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SALTS BACKGROUND OF THE INVENTICN 5 The present invention relates
to a nethod for the preparation of cation exchange nenbranes doped with

I nsol ubl e mu,?f]lg-,,ﬁﬂ-,ts and, in particular, to a nethod for pigchdsRBIEati on
of cation exchange nenbranes whi ch have insoluble salts of silver,
tungsten, nol ybdenum 10 or a mxture thereof, deposited within the

pol ynmer matrix of the nmenbrane. The ingol.uble salt which is deposited
within the polymer matrix of the nenbrane is preferably a sulfide of
silver, tungsten, nolybdenum or a m xture thereof. 15 PRIOR ART Cation
exchange menbranes have been proposed for use in various el ectrochem cal
applications, including chlor-alkali_cells fuel rgy 20
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i mpr egnat ed i nt 6ox Hehe preparatlon of catlon exchange membranes which
have insoluble salts of silver, tungsten, molybdenum

10 or a mixture thereof, deposited within the polymer
matrix of the membrane. The insoluble salt which is
deposited within the polymer matrix of the membrane is
preferably a sulfide of silver, tungsten, molybdenum,
or a mixture thereof.

15
PRIOR ART

Cation exchange membranes have been proposed
for use in various electrochemical applications,
including chlor-alkali cells, fuel cells and energy

20 storage/power delivery devices. In these devices the
cation exchange membrane serves to separate the
compartments of the cells, whilst providing a
conducting pathway for cations through the cell. For
certain applications, such as for use in the chlor-

25 alkali process or fuel cell applications, the
membranes may also have metallic catalytic electrodes
formed on the surface thereof. Proposals for the
preparation of such membrane/electrode composites
include the process as disclosed in US Patent No.

30 4959132 whereby a metallic catalytic film is formed on
the surface of the membrane by the reduction of a
water soluble metallic salt impregnated into the
membrane to form the metal.

For use in electrochemical applications, a cation

35 exchange membrane requires a high voltage efficiency,



menbrane to formthe netal. For use in electrochem cal applications, a
cation 35 exchange nenbrane requires a high voltage efficiency, WO
97/ 11117 PCT/ GB96/ 02306 -2- i.e. a
| ow resi stance. Low resistance nmenbranes generally have a high water
content andv@P¥IMBt very selective, i.e. have a | ow curr eRECT/EBIGGIIWNCY .
What is required is a nenbrane with both | ow resi stance and 5 hi gh
selectivity. In order to inprove the pernsel ectivity of cation exchange
menbranes, i.e. the ability of the merorane to allow cations to pass
through it, whilst not allow ng anions to pass through it, various
approaches 10 have been adopted. One approach has been to nmake bi-|ayer
menbranes in which a | ow resi stance menbrane is surfaced on one side with

anl ani on _rej eCLié).ESd AW r?%ik@&‘ﬁ{:eWatl_%mcz@gi%&?ncjéh?némhfaﬁ@é’e;] _WE”E_V aﬂle has .
cati oni oal |y SRR, Aays BrhLoB e, SRaisrsnaBa, FES LY which o | ow
i on exchange cglesittiyve(hiigle-chavead ckew inprent effdraapcyr oWhids the anion
rejection surfasadqigied RePanketpdnd th sRAheIpwapdsOcancd e in which
a carboxylic qgj "quk q?ig¥ovides_the anion rejection surface |ayer
( DuPont fion eries). 1hese bi-layer nenbranes are surfaced on one
side only for ani ot gréeki §A LAPECYDHSLNT iIRRFTFeLeCtivhty | of Rt Mases (300
and 900) ani orexctifid @embranes, i.e. the ability of the membrane
to allow cations to pass through it, whilst not
allowing anions to pass through it, various approaches
10 have been adopted. )
One approach has been to make bi-layer membranes
in which a low resistance membrane is surfaced on one
side with an anion rejection layer of lower water
content. This bi~layer membrane has a low resistance
15 bulk portion with a surface layer which is highly
cationically selective. Examples of such membranes
are those in which a low ion exchange capacity {high
eguivalent weight) membrane provides the anion
rejection surface layer (bDuPont Nafion 300 series) and
20 those in which a carboxylic acid membrane provides the
anion rejection surface layer {DuPont Nafion 9200
Series). These bi-layer membranes are surfaced on one
side only for anion rejection in a specified
direction. In both cases (300 and 900) anion rejection
25 is achieved by reducing the water content of the
surface of the membrane.
Another approach has been to precipitate silicon
dioxide into Nafion sulfonic acid membranes in order
to decrease the water content of the membrane.
30 {(Multiphase polymers:blends and ionomers, Chapter 16,
L.A. Utracki and R.A. Weiss, ACS Symposium series 395,
June 5-11 1988, p 401-417). This treatment results in
an improved selectivity of the membrane by reducing
the water content of the membrane, but increases the
35 membrane resistance.



