28/ 07/2004 1 H GH | ON CONDUCTI VE POLYMERS THI S | NVENTI ON re@agﬁé g high

I on conductive polyners, and in particular to polyners suitable tor the
formati on of proton-exchange nenbranes. |on conductive nenbranes fnd
application in several fields of technology, for instance in the
construction of proton-exchange fuel cells, and in sensors. However,
conventional ion conductive nenbranes sqffer fromlowion conductivities,
and currently avail abl e nmenbranes display . conductivities ranging from

10.2 to 10-1 Scm1l. In g i FeORDIReTIeR! ion conductivities
of such nenbranes to be ﬁ‘geﬁ?gf.’l‘ﬂgq}ﬁw v ﬁE.IﬁOi‘ , conventional ion

conductive nenbranes are expensive and technically difficult to produce,

| eading to high costs for articles containing such nenbranes. It is an
obj ect of the prddHSt INNERREION retatey o ildgh alopotontrctiseligotiahersf @nd irhe
formati on of ion_conductive nenbranes that alleviate at | east sone of the
above dr awb@arisulascder gobgners suitablepder die t fasmptiosetf iprotentdxshamgeovi des
a met hod of roduci ng a pol yner, the nethod conprising the step of
copolyneringgﬂﬂaH$ia m xture conprising: about 15%to 50% by wei ght of
wat er; about 10%to 50% by weight of at |east one copol ynerisable
surfactant; and about 5% to 40% by weight of at |east one copolynerisable

mononer ;  wher eby g ecdr@ablive e briMBRY find application in several fields of
technology, for instance in the construction of proton-exchange fuel cells, and in
sensors. However, conventional ion conductive membranes suffer from low ion
conductivities, and currently available membranes display . conductivities
ranging from 10” to 107 Sem™. In general, it is desirable for the ion

conductivities of such membranes to be as high as possible.

In addition, conventional ion conductive membranes are expensive and
technically difficult to produce, leading to high costs for articles containing such

membranes.

It is an object of the present invention to provide a polymer suitable for
the formatton of ion conductive membranes that alleviate at least some of the

above drawbacks.

Accordingly, one aspect of the present invention provides a method of
producing a polymer, the method comprising the step of copolymerisation of a
mixture comprising: about 15% to 50% by weight of water; about 10% to 50%
by weight of at least one copolymerisable surfactant; and about 5% to 40% by
weight of at least one copolymerisable monomer; whereby the resultant polymer

has aqueous domains having sizes smaller than 100nm.



has aqueous domai ns having sizes smaller than 100nm 28/07/ 22%2%%90
Advant ageously, the m xture conprises: about 20%to 25% by we {1 of water;
about 30%to 40% by wei ght of the at |east one copol ynerisable surfact ant,
and about 20%to 25% by wei ght of the at |east one copol ynerisable

nononer. Preferably, the mxture further conprises about 0.1 %to 0.4% by
weight of an initiator. Conveniently, tﬂe initiator is a redox initiator
or a photo-initiator. Advantageously, the m xture is a m croenul si on

Preferably, the a o ni ¢
unsat ur at ed. Conv‘éﬁ?%ﬁ?#eoggl?h p@k eas é&lgﬁj&s poql?%gr)? i g '%/éf

conpri ses anwat'epnhBo&UBDW&@MO%AHyaﬂE@%Q}fS{Hé at N&ast 0&1@0 cd Iy h@ﬁﬁle
conprises a quaternary ionic group. Preferably, the at |eas

copol yrer i s airfactamt;f amt ahotit 20%6mer 2 6byaweight bf tici ariéast sné ta lgtﬂiensable
Conveniently, the zwitterionic surfactant is an imdazole, benzim dazole
or piperazi fBORGIBEr.zwi tt eri oni ¢ surfactant. Advantageously, the at | east
one copol yneri sabl e surfactant conprises an ionic surfactant. 28/ 07/2004

Preferably, the mixture further comprises about 0.1% to 0.4% by weight

of an initiator.
Conveniently, the initiator is a redox initiator or a photo-initiator.
Advantageously, the mixture is a microemulsion.

Preferably, the at least one copolymerisable monomer is ethylenically-

unsaturated.

Conveniently, the at least one copolymerisable surfactant comprises an

ionic surfactant.
Advantageously, the ionic surfactant comprises a quaternary ionic group.

