para-tert-butylstyrene (i.e., p-t-butylstyrene or ptBS) by weight,
was prepared in this example. In this (ptBS-EB-S), polymer, S was considered the interior
block “B” for calculating the styrene content in the interior block.

The SB-2 polymer is a selectively hydrogenated (A-D-B).X block copolymer where

30  the A block is a polymer block of p-t-butylstyrene and the B block is a polymer block of
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composed only of polystyrene (S block MW = 25,000 g/mol). The living polymer solution
was coupled using tetramethoxysilane (about Si/Li = 0.4 1/1 (mol/mol)) as the coupling agent.
A mixture of branched ((ptBS-Bd-S)3) (major component) and linear ((ptBS-Bd-S)2) coupled

polymers was obtained.
15 The polymer was hydrogenated using a standard cobalt catalyst affording the desired

(A-D-B)nX block copolymer, which was a mixture of branched ((ptBS-EB-S)3) (major

component) and linear ((ptBS-EB-S)2) coupled polymers. As the interior segment of this

polymers contained only polystyrene and the end segments contained only poly-p-t-

butylstyrene, the interior segments of these polymers were much more susceptible to

20 sulfonation than were the end segments. The hydrogenated Bd segment, an EB polymer

block, was sulfonation resistant and acted as a toughening spacer block between the poly-p-t-
butylstyrene end segments and the sulfonated polystyrene center segment.

The SB-2 polymer contains about 42 wt% polystyrene, about 43 wt% poly-p-t-

butylstyrene, and about 15 wi% hydrogenated polybutadiene (EB). The product is obtained

25  as a solution of polymer in cyclohexane. Polymer solids were determined to be 15.65 wt% as

measured by gravimetric difference upon drying of a sample in a vacuum oven at 50°C for 2

hours.

Example #2 — Preparation of Sulfonated Polymer Used to Form Membrane of Figure 1.
This example demonstrates the level of isobutyric acid that is generated in a

30  sulfonation of styrene block copolymer SB-2 with isobutyryl sulfate in cyclohexane.
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About 222 Ib of the SB-2 polymer hydrogenation product of Example 1, which
corresponds to about 34.7 Ib of polymer solids in cyclohexane, were added to a N2-flushed
500 gallon glass-lined stirred tank reactor equipped with a water jacket. About 473 1b of
cyclohexane were then added to this mixture to afford a polymer solution comprising about 5

5  wi% of the SB-2 polymer. The reactor was purged three times with N and then maintained
with N, at about 15-20 psia. Agitation was commenced while heating the solution to about
25-30° C, and then about 21.13 Ib (60.58 moles) of isobutyric anhydride were added to the
solution, followed by about 10.61 1b (46.61 moles) of a reagent grade sulfuric acid (about
95% concentration). Based on the reagent charge, the molar ratio of sulfuric acid to styrene

10  repeat units in the polymer was about 0.73 and the molar ratio of isobutyric anhydride to
sulfuric acid was about 1.3.

The reaction mixture was stirred for approximately 2 hours at about 30° C and was
then heated over the course of about 2 hours to about 50°C, and was then maintained at about
50° C for an additional approximately 4 hours. The reaction mixture was then allowed to

15  gradually cool for about 12 hours, affording a dark brown, low viscosity liquid with a slight
blue opaque appearance and absent of any visual signs of gelation.

The reaction product was analyzed by two separate titrations (the “two-titration
method”) to determine the levels of styrenic polymer sulfonic acid, sulfuric acid, non-
polymeric by-product sulfonic acid (2-sulfoisobutyric acid), and non-sulfonated by-product

20 isobutyric acid. For each titration, an aliquot of about five (5) grams of the reaction product
solution was dissolved in about 100 mL of tetrahydrofuran and about 2 mL of water and
about 2 mL of methanol were added. In the first titration, the prepared solution was titrated
potentiometrically with 0.1 N cyclohexylamine in methanol to afford two endpoints; the first
endpoint corresponded to all sulfonic acid groups in the sample plus the first acidic proton of