25 I's achi eved by reducing the water content of the surface of the

menbr ane. Anot her approach has been 10 precrprrare sriicom droxide—tnto
Nafion sul fonic acid nenbranes in order to decrease the water content of

t he nenbrane. 30 (Mul ti phase pol yners: bl ends and i ononers, Chapter 16,
L. A. U racki wonenils. Wi ss, ACS Synposi um series 395, JunepdrmdgoshPine: P
401-417). This treatnent results in an inproved selectivity of the nenbrane
by reducing the water content of the menbrane, but increases the 35

menbr ane resi stance. WO 97/11117 -~ 3 - _

PCT/ GB96/ 02306 -3- In our PCT Application PCT/ GB95/00668 we have descri bed
a nethod of decreasing the water content of a cation exchange nenbrane for
use in an electrochemcal cell, whilst retaining the same ion 5 exchange

capacity and pernsel.ectj vi These .cati n nbr anes, whi ch have
a FOW e?/ect roloyt ic r%si"é%i %I}é? App ’rn"a&“rﬂ"g%%ﬁ%grgg(g‘g?%i‘fey, 3X¥fPe produced by
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insoluble int { i £h, 1.0 _US t..ejther side of the
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fg%ivity with a high permselectivity, are produced
by depositing an ionic salt which is a silver,
tungsten or molybdenum salt or a mixture thereof,

10 within the polymer matrix, the said salt being
insoluble in the electrolytes which, in use, contact
either side of the membrane. The insoluble ionic salt
which is deposited within the polymer matrix of the
nembrane is preferably a bromide, chloride, sulfide or

15 hydroxide of silver, tungsten or molybdenum, or
mixtures thereof, more preferably a sulfide.

The method for depositing the insoluble ionic
salt within the polymer matrix of the membrane, as
disclosed in PCT/GB95/00668 comprises the steps of:-

20 i) contacting the membrane with an agueous

solution of a water soluble salt, of silver,
tungsten, molybdenum or mixtures thereof;
and

ii) converting the water soluble salt from step

25 (i) into an insoluble salt.

The water soluble salts used in this method are
preferably the nitrates and the preferred insoluble
salts are the sulfides of the said metals which may be
precipitated by treating the membrane with a suitable

30 sulfide ion in solution, such as sodium sulfide.

A number of factors affect the preparation of
insoluble metal sulfides in the polymer matrix of the
membrane including:-

i) the high concentration of ions adsorbed in

35 the membrane suppresses the diffusions of 8%



The met hod for depositing the insoluble ionic salt within the pol yner
matrix of the nmenbrane, as disclosed in PCT/ GB95/ 00668 conprises the steps
of:- 20 i) contacting the nmenbrane with an agueous solution of a
wat er soluble salt, of silver, tungsten, nolybdenum or nixtures thereof;
and ii) corWes®¥iMy?the water soluble salt fromstep 25 PCT/GB96/02306 (| )
into an insoluble salt. The water soluble salts used in this nethod are
preferably the nitrates and the preferred insoluble salts are the sulfides
of the said netals which may be prectrpftated by treating the nenbrane with

a suitable 30 sulfide ion in solution, such as sodium sul fide. A nunber
of factors affect the preparation of insoluble netal sulfides in the
polymer matrix of the nenbrane including:- i) t he hi gh concentration of

i ons adsorbed in 35 or HS ion&hgntEniHannbrapeesssd the diffusions of
S[err] WO 97/ 111 PCT/ GB96/ 02306
-4- or HS[err] i ons}H“ut otl?%el%rﬁ?f‘gﬁé‘traﬁao?l?f 11H"‘tall \X‘/°85ngléﬁ?t? ation of

metal ions which are in auiin mauihikcinnt withethe matiad| gulfide et nenbr ane
- sol ution boundary | eadéhé Gneéibrane - solution GSWifIdryalle@dsJEsdd ent which