Preferably, the at least one copolymerisable surfactant comprises a

zwitterionic surfactant.

Conveniently, the zwittertonic surfactant is an imidazole, benzimidazole

or piperazine type zwitterionic surfactant.

Advantageously, the at least one copolymerisable surfactant comprises an

1onic surfactant.



3 Preferably, the at | east one copol yneri sabl e surfactant g E@@gs a non-
ionic surfactant. Conveniently,. the non-ionic surfactant c g@p{

pol yet hyl ene oxi de group containing fromabout 10 to about 110

pol yet hyl ene nononers. Advant ageously, the at | east one copol yneri sabl e
surfactant is copolynerisable with the at | east one copol ynerisabl e
nononmer. Anot her aspect of the present |nvent|on provi des a conpound havi ng
the structure: S03- (CH2)n1NCHCHCHN(CH2) V where 6<_ n5 20, 1<_ nbl0 and V

is (nmethyl)acryl t her ey i sabl g, uns ted

Pr ef er abl y, t he ?d'ﬁ%&m ﬁ’gaglgfi#f)ﬁ (%RP }’11&5}?9@‘? &Icya ?tcﬁglp%g 8&1‘?8 is a
nonomner . gﬁffc%ffa ect of the present invention provides a poI ymer
conpri sing omai ns containing at |east one polar solvent, the donains

havi ng sizes smaller than 100nm and the density of the domains being at

| east ~about 3* 1031m . Advantageously, the density of the domains is in the
. range from about Ca@widiehfiy theonadoauriic ubfactdb/cotprids @7pdPerhyleneRidder abl vy,
t he pol yner conprises:; about 23% water; about 29% Al PSA; about 22% MVA;
about 149% SENPURSRATRINGE fabous B e abostahApddyethylene monomers.

Advantageously, the at least one copolymerisable surfactant is

copolymerisable with the at least one copolymerisable monomer.

Another aspect of the present invention provides a compound having the

structure:
S()g'(CHz)m*NCHCHCHN(CHZ)HV

where 6<n<20, 1<m<10 and V is (methyl)acrylatc or another

- copolymerisable unsaturated group.
Preferably, the compound is a surfactant.
Conveniently, the compound is a monomer.
A further aspect of the present invention provides a polymer comprising
domains containing at least one polar solvent, the domains having sizes smaller

than 100nm and the density of the domains being at least about 3*10°/um’.

Advantageously, the density of the domains is in the range from about

3*10°/um’ to about 3.5%10°/um’,



about 1% EGDVA. Conveni ently, the polynmer has a conducti vi téﬁg} (126%3' east
0.5 Scm 1. Advantageously, at |east sone of the domains co ter.
Anot her aspect of the present invention provides nenbrane forned from a
pol ynmer according to the above. In order that the present invention may be
nore readily understood, enbodinents thereof will now be described by way
of exanple, in which; Figure 1 shows at p| cal ternary phase diagramof a
nononer/ surfactant/water mxture at 25 Figure 2 shows a typical

B o o0 bR B, o R Sl B A5
di stri but o t t
nvent 1 on: UL 8 SIS 1% SEM: i R R M P Bt oL 2R on

conducti vi t i gsut 0% PGMeMBaeNbr anes for rred from pol ynmers enbodyi ng the
present invention. The ability of the present invention to provide high ion
conductive polyners resides in the technique of copol ynerising m xtures
conprising about 28/07/2004 5 15%to 50% by wei ght of water, about 10%to
50% by wei ght of (nveastly.oie pobapet haverdoadiiiaviguef atdeast . S8amabout 5%t o
40% by wei ght of at |east one copol ynerisable nononmer. Preferably,

m croenul sions are enployed as m xtures for use in nethods

Advantageously, at least some of the domains contain water.

Another aspect of the present invention provides membrane formed from

a polymer according to the above.

In order that the present invention may be more readily understood,

embodiments thereof will now be described by way of example, in which;

Figure 1 shows a typical ternary phase diagram of a monomer/

surfactant/water mixture at 25°C;

Figure 2 shows a typical conductivity plot indicating an approximate

composition region for bicontinuous microemulsions;

Figure 3 shows a typical pore size distribution for a membrane formed

from a polymer embodying the present invention; and

Figures 4a and 4b give details of the compositions and ion conductivities

of nine membranes formed from polymers embodying the present invention.