25  sulfuric acid, and the second endpoint corresponded to the second acidic proton of sulfuric
acid. In the second titration, the prepared solution was titrated potentiometrically with 0.14 N
sodium hydroxide in about 3.5:1 methanol:water to afford three endpoints: The first endpoint
corresponded to all sulfonic acid groups in the sample plus the first and second acidic proton
of sulfuric acid; the second endpoint corresponded to the carboxylic acid of 2-sulfoisobutyric

30  acid; and the third endpoint corresponded to isobutyric acid.
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The selective detection the of the second acidic proton of sulfuric acid in the first
titration, together with the selective detection of the carboxylic acid of 2-sulfoisobutyric acid
in the second titration, allowed for the calculation of acid component concentrations with the
following results: about 0.1168 mmol/g polymer sulfonic acid, about 0.01147 mmol/g

5  sulfuric acid, about 0.0083 mmol/g 2-sulfoisobutyric acid, and about 0.3537 mmol/g
isobutyric acid. Based on mass balance, the degree of styrene sulfonation was calculated to
be about 60.7 mol%, which corresponds to about 2.05 milliequivalents of sulfonic acid per
gram of sulfonated polymer (2.05 meqg/g). The residual non-sulfonated carboxylic acid, as
isobutyric acid, was calculated from the titration results to be 3.12 wt% based on the total

10  weight of solution.

Example #3 — Preparation of Sulfonated Polymer Used to Form Membrane of Figure 2
The solution prepared in Example #2 was contacted with 3 molar equivalents of
ethanol relative to isobutyric acid and was then stirred at room temperature overnight
allowing for the esterification of the isobutyric acid to ethyl isobutyrate. A change in the
15  odor from that of isobutyric acid to the sweet/fruity odor of ethyl isobutyrate was observed.
According to the results shown in Example #5, 6, approximately 97.7% of the isobutyric acid
was converted to ethyl isobutyrate resulting in less than 0.01 meq of isobutyric acid per gram

of sulfonated polymer solution.

Exampie #4 — Esterification in Sulfonated Polymer Solution as a Function of Methanol
20  to Isobutyric Acid mole Ratio
These examples demonstrate the effect of methanol to isobutyric acid molar ratio on

the extent of isobutyric acid esterification upon treatment of sulfonated styrene block
copolymer solution with methanol. For each example in Table A, about 15 g of the
sulfonated polymer solution described in Example #1 was added to a 1 ounce glass jar
25  equipped with a magnetic stir bar. The polymer solution contained 0.3542 meq/g of
isobutyric acid. With good stirring, the prescribed amount of anhydrous methanol was added
dropwise, the jar was tightly capped, and the reaction vessel was then placed in a 50° C oven
for about 18 hours. After the sample had cooled to room temperature, an aliquot was
analyzed by titration with 0.14 N NaOH as described in Example #2. Correcting for the

30  slight dilution of the polymer solution as a result of the addition of methanol, the amount of
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I sobutyric acid results in faster reaction.

isobutyric acid in the equilibrated sample was calculated from the titration results. Results

are summarized in Table A.

Table A
Example 4.1 42 43 44 4.5 4.6
Mass polymer solution (g) 15.01 |15.06 |15.02 [1502 |15.06 |15.05
Mass methanol (g) 0.088 |0.133 [0.177 [0266 |0354 |0.531
Mole ratio methanol to isobutyric | 0.49 0.82 1.02 1.51 201 3.01
acid in reaction charge
meq/g  isobutyric acid upon | 0.1883 0.0772 1 0.0269 | 0.0080 | 0.0068 | 0.0068
equilibration
wt% isobutyric acid in equilibrated | 1.66 0.68 0.24 0.07 0.06 0.06
sample
Mol% conversion of isobutyric | 46.5 78.0 923 91.7 98.0 98.0
acid to methyl isobutyrate

5 Collectively, these examples demonstrate that >90 mol% conversion from isobutyric acid to
methyl isobutyrate can be achieved by the addition of about 1 or more molar equivalents of

methanol relative to the amount of isobutyric acid in sulfonated polymer solution.