accel eratee the i fusi o gl Bl hoUahPeh S EID ARG 6r30LY b

boundary. a result the net pr eci
diffusion of metal 1ons to the membrane -

solution boundary.
As a result the metal sulfide is precipitated
either at the membrane surface, or in the region of
10 the polymer matrix adjacent to the membrane surface.
A typical penetration depth is about 30% of the
thickness from the surfaces of both sides of the
membrane, thus leaving a deficient band in the centre
of the membrane. _
is We have now developed an improved method for the
preparation of cation exchange membranes which are
doped with insoluble sulfides of silver, tungsten,
molybdenum, or mixtures thereof.

20 SUMMARY OF THE INVENTION
Accordingly, the present invention provides
a method of preparing a modified cation exchange
membrane in which a sulfide of silver, tungsten,
molybdenum or a mixture thereof is deposited within
25 the polymer matrix, which method comprises the steps
of:-

i) forming within the polymer matrix of the
membrane a complex of silver, tungsten,
molybdenum or a mixture thereof with a water

30 soluble compound containing an -SH group;
and

ii) converting the complex formed in step (i)
into the insoluble sulfide of silver,
tungsten, molybdenum or a mixture thereof.

35



ei ther at the nenbrane surface, or in the region of 10 t he polyner
mat r1 X ad) acent to the menbrane surrace. A typrcat penetratiom depth—is
ahout 30% of the thickness fromthe surfaces of both sides of the nenbrane,
thus leaving a deficient band in the centre of the nmenbrane. 15 e
have now devwbopedian i nproved nethod for the preparation @bricib

exchange nenbranes which are doped with insoluble sulfides o SI

tungsten, nolybdenum or m xtures thereof. 20 SUMVARY OF THE INVENTICN
Accordi ngly, the present invention proyides a nethod of preparing a
nodi fi ed cation exchange nenbrane in which a sulfide of silver, tungsten,
nol ybdenum or a m xture thereof is deposited within 25 t he pol yner
matri x, which nmethod conprises the steps of:- i) formng within the

pol ymer matri X g; E Eggaggg g cgnplex of S|Iver tungsten, nol ybdenum or
a nrxture ther A£H o THE INVENT ubl e conmpound cont ai ni ng
an -SH group; and iThecoentranendst prefenpblx debnydedted pripr (89 into the

i nsol ubl e sul f ke efestharet .ir WREP! ¢0) AV Ry a'én m’.ﬁi&{e therGOf- 35
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DESCRI PTI O\I OF ?ﬁﬁywkﬁvmﬁ?grﬁ‘é‘ﬁb?gﬁ%r?’@gprt@?efg BYERREA d prior to

compound containing an -SH group.

One membrane which may be modified according
to the present invention is a cation exchange membrane
formed from a fluorocarbon polymer grafted with
styrene via gamma irradiation and subseguently

10 sulfonated to give sulfonic acid pendant chains or
grafted via gamma irradiation with an unsaturated
carboxylic acid, such as acrylic or methacrylic acid,
to give carboxylic acid pendant chains. The
fluorocarbon is preferably polytetrafluoroethylene, or

15 a fluorinated ethylene~propylene copolymer. The
membrane is prepared by grafting the styrene onto the
fluorocarbon polymer using gamma irradiation and then
sulfonating the grafted polymer, for example by using
chlorosulfonic acid, or grafting an unsaturated

20 carboxylic acid onto the fluorocarbon polymer using
gamma irradiation.

The radiation grafting of vinyl-substituted
monomers to polytetrafluoroethylene and polyolefin
films is known in the art and reference is made to US

25 Patents Nos. 4230549 and 4339473.

Another membrane which may be modified according
to the present invention is a cation exchange membrane
formed from a copolymer of tetrafluoroethylene and a
sulfonated or carboxylated vinyl ether, such as those

30 sold under the trade names of Nafion (Du Pont), for
example Nafion 112,115 or 117, and Flemion (Asahi
Glass).