The ability of the present invention to provide high ion conductive

~ polymers resides in the technique of copolymerising mixtures comprising about



enbodyi ng the present invention (precursor mxtures). A theégﬂgxﬁﬂgically
stable mcroemulsion is a transparent coll oidal dispersion nd

water, stabilised by a surfactant. Depending on the proportion of
conponents and the hydrophile-lipophile value of surfactants used in a

m croemnul sion, the formation of the mcroenulsion can be in the form of
droplets which are swollen with oil but dispersed in water (normal or QW
m croemnul sion), or swollen with water bt di spersed in oil (inverse or WO

m cr oemul si ORke i tion,. bi.continyou I Cr | si ons exj st whose oi l
and aqueous gér{%#&nga%?té}b’%ﬁﬂgrﬂfﬁwaeﬁt PB@&R%:foe (?"t)jb)féi‘fel‘ﬁs@ i deast oae
structures. JdhRIARQYRLILSETA | o,0f 0 ' i.on. of or ganic
conmponents in aﬁﬁi xt ur e enaﬁ%&saﬁ?ms)%?ﬁgé?gfdo w@?@gnﬁeé{ 55 Q08 ous
channel s, whiopblynhaitsabk mon@semhen the fini shed pol ynmer has been dried.
These pores are randomy distributed in the resulting polyner, and when
the polyner has been dried the pore sized distribution ranges from around
10nmto 30nm The, n tLl}r]e of these pores (i.e. closed cell or open cell)
can be deternine IBEPW ¥% magracrgulsians; ase empéoyied sl mugterep dorynser inj mmettinided.
Turning to Fj . ternar hase di agram of a pononerl syrfactant/water
m xture at f?%%ﬂlr 1@1 PISSRR Z‘T‘%Bﬁ@n Iéescgrs% apgwies)- sh othermpduimicalie

di agram i s resaRtGImd¥iop foht idal di & rgd Lo use
mxtures falling wthin t oﬁsgd%ttt?%lgﬁé%gg c?’ir}glr(rfélz ﬁé%semgﬁ%oog;?ﬁgmd?ﬂ@%e& esent

invention. Ambiliseddey seerfaétanm Depstiding ontt%Ff@@rﬁorP eﬂéb&ﬂgbﬂéﬁty ahdl thd he

m xture increases substantially in the bicontinuous m croenul sion region.

28/ 07/ 2004 hydrophile-lipophile value of surfactants used in a microemulsion, the formation
of the microemulsion can be in the form of droplets which are swollen with oil
but dispersed in water (normal or O/W microemulsion), or swollen with water
but dispersed in oil (inverse or W/O microemulsion). In addition, bicontinuous
microemulsions exist whose oil and aquecous domains are randomly

interconnected to form sponge-like structures.

The above-described technique of polymerisation of organic components

in a mixture enables the synthesis of interconnected aqueous channels, which
. become pores when the finished polymer has been dried. These pores are
randomly distributed in the resulting polymer, and when the polymer has been
dried the pore sized distribution ranges from around 10nm to 30nm. The nature
of these pores (i.e. closed cell or open cell) can be determined by the rate at

which the resultant polymer is dried.

Tuming to Figure 1, a ternary phase diagram of a
monomer/surfactant/water mixture at 25°C is shown. The single-phase
microemulsion region of the diagram is represented by a dotted area, and it is
preferred to use mixtures falling within this dotted area in methods embodying

 the present invention. As can be seen from figure 2, the ionic conductivity of

the mixture increases substantially in the bicontinuous microemulsion region.