Example #5 — Esterification in Sulfonated Polymer Solution as a Function of Ethanol to
Isobutyric Acid mole Ratio

10 These examples demonstrate the effect of ethanol to isobutyric acid molar ratio on the
extent of isobutyric acid esterification upon treatment of sulfonated styrene block copolymer
solution with ethanol. The experiments described in Example #4 were repeated on a smaller

scale, using anhydrous ethanol in place of methanol. Results are summarized in Table B.
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Examples #6 — Kinetics of Isobutyric Acid Esterification with Alcohol in Sulfonated
Polymer Solutions
5 These examples demonstrate conversion of isobutyric acid to isobutyric ester as
functions of time upon treatment with alcohol at 50° C of sulfonated polymer solutions
prepared in a mixture of n-heptane and cyclohexane.
A styrene block copolymer labeled SB-7 of the structure (ptBS-EB-S), was prepared
in a method comparable to that used to prepare the SB-2 polymer described in Example #1.
10  The SB-7 polymer was obtained as a raw solution of about 23.96% by weight in cyclohexane.
About 910.7 g of the styrene block copolymer SB-7 in cyclohexane, corresponding to
about 218.2 g of polymer solids, were added toa 5 L four-neck round bottom flask equipped
with an overhead mechanical stirrer, a drying tube filled with Ca(SOs)2, a stopper, and a
thermocouple. The solution was heated to about 50°C while stirring at 250 RPM and then
15 about 1998.6 g of n-heptane were then added to the solution to afford a polymer solution
comprising about 7.5% of the SB-7 polymer on a solids basis. The solution was re-heated to
about 50° C, and then about 128.83 g (0.814 moles) of isobutyric anhydride was added to the
solution, followed by about 64.67 g (0.626 moles) of a reagent grade sulfuric acid (about 95%
concentration). Based on the reagent charge, the molar ratio of sulfuric acid to styrene repeat
20 units in the polymer was about 0.71 and the molar ratio of isobutyric anhydride to sulfuric

acid was about 1.3.



Sampl e cycl ohexane wt % wt % and type of alcohol w % ester Methyl
| sobutyrate 95.6 0.66 nethanol 3.77 Ethyl isobutyrate 95 0.8 ethanol 4.2
15 Exanpl e #8 - Casting Menbranes from sul fonated sol uti on w t hout
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sulfonic acid per gram of sulfonated polymer. The residual non-sulfonated carboxylic acid, as
isobutyric acid, was calculated from the titration results to be 4.42 wi% based on the total

10  weight of solution.
For each example, about 95 g of the sulfonation reaction product of SB-7 were added
t0 a 500 mL four-neck round bottom flask equipped with an overhead mechanical stirrer, a
drying tube filled with Ca(SO4)2, a stopper, and a thermocouple. The solution was heated to
about 50°C while stirring at 250 RPM and then the prescribed amount of alcohol was added
15  dropwise over about 30 seconds. The reaction mixture was then maintained at 50°C and ~3 g
aliquots were removed periodically for analysis by titration with 0.14 N NaOH as described
in Example #2. Correcting for the slight dilution of the polymer solution as a result of the
addition of alcohol, the amount of isobutyric acid in the removed aliquots was calculated

from the titration results. Results are summarized in Table C.
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5 through esterification with methanol or ethanol at 50°C within about 1 to 3 hours.

{4

Furthermore, the data demonstrate that a faster reaction is achieved with methanol as
compared to ethanol when used at comparable stoichiometry. In addition, the data

demonstrate that increasing the mol ratio of alcohol to isobutyric acid results in faster

reaction.