Another membrane which may be modified according
to the invention is a cation exchange membrane which
35 is a polystyrene sulfonate membrane from Tokuyama Soda



the treatnment in step (i) above. The dehydration assists in the nenbrane
absorbing the solution of the 5 conpound contai ning an -SH group. One
menbr ane whi ch may be nodified according to the present invention is a
cati on exchange nmenbrane forned froma fluorocarbon polynmer grafted with
styrene vi SWQaWMHIIT rr adi ati on and subsequently 10 sul f PEAIGRIENI0Q| ve
sul fonic acid pendant chains or grafted via gamma irradiation with an
unsaturated carboxylic acid, such as acrylic or nethacrylic acid, to give
carboxylic acid pendant chains. The TI®&ctocarbon is preferably

pol ytetrafl uoroet hyl ene, or 15 a fluorinated ethyl ene-propyl ene

copol yner. The nenbrane is prepared by grafting the styrene onto the

fl uorocarbon pol yner using gama irradiation and then sulfonating the
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the invention is a cation
membrane which may used 1s a cross-linked aromatic

10 polyamide, for example of the Kevlar type.

Preferably, in carrying out the method of the
present invention, the cation exchange membrane
impregnated with an agueous solution of a silver,
tungsten or molybdenum salt, or a mixture thereof, or

15 with an agueous solution of a chelate of silver,
tungsten or molybdenum, or a mixture thereof, is
contacted in step (i) with an aqueocus solution of a
water soluble compound containing an -SH group which
is capable of forming a complex with silver, tungsten

20 or molybdenum.

When the membrane is to be impregnated with
silver sulphide, it is preferably contacted in step
(i) of the method with a water soluble salt of silver,
prior to impregnation of the membrane with the ~-SH

25 containing compound. The water soluble salts
generally used in carrying out this step of the method
are the chloride, bromide or nitrate, most preferably
the nitrate. Generally, in the formation of the
impregnated membrane, the -SH compound will be at

30 least in a stoichiometric excess as compared to the
water soluble salt of silver.

When the membrane is to be impregnated with
tungsten or molybdenum sulfide it is generally
preferred to form a chelate complex of tungsten or

35 molybdenum since some of the water soluble salts of



35 s a pol ystyrene sul f onat e nenbrane from Tokuyama Soda WO 97/ 11117

PCTT GBI67 2306 S0l das "NEOSEpPT & TNV NEOSepTa TV —Neusepta—thvH and Neosept a
Cvs, and Sel em on (Asahi d ass). Other nmenbranes which nmay be used in the
present invention are heterogeneous nenbranes such as those 5 based on

pol ystyrene wobf/aat € i on exchange resin bl ended with anot BefcRetessR’ Such
as pol yet hyl ene. Anot her type of nenbrane which may be used is a post-

irradiation grafted nenbrane. Yet anothgr_otype of nenbrane which may be
used is a cross-linked aromatic 10 pol yam de, for exanple of the Kevlar
type. Preferably, in carrying out the nmethod of the present invention, the
cation exchange menbr ane i npregnated with an aqueous soI ution of a silver,
tungsten or bdenum salt, or a mixture thereof, or wi th an aqueous

sol uti on of a c upgstenfang I"\?éVbdFBH@st%‘FF'bra%Trﬂ%&éﬂaﬁ}d%‘f’v BER xture
t hereof, i s conpaehedts mystrelyeis. W Compoursigiadth shiohi eateaf a water

sol ubl e corrpounﬁoglggiéuéyerlgt@ngoﬁghgﬁgypc%m flo§mgapggllgogbg‘ﬁ{)m ng a

complex with silver, tu t enum rane is to
be | npregnated MEHEYT s‘E}F]SHFGeB hydy Y;ﬂ“éf"é’llétBFy tolwenra s 4n step (i)
of the metsod wiithioladrebesabihl @-saime of silver, prior to inpregnation of

the nmenbrane with t%m%'m%%atefogéﬁkﬂ oqng;gggggdﬁo;[@guﬁﬂ(?ear ol uble

salts generally used in carrxl out t e the
chloride, broni a8 FrHR PRLE! ﬂﬁ%tb?)r‘é?"é’rdm e present Inventton

are thio compounds such as 1soth10urea, thio acids,
such as thiocacetic acid; thiocamides, such as
10 thioformamide, thicacetamide or thiobenzamide; or
mercaptans such as mercaptoalcohols, e.g. mercapto-
methanol, 2-mercaptoethanol, 3-mercapto-propanol, 3-
mercaptobutanol or 4-mercaptobutancl; or mercapto-
acids, e.g. mercaptoacetic acid, 3-mercaptopropanoic
15 acid or 4-mercaptobutanecarboxylic acid. Generally,
the -SH group containing compound will be used in an
excess, in order to ensure complete formation of the
complex in step (ii) of the method.
Thiourea and isothiourea are in equilibrium in