6 The interconnected aqueous nanostructures in polynerised gé@&@@&i
enbodyi ng the present invention arise fromthe rapid copoly i on of
substantially all polynerisable organic conponents present in the precursor
m xture. Such rapid copolynerisation is initiated by either redox or photo-
initiators at |low tenperatures, to ensure the nanostructural stability of
the mxture during the copolynerisation thereof. In a preferred enbodi nent
of the invention, the copolynerisable surfactant present in the precursor
m xture is anionic, and may, for instance, have the structure:
CH2=CR- CONR- CH2( CHR) n- COOM where Mis either ammoniumor a netal cation, R

is either a hydr n. L kyl aroup selected fromthe group having 1,
2, 3, 4 or 5 car g%% *’?‘IS@%"%%‘BK W%PES GLINQEBHCIUIRS; & ﬂ%{{IY% lﬁth%mfeS
copol yrmer i s dsi; 7w tierioni cg and . ve .l he
structure: S03-( yN@I%ﬁ%%ﬁ?%@mﬁﬁﬁéer@%{heng%lﬂg?gpf@%&}éatlf& %d Vis
(met hyl ) acr wubstentdsilyaalt ﬁ@l&meﬁ@ﬂﬂéy@%ﬁa%ﬁpb&m Wréde! if" @K Ppredtiissr
surfactant nmononer, which contains a  sul phonic acid group, Is particularly
advant ageougnixiurear Byéingapdt capolymeremtion isnnéitted by Sididd Weddbr photo-
initiators at low temperatures, to ensure the nanostructural stability of the

mixture during the copolymerisation thereof.

In a preferred embodiment of the invention, the copolymerisable
surfactant present in the precursor mixture is anionic, and may, for instance,

have the structure:
CH,=CR-CONR-CH,(CHR),-COOM;

where M is either ammonium or a metal cation, R is either a hydrogen or an
alkyl group selected from the group having 1, 2, 3, 4 or 5 carbon atoms, and

where 6<n<20.

Alternatively, the copolymerisable surfactant may be zwitterionic, and

may have the structure:
SO5(CHy), NCHCHCHN(CIL),V

where 6<n<20, 1<m<]0 and V is (methyDacrylate or another
copolymerisable unsaturated group. This surfactant monomer, which contains a
sulphonic acid group, is particularly advantageous in carrying out the present

invention.



As a further alternative, the polynerisable surfactant may /Og@ra-i oni c,
and may, for instance, have the structure: RO(CH2CH20) x- ( CH ? %ere Xis
an integer ranging fromabout 10 to about 110, and where V is p-

vi nyl benzyl, (nethyl)acrylate, or another copol ynerisabl e unsaturated
group. It will be understood that suitable surfactants are not limted to
those given above, and many other surfactants nmay be included in a
precursor mixture for use in the nmethod of the present invention.

Et hyl eni cal | y unsat ur.at ed noners that. can. be effectively enployed in the
method of the préssewfumeﬁ?%ﬁwenmma@waswle Eng mayebq pRayonic,

moncar boxy e 00 for WiiheQdtale fsSelee:, % W) A et hacr vl i ¢ aci @ (M

the Cl to Cl12 al kyl alcohol esters of acrylic as well as nmethacrylic acid;
and other esters of the acids such as sodiumsalt of

3-sul phopropy! ( MRONWIHL@BHYONCCRENV (SPM and gl ycidyl nethacrylate (GWA);
substituted nethacryl ates an acryl ates such as 2-hydroxyl et hyl
met hacryl ate (HEMA) and 2- hydroxyl ethyl acrylate; vinyl aryl nonononers

such as styrene gnd lithium styrene sul phonate, Ltriles of ethylenically
unsat ur at ed "OEFHEA5 AR dDIEESTFANGIRG %aﬁewyl(gm bt 41 fledWh?ﬂqéQFSyP“onitri | e

VWi | e et hyl ene qal yveol, dinet hagr.yl at e . enpl.oved,as a

cross! | nk) ng TRABRESE i LORES kB ol eeb L PR e SRR e Boeboss i nii ng
agents such as diethyl ene glycol dinethacrylate, diethylene glycol

di acrylate and y-nethacryl oxypropyltrinmethoxysilane are also effective.

) It will be understood that suitable surfactants are not Iimited to those
given above, and many other surfactants may be included in a precursor mixture

for use in the method of the present invention.

Ethylenically unsaturated monomers that can be effectively employed in
the method of the present invention include methyl methacrylate (MMA),
acrylonitrile (AN), butyl acrylate (BA); ethylenically = unsaturated
monocarboxylic acids such as acrylic acid (AA) and methacrylic acid (MA); the
C, to C,, alkyl alcohol esters of acrylic as well as methacrylic acid; and other
esters of the acids such as sodium salt of 3-sulphopropyl(methylacrylic acid
(SPM) and glycidyl  methacrylate (GMA); substituted methacrylates and
acrylates such as 2-hydroxylethyl methacrylate (HEMA) and 2-hydroxylethyl
acrylate; vinyl aryl monomomers such as styrene and lithium styrene sulphonate,
pitriles of ethylenically unsaturated carboxylic acids such as acrylonitrile and
methacrylonitrile.