10  Example #7 - Selection of alcohol for esterification:

Model solutions were prepared to study the relative removal rates of the solvents in
the sulfonated polymer solution. The solutions were prepared with a 1.5 molar excess of the
alcohol to isobutyric acid and the initial concentrations are shown in Table D. Methanol,
ethanol, methyl isobutyrate and ethyl isobutyrate were purchased from Sigma-Aldrich and

15 used as-received. The solutions were mixed overnight, poured into a flask, attached to a

rotary evaporator and slowly heated to 50° C. The solvent mixture was evaporated under



Exanpl e #10 - Hand Casting Menbranes from sul fonated solution with
esterification in a dry environment: S5A sul fonated pol ymer sol ution
described in Table E was cast using a doctor blade in a controlled

at mosphere box with a dry nitrogen gas sweep to ensure a |low relative

humi dity environment. The solvent was allowed to dry at roomtenperature
overnight. The resulting nenbrane wasscracked as shown in Figure 6. Exanple
#11 - Hand Casting Menbranes from sulfonated solution with esterification
in 10 a humd environment: The sane solution used in Exanpl e #10 (described
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isobutyrate remain relatively constant during the evaporation of the solution. From Figure 5,
it is evident that the ethanol is not removed until only 25% of the solution remained
indicating that ethanol is more difficult to remove than methanol. It is also evident from
Figure 5 that the relative concentration of ethyl isobutyrate greatly increases during the
10  evaporation of the solution. This indicates that ethyl isobutyrate is much more difficult to

remove than methyl isobutyrate and is concentrated relative to cyclohexane during

evaporation.
Table D
Sample wt % wt % and type
cyclohexane of alcohol wt % ester

Methyl isobutyrate 95.6 0.66 3.717

methanol
Ethyl isobutyrate 95 0.8 42

ethanol

15 Example #8 - Casting Membranes from sulfonated solution without esterification:
Membranes from the sulfonated polymer solution (5.6 wi% polymer in cyclohexane,
as prepared in Example 2) without esterification were cast using a commercially available
film casting line manufactured by Coatema Coating Machinery GmbH. The casting line
consisted of a micro pump which pumped the sulfonated polymer solution through a slot die
20  with a 150 pm spacer. The solution was coated on a release paper siliconized with silicone
RC 1002 produced by Degussa. Coating weight was varied by changing either the pump
speed or the speed of the release substrate. The sulfonated polymer solution cast on the
release substrate passed through two convection ovens (each 1.5 m long) set at temperatures
between 40 and 60° C at a speed of 1 m/min. This residence time and temperature was
25  sufficient to remove the aliphatic solvent. The coated substrate then passed through two

infrared ovens (each 1.5 m) long that were not used during the trial before being wound into
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meq/ g styrene sulfonic acid, 100% pol ynmer basis Rgtio of heptane toplcaCId
cycl ohexan e 25 51 heptane 11.03 1:01 0.0428

53

rolls. The final membrane thickness varied between 10 and 40 pm depending on the pump
speed. The “dried” membranes had a strong odor of isobutyric acid indicating it was not
fully removed. Upon unrolling the membrane two weeks later, the membranes cracked and
shattered when then contacted air and continued to have a strong odor of isobutyric acid.
5  Inspection of the membranes indicated that the edges of the membrane slightly adhered to the
release substrate. During the unrolling, the residual isobutyric acid released from the
membranes causing the membrane to contract. The slight adhesion of the membrane to the

release substrate restricted the contraction leading to the shattering of the membrane as

shown in Figure #1.

10 Example #9 - Casting Membranes from sulfonated solution with esterification:

The same solution used in Example #8 was contacted with a 3 molar excess of
ethanol and stirred at room temperature overnight allowing for the esterification of the
isobutyric acid to ethyl isobutyrate as described in Example #3. A change in the odor from
that of isobutyric acid to the sweet/fruity odor of ethyl isobutyrate was observed. Membranes

15 from the sulfonated polymer solution following esterification were cast using the same
casting equipment as in Example #3. Casting conditions and the release paper and coating
also mimicked the previously mentioned example. This residence time and temperature was
sufficient to remove the aliphatic solvent. The final membrane thickness varied between 10
and 40 pm depending on the pump speed. The dried membranes had the slight odor of ethyl

20 isobutyrate indicating it was not fully removed. Upon unrolling the membrane two weeks
later, the membranes were easily removed from the release substrate with the exception of
some weak adhesion at the edges of the membrane. The free standing membranes were
dimensionally stable and showed no sign of cracking or shattering when contacted with air
and had little odor of ethyl isobutyrate. From this example it is obvious that the conversion

25  of isobutyric acid to ethyl isobutyrate was an improvement in the process of casting
membranes.