20 aqueous solution according to the following equation:
Thiourea NH, NH, isothiourea
N\ N
,C=8 ——=— __C-$H
NH, NH
25

The SH form (isothiourea} can bind Ag® ions
according to the following eguation:~-

30 NH NH,
. ’\c SH + Ag® ———— o= /\C-S—Ag‘+H'.
N7 - NHZ

35
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7- tungsten and nol ybdenym such as the chlorides, are

sis. Compounds wi th which water soluble chel ate conpl exes
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NH,

NH,”

C-S Ag’

CO(NH,}), + H-§ Ag’
OH

2H-S Ag" — Ag,S + H,S

Any excess H,S formed in the reaction is
neutralised by the alkaline medium, e.g. sodium
hydroxide.

The mechanism of reaction of other -SH containing
compounds with the silver salts, and their subsequent
conversion into the corresponding sulfide is believed
to proceed according to similar mechanisms to those as
outlined above.

The alkaline hydrolysis in step (ii) of the
method may be effected by the use of any suitable
alkaline reagent, preferably sodium hydroxide or
potassium hydroxide.

When the complex formed in step (i) of the method
is a complex with a tungsten or molybdenum chelate,
the preferred conversion route in step (ii) is heat
treatment at an elevated temperature, for example in
the range of from 150° to 250°C, preferably at 200°C or
above,

In the method of the present invention the
complex of the metal with the -SH group containing
compound is impregnated throughout the membrane prior

) rcapt o-
PANT £INRELRPEO" propanol , 3- mercapt obut anol or

*de~ ugeg 4 N an excess,
'ec'ge'gg(ii) of the

in



20 aqueous sol ution according to the follow ng equatlon [err] 25 The SH
farm (i sot hi ourea) can bind Ag® 1o0nNs according o the fortowngequation: -
30 [err] 35 WO 97/ 11117

PCT/ GB96/ 02306 The al kal i ne hydrol ysis of isothiourea with bonded Ag[err]
ions is bel iwoethiiry proceed according to the foll owi ng equpédehdsmadse’ I ]
[err] 10 [err] 15 Any excess Herr]S fornmed in the reaction is
neutralised by the al kaline medium e.g. sodium hydroxi de. The mechani sm of
reaction of other -SH containing compaunrds with the silver salts, and their
subsequent 20 conversion into the corresponding sulfide is believed to
proceed according to simlar nechanisns to those as outlined above. The

al kaline hydrolysis in step (ii) of the nethod may be effected by the use

of any sui tabl€°2§ e\x%f&?ul ﬁggorggﬁge{gﬁoﬂlﬁf&eag&¥ gggfu&g.hydr oxi de or

pot &ssi um hydr oOXi of the nmethod is a
conmpl ex with a??%ﬁﬁﬁ&qa4yorthﬁl9b§éﬁﬂﬁﬁ§ﬂ9§sa9§ the metho as

disclosed in PCT/GB95/00668 are overcome.
The electrochemical apparatus into which the

5 maodified membrane produced according to the method of
the present invention is incorporated is preferably an
apparatus for energy storage and/or power delivery.
The electrolysis in the "¥®* chamber of the
electrochemical apparatus preferably contains a

10 sulfide during power delivery, whilst the electrolyte
in the ** chamber of the electrochemical apparatus

preferably contains bromine, iron, air or oxygen, as
described in PCT/GB95/00668.

15 BRIEF DESCRIPTION O WINGS
Figure 1 is an electron micrograph of a section
of a modified membrane of Example 2 prepared in
accordance with the invention showing the relative
abundance of silver; and
20 Figure 2 is an elemental dot map of the membrane
of Example 2 showing the distribution of elemental
silver.
The present invention will be further described
with reference to the following Examples.