While ethyléne glycol dimethacrylate (EGDMA) may be employed as a
crosslinking agent in methods embodying the present invention, crosslinking
agents such as diethylene glycol dimethacrylate, diethylene glycol diacrylate and
v-methacryloxypropyltrimethoxysilane are also effective.



28/ 07/ 2004 8 As nentioned above, for |ow tenperature (e.g. E}ﬁgrg 4
tenperature) polynerisation, a photo-initiator, a. redox-i n? i {(S)P or a

m xture of both are preferably enployed. Exanples of effective
photo-initiators include 2,2- dinmethoxy-2-phenyl acetophenone (DWA) and

di benzyl ket one. Exanpl es of effective redox-initiators are anmoni um

persul phate and NN, N , N - tetranethyl ethyl ene diam ne (TMEDA). In addition
to the above, the water domains of the precursor mixture may optionally

i ncl ude various additives aav*')ng specjfic properties. Such additives are
sel ected for confst APsRjionedeabevey &rohwts‘mw%m@ K&€ul TOPHY HBPFHREIE) and

e e L SnefYEe, snBhOEhRihe o Rl B AL pelif oY "
m xture by éfeP;g)l)t/ h&nﬁlagé&pr B Wn@{fé&ive' i)hbﬁ).-i?ﬁﬁaiﬁfsr Gcihge fzz?-m a
m croemnul si on and,” w t ppropriate fornulations, mcroenul sions - "form

spont aneous |diméthonry+P-phdiy] abetophemmeaMMP A) dod dibbhlykaesd BxampleOopus
stirring. However, the mxture may be stirred as nmuch as is necessary to
form an appfisptivat ecdaxeindt@gitatssi are. Tmmopaimrepdrsephate odnd hA,NiNLYenul si on

may occur readily ver (as Loned above) at roomtenperature

phot o-i ni ti &%m@ygﬁ\zgﬁenerﬂlﬂmm%@%b th are likely to be required. If
relatively | arge sanples of polynmer are to be produced, several hours of
continuous polynerisation my be required to produce a sanple of useful

mechani cal st rengh bqdition to the above, the water domains of the precursor mixture may
) - optionally include various additives having specific properties. Such additives
are selected for conferring a desired property on the resulting polymer, and

include fillers, dyes, inorganic electrolytes and pH adjusters.

In carrying out the present invention; it is first necessary to form a
precursor mixture by mixing the appropriate components. It is preferred to form
a microemulsion and, with appropriate formulations, mierocmulsions - form. -
spontaneously upon mixing the components, with little need for vigorous-

~ stirring. However, the mixtare may be stirred as much as is necessary to form

an appropriate microemulsion.

The polymerisation of the microemulsion may occur readily, however (as
mentioned above) at room temperature photo-initiators, redox initiators or both
are likely to be required. If relatively large samples of polymer are to be
produced, several hours of continuous polymerisation may be required to

produce a sample of useful mechanical strength.

Since a major application of polymers embodying the present invention is -
in the formation of membranes, it is often desirable to form the resultant
- polymer into a thin sheet. This can be achieved, for instance, by sandwiching

the mixture between two glass plates during polymerisation, or by coating the



Since a major application of polynmers enbodying the presentgiayeghson is

in the formation of nenbranes, it is often desirable to formthe resultant
polymer into a thin sheet. This can be achieved, for instance, by

sandwi ching the m xture between two gl ass plates during polynerisation, or
by coating the 28/07/2004 9 m xture on ot her nenbranes such as papers,
glass fibres or other polyner nenbranes. Figure 3 shows typical pore size
di stributions for menbranes fabricated Ehsing pol ymers produced by nethods

enbodyi ng the present Jdnvention. It wll Dbe seen that the yast jority of
aqueous domﬁnﬁfgn nh ﬁ@%ﬁﬁ?ﬁ’ﬁ Shs.ﬂ?g asdipgﬁ%rtselggaSF 19158 Qfeg%{}ﬁ pé’irﬁﬁ?fnm to
30nm I—b\A/evgﬁemg]}gﬁ%Qqueous domains may have dianeters of up to 1 OOnm The
nunber of aqueous donmi ns per unit volume of a polyner enbodying the
present invention will vary dependi ng upon the size. of the aqueous