While slot die coating was utilized in this example, coating methods such as reverse
roll coating and other known to those skilled in the art could be utilized. Drying mechanism
other than hot air convection known to those skilled in the art could also be utilized to

30  remove the solvent(s) from the sulfonated polymer solution. Similarly, other materials could

be utilized as the substrate including other release papers, foils, etc. and other membranes



1.832 1.25 55 WHAT IS CLAIMED I'S: 1. A process for preparing sulfonated

bl ock polyners in non-hal ogenated aliphatic solvents, conprising the steps
of : (a) providing a precursor block copol yner having at |east two end
bl ocks A and at |east one interior block B, wherein each A block is a

pol ynmer block resistant to sul fonation and each B block is a polyner block
susceptible to sul fonation; (b)sqreacting the precursor block polyner
with a C2 to C8 acyl sulfate in a reaction m xture further conprising at
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is isobutyric acid or, propioni.c_acid. 3.The process of claim2 wherein the
initial WWFP’@WCS@WE%F% r bl ock copolymer is in the range from
about 0.1 wt%to about 30 wt % based on the total weight of the reaction
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controlled atmosphere box was approximately 60%. As in Example #10, the solvent was

allowed to dry at room temperature overnight. The resulting membrane was flat and showed

15 no signs of gross defects as shown in Figure 7. The casting of membranes in relatively high

humidity environments appears to produce a much more homogenous and defect-free
membrane.
Table E
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configuration A-B-A, A-B-A-B-A (A-B-A"X (A-B0X A-DBDA ABDBA
(A-D B)"X, (A-B-D"X, (A-B-B)"X, A-B-B-B-A or mxtures thereof where the B
bl ocks nay be the sane or different, where nis an integer from2 to 30, X
is a coupling agent residue, and 56 each D block is a polymer bl ock
resistant to sul fonation and where the precursor block copolymer is
substantially free of ol efinic unsat ugsati on. 6. The process of claim5
wherein the nolar ratio of alcohol to Tresidual isobutyric acidis 0.9:11to
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sul f onat | ock copal ri enation has the general

confi gur g,ﬁlchﬁo;e%rgjl%ﬁ?&giggéa gﬁél?:n&_)sﬁgl?]ggA bl ock . js a pgl ﬁer *)I 0{5{ of

par a- t - but y| st g) eneubssaientlBrepttingkthé residugl spspawyliccklegonipte Heé #stt 1Uted
styrene and said D block is a pol r et RAPESBEXYRE adid 3f Buleasdi ene
wher ei n Zdrobel BEUHEFe g‘grreﬁﬂltalggﬁfﬁe&cog%%ﬁ?eﬁ r%iljt adi eneyuniat s in ,Hlagck D
have 1, 2-£@ptd fnakd @iresppaiidg aldybestas off ths catbenylie agid 6Ry 19 reduceithe jesidydie

met hyl or ethyl ester, of .jspbutyric i d Sl @ki phatic
sol vent Hewl gF fs prgagje 56?14ﬂaf)f1%{ Je l%ffa%@e zmggﬂo/?gésg%&ggggq%ﬂg?%%ﬁ% a%t Pcl e

conpri si rhglurﬁP@ sul f onat ed bl ock copol yner conposition prepared by the
process of claim 1, said sulfonated bl ock copol ynmer conposition conprising:
(a) a sulfonatggd HRbasKof elRph INWhervihi tad C; po iCaracylosuifatr isgeababiryrsulfptg Ort he
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acid.

3. The process of claim 2 wherein the initial concentration of the precursor block

copolymer is in the range from about 0.1 wi% to about 30 wt% based on the total weight of
the reaction mixture.

4. The process of claim 2 wherein the sulfonation reaction is conducted in the presence
of a solvent mixture of hydrocarbon solvents having a boiling point range of between 70 and
220° C.