25
EX L
Perfluorinated sulphonic acid cation exchange
membranes sold under the trade names of Nafion 115 or
30 117 (Du Pont), and cation exchange membranes formed

from a polytetrafluoroethylene or a fluorinated
ethylenepropylene copolymer grafted with styrene
sulphonic acid end groups via gamma irradiation were
pretreated by boiling in a 50/50 mixture of nitric
as acid (s.g. 1.42) and high purity water (18MQ) under



the preferred conversion route in step (ii) is heat 30 treatnent at an _
el evated tenperature, for exanple in the range of from 150[err] to
250[err]C, preferably at 200[err]C or above. In the nethod of the present

i nvention the conplex of the netal with the -SH group containing 35
conmpound i s WOhfidTat ed t hr oughout the menbrane prior VGBI D206

PCT/ GB96/ 02306 -9- to conversion into the insoluble netal sulfide.

Accordi ngly, the disadvantages of the method as disclosed in PCT/ GB95/ 00668
are overcone. The el ectrochenical appd®tus into which the 5 nodi fi ed
menbr ane produced according to the nethod of the present invention is

I ncorporated is preferably an apparatus for energy storage and/ or power
delivery. The electrolysis in the [err] chanber of the el ectrochem cal

appar at us pref elezhluyx €oft 30 birutds. PollEtdeenarsulpHooiatie dakiurry, whil st

the el ectrol yt "ea&cﬂaﬁaﬁ% k@ﬁﬁla&é@'?}%h QEkBD&nQ' §8&£ 0&&)?“ %ahﬁgggﬁéé‘t us )

preferably contaln rom ne n, air oxy
PCT/ CBOB/ 00668 CHi and BRPERSHESHA MPFENPERCTREESRAN (Washi hing i 1 is an

el ectron m cr ogiigmhpakisgy sestéwnusihgaanpdltrasonbeibane dolisespl e 2
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silver; and 20 S an-e enental dot, map of the nenbrane of
Exanpl e 2 showi ng tﬁéedP§?F¥?ﬁH?4nP%§FléPéhﬁﬁ?ﬁ? cation exchange

membranes were converted into the Ag® form by
conditioning in an aqueous solution of 5 x 103 M
AgNO,, stirred continuously and kept in the dark at

10 room temperature for approx 670 hours (4 weeks). The
polystyrene sulphonate membranes were conditioned in
an aqueous solution of 5 X 103 M AgNO;, stirred
continuously and kept in the dark at room temperature
for 200 hours.

15 ' The Ag' exchanged membranes were rinsed in high
purity water and dried with paper towels. The
membranes were then immersed in an agueous solution of
5 X 103 M thiourea for a minimum of 48 hours. To
increase the thiourea content of the membranes, they

20 were transferred after doping in the agqueous solution
of 5 X 10 M thiourea into 1M thiourea for 48 hours.

The membranes were rinsed in high purity water,
dried with paper towels and immersed in an agueous
sclution of 1M NaOH at room temperature for 24 hours

25 during which time they changed colour, indicating the
formation of silver sulphide within the polymer matrix
of the membrane.

EXAMPLE 2
30
The deposition of silver sulfide throughout the
polymer matrix of the Neospeta CMH membrane, produced
according to Example 1 was analysed using a Leica S360
SEM fitted with a Link EDX. The time taken for
35 analysis of the sample along the line indicated in



silver. The p

resent invention will be further described with reference to
t OW Ng EXanpl €s. FXANP Pert1uorinated sur pnoni ¢ aci d cation
exchange nmenbranes sold under the trade names of Nafion 115 or 30 117

(Du Pont), and cation exchange nenbranes forned froma

pol ytetraf | usoegallyy ene or a fluorinated ethyl enepropyl ene pCTiEBISIB306
grafted with styrene sul phonic acid end groups via gamm irradiation were
pretreated by boiling in a 50/50 m xture of nitric 35 acid (s.g. 1.42)
and high purity water (18Merr]) underii -WO 97/11117 .

PCT/ GB96/ 02306 - 10 - reflux for 30 mnutes. Polystyrene sul phonate cation
exchange nenbranes from Tokuyama Soda sold as Neosepta CVH and Neosepta CW2
were pretreated by washing in high purity water using an ultrasonic bath,

foll owed 5 by, rinsing _in_high purity ter. The.p reat.e
per | uori nat ed C?'ol?‘ll%el’l lexﬁaﬁgegﬁﬁgﬁé%hes%rg§a€§_n§§r {“S% fc?ﬂt_.’o%tfhe Ag[err]
form by condi t i Bigwke i1 rapregenbasthe| ERY ainadiysisx regpLEs) MmgNJ err],