dormai ns. However, in a preferred enbodi ment of the present invention, the
density of aqueolisguioBashwsvs typital lpors$iz8didEbvtidhs fondnerabranes fabrivhtegd as
3.5%*105 /nB. The eixi stence of numerous aqueous domai ns random y distributed
t hr oughout ﬂélﬂgrﬁqufﬁﬁrmﬁau@ﬁﬂ %m%laf@%e% ing thenprepgrt dRyRntiony di 91N

Wil be - aBrashaban etk meldyaet Raconigd B8 OhortgRe e
conduct | Vi igefnerbASHABY redibh o2 H0fith 10'50:8" HRWEREE T hiBH WSS A 1 ST N0

t hese pol yners 1
have diameters of up to 100nm.

The number of aqueous domains per unit volume of a polymer
embodying the present invention will vary depending upon the size of the
aqueous domains. However, in a preferred embodiment of the present invention,
the density of aqueous domains is at least 3*10° /um®, and may be as high as

3.5%10° /um’.

The existence of numerous aqueous domains randomly * distributed

" throughout polymers formed by methods embodying the present invention

facilitates the transport of ions or protons through the polymers, and it-will-be .

) appreciated that this feature gives the polymers high ion conductivities, thereby

improving the performance of membranes comprising these polymers in
Applications such as, for example, fuel cells. '

The water in the domains can readily be removed by drying, and other
polar solvents, such as ethylene carbonate or electrolyte solutions, can be
introduced into the vacant domains. It will be appreciated that such polar
solvents may confer beneficial properties on the resultant polymer, and the
selection of the solvent to be introduced into the vacant domains will depend

upon the intended application of the polymer.



Applications such as, for exanple, fuel cells. The water inzﬁhggg@gains can
readily be renoved by drying, and other polar solvents, such as ethyl ene
carbonate or electrolyte solutions, can be introduced into the vacant
dormains. It will be appreciated that such polar solvents nmay confer
beneficial properties on the resultant polyner, and the selection of the
sol vent to be introduced into the vacan; domains will depend wupon the

i nt ended application of the polynmner. 281%7/2004 10 In addition to the

desi bl f .. Of i h i i h
fact that the meihadaisn ol RBEARRI RN 2P BEABGRRs HROM R Leony
single st eﬁgféseﬁ’t- ilvBRtGD 1RO 'Y EBthhE el ARt m@géén@%@’emﬁo GfectiVa

organi c co )

onents In the precursor mXxture ossible to pP’OdUCG

pol ymer s veinvotvisanily alsingle stopt (hedtheeedpolyhidgishtién bf Sse¥dntialyail dOthe

Indeed, it has been found that nenbranes can be formed using nethods
enbodyi ng t heganpr esmponénty aént thenpreoursar euntirg)omaked %t glossible tmprodifce
produci ng conventional . i on conductive nmenbranes. Figures 4a and 4b show
t abl es whi cROKMEESs Very chsaplyusing methnds sighashying thegneseat inpenjions Indeed,

rentranee. 960 4Rt ML ME RS et B B R b
F(()Z:-I g;mn“\lée—‘lb F(%EIN g]}gﬁ 1 O%Jé_é'%_'ﬁ%k; %3/? A!A@sl\/é S(%ﬁﬂé cost of producing conventional
( CH2_CH( CH2jon&EaNdGEIGHGIHeENGIdS ( CH2) n5C3) , nononers such as
)
Figures 4a and 4b show tables which give the composition and protonic
- conductivity of 9 membranes, each of which were synthesised by me¢thods
embodying the pfésent invention from bicontinuous microemulsions consisting
of polymerisable surfactants, such as AIPSA (SO;5
(CHy),, NCHCHCHN(CH,),COOCH=CH,) or APMPSA
(CH,-CH(CH,),CONHCHCHCHCHN CH5(CH.),SO5"), monomers such as
acrylonitrile ~ (AN) and methyl methacrylate (MMA), -2,2,33--
tetrafluoropropylmethacrylic acid ester (FMA), N-acryloyl-N’-methylpiperazine
(NAMAP),- 3-sulphopropylmethacrylic acid ester (SPM) Bis-3-sulphopropyl-
) . - itaconic acid ester (SPI) or [(2-methacryloyloxy)ethyl]-dimethyl(3-sulpho-
propyl) ammonium hydroxide (MDSPA), and N'N methylene bis-acrylamide
(MBBA) or ethylene. glycol dimethacrylate (EGDMA) or y-
methacryloxypropylitrimethoxysilane (A174) as a crosslinker.