5. The process of claim 2 wherein the precursor block copolymer has the general
configuration A-B-A, A-B-A-B-A, (A-B-A)X, (A-B):X, A-D-B-D-A, A-B-D-B-A, (A-D-
B)X, (A-B-D).X, (A-B-B),X, A-B-B-B-A or mixtures thereof where the B blocks may be

the same or different, where n is an integer from 2 to 30, X is a coupling agent residue, and



(i) each A block is a polymer block resistant to sul fonation, each D bl ock
is a polynmer block resistant to sul fonation, and each B block is a polyner
bl ock susceptible to sulfonation, said A, D and B bl ocks contai ni ng no
significant | evels of olefinic unsaturation; (ii) each A block

i ndependently having a peak nol ecul ar wei ght between 1,000 and 60, 000, each
D bl ock i ndependently having a peak nol ecul ar wei ght between 1,000 and

50, 000, and each B bl ock independently havi ng a peak nol ecul ar wei ght

bet ween 10, 000 and 300, 000; (iii) eaé% A bl ock conprises one or nore
segnents sel ected from pol ynerized (i) para-substituted styrene nononers,
(i) ethydcer®,blddkiik)a pdlpha wbek renistanf t3sulfondt®ncandbeirera tlenprecyrsor )block

1, 3-cycl odi ene nmononer.s v ners of .conjugated di enes having a vinyl
cont ent VE@EmVﬁgﬁug%mﬁ%my%3%@2ﬁ¥%ﬁVF5W”?8mhydrogenation, (vi) acrylic
esters, (vii) nmethacrylic esters, and (viii) mxtures thereof; (iv) each B
bl ock conprises segnents of one or nore vinyl aromatic nononers sel ected
from pol greri m@p&%ass _Uf)Téllalih% iwihaxtgmck_hs rnwag neiootTRelSe résidupl iestunaiubit i t ut ed
styrene pononers, (iii) neta-substituted styrene nononers, v :

al pha- meisti:4tg fdmad ﬂ(e\fﬁoh‘il,o&-ogﬁlﬂﬁ’é‘ﬁtﬂlllé’coﬁ’§/F &me(r\‘??‘}ta‘ffnﬁ-rﬁﬁl%ﬂ(‘}laﬁétfu@frﬁyl ene
and (Vi deilbdtshERssthar €0hiv% ido¥lty8asdid.D bl ock conprises pol yners having a
glass transition tenperature less than 20 C. and a peak nol ecul ar wei ght of
bet ween 3000 gpd paRkeQ08f chithds Qvikk @ kaldeianglosielisct golyfe midck eofy partHp-
consisting of (i) %bgolynerized or_ copol yneri.zed con'u%gt%g dhe e. sel ected
from i sopvizkeyreng, @i ﬂ%&kéﬁéPQQVWhﬂoﬁ‘9§WVW“EWﬁFéHFm%ﬁi seifl D ROt Bdenat i on
of bet We?& Or @IBQT SBisOReneRR CRBtadibrle WhReiR 20 X618 into® Perd6itt Y @eCooRBEHOTET |

(iii) sifrcone polyner, (iv) polynerized isobutylene and (v% m_ Xt ur es

t her eof , budires ynitamybleekgbares!, epnfigurating spigieytredliresidnal casbaxyligatidisdhcor

| S0P SN R B! %&?gﬁ&&t J)fyiséi%f}irf&gzgcﬁ@%ﬁ@ sai@B8n-hb¥konateBulipRAicRBIVeRhasOf Vi Ny
aromat i c ‘nonomners Ich are unsubstituted styrene nononers,

or t ho- subsiling poietrasgeyaf doteveam P 220° Get a- substitut ed styrene 58 nononers,
al pha-net hyl styrene, 1, 1-di phenyl et hyl ene and 1, 2-di phenyl et hyl ene in each
B bl ock s betwdaid cbénpositiopeeroprsingathd stlfonatad) blpek eapgtymer, ester of rppidughout

0.08 to about .4 w9%of a C 1 19 Wil akL Bpxylic
aci d; an(fim%Oxyhc ach caf’g Ftelsegssgf) %ear&]o%zh%o% A‘%do?lﬁ)?&etgsgﬁjgvgﬂg%agﬁyﬁ i %blggi d, the
wei ght  peragent whas el @ncénretidrodfdulfordteshiblods caphlymist sk wtdo po B mithe, based
conpositio im1ll wherein said residual carboxylic