stirred con:]i nuewwSawg: lseebni) &héngatie atinkl inditatea taeat ure for
Sonat onea T SR e PR LSRG B
conti nuousPy anabwrdande ath&hgarkenent ookh diFeCastr 813 3r 20BeK6ur s.
the base line eguals 0 counts and the top line
(underneath the words ‘slow line scanning') eguals 512
counts per second.
Figure 1 is an electron micrograph of a section
10 of the Neosepta CMH membrane with the graph showing
the relative abundance of silver across the section.
The large circular features at the bottom left and the
top right are reinforcing fibres in section. The
material surrounding the fibres consists of small
15 spheres of ion exchange material embedded in a
continuocus PVC rich matrix.
Figure 2 is an elemental dot map of the membrane
of this Example for silver showing the distribution of
elemental silver throughout the polymer matrix.

20
EXAMPLE 3
A chelate of tungsten with 8-hydroxyquinoline was
prepared by adding a 3% solution of 8-hydroxy-
25 quinolinol in acetic acid to a solution of WO* in a

buffered solution of acetic acid -~ acetate at a pH in
the range of from 3.3 to 7.5 to precipitate the
chelate, which was dissolved in dimethylformamide.
Nafion 117 (DuPont) was immersed in a dilute

30 solution of the tungsten chelate (7 X 102M) in
dimethyl formamide for 16 hours. The impregnated
membrane was then conditioned in a solution of 1M
thiourea in DMF for 1 hour, followed by further
conditioning in an aqueous solution of 1M thiocurea for

35 15 hours.



15 The Ag[err] exchanged nenbranes were rinsed in high purity water
and dried with paper towels. The nenbranes were then imersed in an agueous
solution of 5 X 10[err] Mthiourea for a mininmmof 48 hours. To increase
the thiourea content of the nmenbranes, they 20 were transferred after
dopi ng in tW@YHIbus solution of 5 X 10[err] M thiourea PEFGSBMAIN our ea
for 48 hours. The nenbranes were rinsed in high purity water, dried with
paper towels and inmersed in an aqueous sol ution of 1M NaOH at room
tenperature for 24 hours 25 duri ig 1%htch time t hey changed col our,
indicating the formation of silver sulphide within the polynmer matrix of
the nmenbrane. EXAMPLE 2 30 The deposition of silver sulfide throughout the
pol ymer matrix of the Neospeta CVH nmenbrane, produced according to Exanple
1 was anal ysed usi nthe impiregna8ed hénbrdrid @dswehénadbtiek ddaX. The ti rre

taken for 35 . anal usl Sodbc! Aer PTG NG-4LE %ﬁggg@ygg e’ VO

97/ 11117
Figure 1 was 2Shi@xamcompiexgrBghliexn (ngssen §r1EIG8re 1 represents the
EDX anal ysi s resul tx-rdyn didsrastpen aeyxds afoagshinplé ior thedi cated in the

electron ghot %ﬁ%@g}oa&eﬁ mﬁg%{gtﬁm c8hekkiea ene abundance of the

elenment, I'n this case i ne equa counts and the
top |ine (undefPEmatiemedragstepsnlsise §E§Hﬁ?n§h? BQ&Kﬂ%?’SlZ

matrix.

EXAMPLE 4
10
A chelate of molybdenum with 8~hydroxygquinoline
was prepared in the same manner as that described in
Example 3 for the preparation of the tungsten chelate.
Nafion 117 was then immersed in a dilute solution
15 of the molybdenum chelate (7 X 10°2M) in dimethyl-
formamide and the procedure of Example 3 repeated.
¥-ray diffraction analysis of a sample of the
membrane produced by this method confirmed the
formation of molybdenum sulfide within the polymer
20 matrisx.



counts per second. Figure 1 is an electron m crograph of

A A e
silver across the section. The large circular features a

and the top right are reinforcing fibres in section. The materi al

sur roundi ng viherdy es consists of small 15 spheres of pEHGRERBRHBIE
mat eri al enbedded in a continuous PVC rich matrix. Figure 2 is an el enental

dot map of the nmenbrane of this Exanple for silver showi ng the distribution
of elenmental silver throughout the polygmer matrix. 20 EXAMPLE 3 A chel ate
of tungsten with 8-hydroxyquinoline was prepared by adding a 3% sol uti on of
8- hydroxy- 25 quinolinol in acetic acid to a solution of W(Jerr] in a
buffered solution of acetic acid - acetate at a pHin the range of from3.3
to 7.5 to precipitate the chelate, which was dissolved in