The bicontinuous precursor microemulsions were simply polymerised or
impregnated in glass-fibre sheet or filer paper before being subjected to
polymerisation at room temperature using either a UV photo-initiator (2,2-
dimethoxy-2-phenyl acetophenone (DMPA) and dibenzylketone (DBK)) or a

redox initiator comprising an equimolar mixture of ammonium persulphate
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- met hyl pi perazi ne (NAMAP), 3-sul phopropyl netha.crylic
Bi s- 3- sul phopropyl - itaconic acid ester (SPlI) or

acid
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conductivities as high as one order of magnitude above those displayed by

conventional membranes.

In summary, it will be appreciated that the present invention provides a
method of producing polymers that may be used to form membranes displaying
significant advantages over conventional membranes, including increased

protonic conductivity and reduced cost.

In the present specification "comprises”:means "includes or consists of”

and "comprising” means "including or consisting of".

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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met hod conprising the step of copolynerisation of a mxture conpri sing:

about 15% t comdlymbyisaiingdfta mixtuat @mpridiogit 10% t o 50% by wei ght. of at | east
one copol ynerisable surfactant, = wherein the at |east one copol ynerisabl e
surfactant is a abeuttléfh tnd@edyyrweightok watesl ect ed from the group consisting

and about 5% t o AGU S s GEe bF EREIGGH: lest oos SOPYWEIT GADSHORGRbr .
wherein the at least one copolymerisable surfactant is a zwitterionic surfactant
selected from the group consisting of imidazole, benzimidazole or piperazine
type zwitterionic surfactants; and

about 5% to 40% by weight of at least one copolymerisable monomer;

whereby the resultant polymer has aqueous domains having sizes smaller
than 100nm.

2. A method according to Claim 1, wherein the mixture comprises:

about 20% to 25% by weight of water;

about 30% to 40% by weight of the at least one copolymerisable
surfactant; and : '

about 20% to 25% by weight of the at least one copolymerisablé .

monomer.

3. A method according to Claim 1 or 2, wherein the mixture further

comprises about 0.1% to 0.4% by weight of an initiator.

4. A method according to Claim 3, wherein the initiator is a redox initiator

or a photo-initiator.

5. A method according to any preceding claim, wherein the mixture is a

microemulsion.
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to daiml or 2, wherein the mxture further conprises about 0.1% o0 0.4%
by weight of an initiator. 4. A method &tcording to Claim3, wherein the
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copoi yrer PO TERNLF Hesufitss B RS oA Bled, *7" A et hod accor di ng
to any preceding claim wherein the at | east one copol ynerisable
surfactant is copolynerisable with the at | east one copol ynerisable

nmononer. 8. 7A polAy mesth¢d adewrdthgats anyliprecdding chitinh achedéinaiy gnRagford ai N5 1
to 7, conprising domains containing at |east one polar solvent, the
domai ns havicapolymerisable surfactant is copolymerisable with the at least one

. copolymerisable monomer.

8. A polymer produced according to a method of any one of claims 1 to 7,
comprising domains containing at least one polar solvent, the domains having
sizes smaller than 100nm and the density of the domains being at least about
3*10°/pm’.

9. A polymer according to Claim 8, wherein the density of the domains is in
the range from about 3*10°/um’ to about 3.5%10°/um’.

10. A accordingto any one of Claims 8§ or 9, having a conductivity of at least-

0.5 Sem’™.

) 11. A polymer according to any one of Claims 8 to 10, wherein at least some:

of the domains contain water.

12. A membrane formed from a polymer according to any-one of Claims 8 to

11.

13. A polymer substantially as hereinbefore described, with reference to the

accompanying drawings.

14. A compound substantially as hereinbefore described, with reference to

the accompanying drawings.
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