. 12 The, article, of cl
acid is PE@HU?V}W@gQE#hw Ui CEIMOSHPY acid. 13.The article of claim 12
wh inthe C1l to. | kyl . t . i dual i i o t hyl
oobut yr dte omehyd Sploesiopra hint  Yigelh it GFenfRLR R GR Bk TH DY

sul f onat egpdNa&ks sapzd wiver prior to hydrogenation has the general
configuration (A-D-B)nX, and wherein the A block is a polyner block of
par a-t - bupy! stiye ERel cohgiositiBn bf olatn Bswiserdgin kaidsulfdibed blek copdybst pricntted

styrene and said D blqck is r bl i soprene or. 1, 3- adi ene
wher ei n  2ydiogensgongps g@r%eéﬁ‘iaﬁ(‘}ﬁg‘%]{gﬁé%%Rég[g'?é%%’bﬂ}daﬁpgﬁlg g %‘sépcﬁygsl %ck D
have 1, 2@t BIBRL bfOpbra-LButNsHr@e £54id TBObldAk @par polgmer bieckobAnesubstinged i Si ng:
(a) applying a fluid conposition of sulfonated QIogk(ﬁqul%gEr 0 sg r of
resi dual SEMSGHRYIspd D Blogk Sraipelymenblpelyeiniseniencari ik Bitpdiere oL & %? gared by
the process pefcedt! @Y cbn@AbQ bubRich LATRCR bok D BDI DE@Bg@Bibropiid esdlofy ot her
process aids, (b) spreading the fluid conp05|t|o%6}gw£on a uni form

t hi cknes gedidnpbcabpxyliveacsdiss theatmgthyh oy cthyl ester ©F)isehupygi S8'61 &Nt to
evapor at g?forg?rg%té%Q?gﬁ%d s GvGR @@§B&ifil%‘pd’irﬁ%ﬁg% loPBetivBernfy oSl keor@mbr ane.  16. The

process erein step ( I ncl udes spreading the fluid
conposi t14@N  Ap article comprising the sulfonated block copolymer composition prepared by the

process of claim 1, said sulfonated block copolymer composition comprising:
(a) a sulfonated block copolymer which, prior to hydrogenation, has the general
configuration A-B-A, A-B-A-B-A, (A-B-A),X, (A-B):X, A-D-B-D-A, A-B-D-B-A, (A-D-



through a die or reverse roll coater. 17.The process of claim 16 wherein
the thickness of the resulting layer is between 0.1 mcrons and 1 mm 59
18. The process of claim 15 wherein said fluid conposition is spread on a
porous substrate. 19. The process of claim 18 wherein said porous

substrate is selected fromthe group consisting of m croporous nenbranes,

expanded pol y(tetrafl ouro)ethylene and fibrous nmats.

20. The process of

claim15 wherein step (c¢) includes heating the fluid conmposition. 21. The

process of claim 15 wherein said fluid conposition is spread onto the

surface of a substrate in an atnpsphere containing water vapor at a

r ?l a]t | ve BRX(AIB-D).X, @aBB-BtAga-BBHX oPdixtestaobofanaert arisredl intaget frem@r ocess

of claim 15. 3. The menbrane of claim?22 having a tensile strength of at
e 4 BT

| east 108 FPSH a coupling agfd ToSAHS ARG

BF"cl ai m 22 exhibiting ion

exchange capaci t3) @th Betv8eER & erObl4ckTReis@nta0 GuHHAtbn, 2abh DEBOE is a25. The

ape of a f]at sheet,

menbrane of claim 22 wherein the menbrane is in th% SE
a tube, or in tHOLEKERNOG regstaRr P olfPRAtiopcng cach B bloc

18 a polymer block
susceptible to sulfonation, said A, D and B blocks containing no significant levels
of olefinic unsaturation;

(i) each A block independently having a peak molecular weight between 1,000
and 60,000, each D block independently having a peak molecular weight between
1,000 and 50,000, and each B block independently having a peak molecular
weight between 10,000 and 300,000,