di met hylforrram‘gﬂ—ﬂﬁa'fion 117 (DuPont) was imrersed in a dilute 30

solution of the tungsten chelate (7 X 10[err]M in dinethyl formam de for

16 hours. The inpregnateg AR AR Eg§ﬁgC£NHBdﬂfQQadcbﬁ1@nSO|utlon of 1M
thiourea in DVF f 1 hour, foll.owe fig {1 c%g.d oning in an agueous
MR, P ssuEidgyady 1YY,

sol ution of quﬁﬁ gg PPpbrafe in
PCT/ GB96/ (2306 tuniydten, molybdenum or a mixture thereof is deposited

within the polymer matrix, which method comprises the
steps of:-
i) forming within the polymer matrix of the
membrane a complex of silver, tungsten,

10 molybdenum or a mixture thereof with a water
soluble compound containing an -SH group;
and

ii) converting the complex formed in step (i)
into the insocluble sulfide of silver,

15 tungsten, molybdenum or a mixture thereof.

2. A method as claimed in claim 1 wherein the
complex in step (i) is formed by contacting the cation
exchange membrane with a water soluble salt of silver,

20 tungsten, molybdenum, or a mixture thereof, or a
solution of a chelate of tungsten or molybdenum, or a
mixture thereof, and subsequently contacting the
membrane with an agueous solution of a water soluble
compound containing an -SH group.

25

3. A method as claimed in claim 2 wherein the
water soluble salt is silver nitrate.

4. A method as claimed in claim 2 wherein the

30 chelate of tungsten or molybdenum is formed with 8-

hydroxyquinoline, toluene-3,4-dithiol or benzoin a-
oxime.

5. A method as claimed in any one of the
35 preceding claims wherein the water soluble compound



The i npregnated nmenbrane was then dried and heated to 200[ e _
I n order to deconpose the thiourea conplex and formtungstemgﬂwmm “mt‘gm
diffraction analysis of a sanple of the 5 menbr ane produce y this s *
met hod confirned the formation of tungsten sulfide within the pol yner

matri x. EXAMSRIP/UINQO A chel ate of nol ybdenum with 8- hydr oxBCRIGBASIRNE was
prepared in the sanme manner as that described in Exanple 3 for the

preparation of the tungsten chelate. Nafion 117 was then inmersed in a

di lute solution 15 of the nol ybdéhdh chel ate (7 X 10[err]M in dinethyl -
formam de and the procedure of Exanple 3 repeated. X-ray diffraction

anal ysis of a sanple of the nenbrane produced by this nmethod confirned the
formati on of nol ybdenum sul fide within the polymer 20 mat ri x. WO

97/ 11117 used in step (i) is isothiourea, merdaptiomBthaf8BPGz~ 13 -

CLAI M5 1. i Bl cat,_ ngpbrane in -
whi ch a sul fi %%%Qg??%g?,Q m{&cggtggﬁ%gér%lddtgn%r?réﬁgg%g%ﬁ? € t her eof

un
i s deposited MFHFH°?HE°TJ‘EH%1'nﬁ‘f’gPi‘,’rm"&?-nﬂ%‘?@Gﬁﬂﬁﬁees the steps
of:- i) f or nthgonehbamidé e meExicapebasatic xacifd,t e-merwapgsbe a conpl ex of

silver, tuygstpBopanoic acid or 4-mercaptobutanecarboxylic acid.

6. A method as claimed in any one of the
preceding claims wherein the membrane is dehydrated
prior to step (i).

10 '
7. A method as claimed in any one of claims 1,

2, 3, 5 or 6 wherein the complex formed in step (i) is

a silver complex and the conversion in step (ii) to

the insoluble sulfide is effected by alkaline
15 hydrolysis.

8. A method as claimed in claim 7 wherein the
alkaline hydrolysis is effected using sodium hydroxide
or potassium hydroxide.

20
9. A method as claimed in any one of claims 1,
2, 4, 5 or 6 vherein the complex formed in step (1) is
a tungsten or molybdenum complex and the conversion in
step (ii) to the insoluble sulfide is effected by heat
25 treatment.

10. A method as claimed in claim 9 wherein the
heat treatment is carried out at a temperature of
200°C or above,
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any one of the 35 p ] S
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