(iii) each A block comprises one or more segments selected from polymerized
(i) para-substituted styrene monomers, (ii) ethylene, (iii) alpha olefins of 3 to 18
carbon atoms; (iv) 1,3-cyclodiene monomers, (v) monomers of conjugated dienes
having a vinyl content less than 35 mol percent prior to hydrogenation, (vi)
acrylic esters, (vii) methacrylic esters, and (viii) mixtures thereof;

(iv) each B block comprises segments of one or more vinyl aromatic monomers
selected from polymerized (i) unsubstituted styrene monomers, (ii) ortho-
substituted styrene monomers, (iii) meta-substituted styrene monomers, (iv)
alpha-methylstyrene, (v) 1,1-diphenylethylene, (vi) 1,2-diphenylethylene and (vii)
mixtures thereof;,

(v) each D block comprises polymers having a glass transition temperature less
than 20° C. and a peak molecular weight of between 1000 and 50,000, said D
block being selected from the group consisting of (i) a polymerized or
copolymerized conjugated diene selected from isoprene, 1,3-butadiene having a
vinyl content prior to hydrogenation of between 20 and 80 mol percent, (ii) a
polymerized acrylate monomer, (iii) silicone polymer, (iv) polymerized
isobutylene and (v) mixtures thereof, wherein any segments containing
polymerized 1,3-butadiene or isoprene are subsequently hydrogenated; and

(vi) the mol percent of vinyl aromatic monomers which are unsubstituted

styrene monomers, ortho-substituted styrene monomers, meta-substituted styrene
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monomers, alpha-methylstyrene, 1,1-diphenylethylene and 1,2-diphenylethylene
in each B block is between 10 mol percent and 100 mol percent,
(b) about 0.08 to about 4 wt% of a C1 to C4 alkyl ester of the residual carboxylic
acid; and
(c) less than 2.0 wt% of residual carboxylic acid, the weight percent based on the

total weight of the block copolymer composition.

12. The article of claim 11 wherein said residual carboxylic acid is isobutyric acid or

propionic acid.

13. The article of claim 12 wherein the C1 to C4 alkyl ester of the residual carboxylic
acid is methyl isobutyrate or ethyl isobutyrate.

14, The article of claim 12 wherein said sulfonated block copolymer prior to
hydrogenation has the general configuration (A-D-B)nX, and wherein the A block is a
polymer block of para-t-butylstyrene, said B block is a polymer block of unsubstituted
styrene and said D block is a polymer block of isoprene or 1,3-butadiene wherein 20 to 80

mol percent of the condensed butadiene units in block D have 1,2-configuration.

15. A process for preparing a membrane, comprising:

(a) applying a fluid composition of sulfonated block copolymer, ester of residual
carboxylic acid and non-halogenated aliphatic solvents prepared by the process of claim 1
onto the surface of a substrate and optionally other process aids,

(b) spreading the fluid composition to form a uniform thickness layer on the
substrate, and

(c) allowing the solvent to evaporate from the fluid composition resulting in a solid

membrane,

16. The process of claim 15 wherein step (b) includes spreading the fluid composition

through a die or reverse roll coater.

17. The process of claim 16 wherein the thickness of the resulting layer is between 0.1

microns and 1 mm.
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18. The process of claim 15 wherein said fluid composition is spread on a porous
substrate.
19. The process of claim 18 wherein said porous substrate is selected from the group

consisting of microporous membranes, expanded poly(tetraflouro)ethylene and fibrous mats.
20. The process of claim 15 wherein step (c) includes heating the fluid composition.

21. The process of claim 15 wherein said fluid composition is spread onto the surface of a

substrate in an atmosphere containing water vapor at a relative humidity greater than 10%.

22. A membrane formed by the process of claim 15.

23. The membrane of claim 22 having a tensile strength of at least 100 psi when wet.

24, The membrane of claim 22 exhibiting ion exchange capacity of between about 0.4
meq/g and about 2.5 meq/g.

25. The membrane of claim 22 wherein the membrane is in the shape of a flat sheet, a

tube, or in the shape of a perform article.



