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particularly, to a nmethod of sinultaneous applying two dissimlar ion
exchange polymers to opposite faces of the electrode substrate. Description
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Description of Related Art

[0002] It is increasingly desirable to purify water using passive deionization.
Passive deionization uses bi-polar electrodes, e.g., two sheets having a first side or
face formed of material with cation-exchange functionality, and a second side or face
with anion-exchange functionality. Each of the two different layers of ion exchange
material is porous or otherwise somewhat permeable to a neutral fluid by virtue of its
chemistry, physical structure and degree of cross-linking, and each layer possesses ion
exchange functionality that operates to transport one type of ion across the material in
an electric field, while substantially or effectively blocking most ions of the opposite
polarity. With the two materials of different exchange type positioned face-to-face in
adjacent layers, ions are effectively "blocked" by one or the other layer and thus
cannot traverse the sheet.

[0003] Applying the ion exchange monomers to the separate sides of the
electrode and polymerizing them creates a bi-polar electrode that is more efficient to
operate than a series of monoplaner electrodes with ion exchange membranes pressed
against them. In this regard, there is a desire to provide new processes for bi-polar

electrode fabrication.

SUMMARY OF THE INVENTION

[0004] In one aspect, the invention is directed to a method of forming a bi-
polar electrode having ion exchange polymers on opposite faces of a porous substrate.

The method includes providing an electrode substrate with activated carbon layers on
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[ 0003] Applying the ion exchange nononmers to the separate sides of the

el ectrode and polynerizing themcreates a bi-polar electrode that is nore
ef fi ci entwoaopss@Be t han a series of nonopl aner el ectr ®@deaN2dtoDoR2N
exchange nmenbranes pressed against them In this regard, there is a desire
to provide new processes for bi-polar ehectrode fabrication. SUMVARY OF THE
| NVENTI ON [ 0004] In one aspect, the invention is directed to a
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then pol yngidndfidr hiviag a@4&sn exchan%e[ %@Gﬁls added pite sngecony emimbsen. amd firks
advant ages over the prior art wl econe apparent upon reading the

fol | owi ng @ed s¢cond pakyssrizpble arprgmer nHtusgsren dhea ROLAMeRiZediin AN O¥ERr ence t o
the acconpanyi n?O(fHS? Whe %%e‘sent invention and its advantages over the prior art will become

apparent upon reading the following detailed description and the appended claims with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above mentioned and other features of this invention will become
more apparent and the invention itself will be better understood by reference to the
following description of embodiments‘of the invention taken in conjunction with the
accompanying drawings, wherein:

[0007] FIG. 1 illustrates a schematic of a bi-polar electrode made according to
an embodiment of the invention-

[0008] Corresponding reference characters indicate corresponding parts

throughout the views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The invention will now be described in the following detailed
description with reference to the drawings, wherein preferred embodiments are
described in detail to enable practice of the invention. Although the invention is
described with reference to these specific preferred embodiments, it will be

understood that the invention is not limited to these preferred embodiments. But to



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The above nentioned and
other features of this invention will becone nore apparent and the

i nvent i orwoteeldssess| | be better understood by referencePCo/aNie10fiokd20wW ng
description of enbodi ments of the invention taken in conjunction with the

acconpanyi ng draw ngs, wherein: [0607] FIG 1 illustrates a schematic
of a bi-polar eI ectrode made according to an enbodi ment of the invention.-
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intermediate conductive film. Desirably, the electrode substrate is made of a
thermoplastic polyethylene film to which activated carbon layers are bonded to each
face 13A, 13B of the film to form the porous support. The opposite faces 13A, 13B
of the electrode substrate are coated with different ion exchange polymers. According
to the invention, the opposite faces 13A, 13B of the electrode substrate are coated
with two polymerizable monomer mixtures and undergo simultaneous polymerizatiori.
Thus, the method described below is particularly suited for simultaneous formation of
two dissimilar ion exchange polymer coatings on opposite faces 13A, 13B of the
electrode substrate 12.

[0011] The electrode substrate 12 is made of a thermoplastic film to which an
activated carbon layer is bonded on each face 13A, 13B of the film. However, one
skilled in the art will understand that the electrode substrate can also be constructed
using other materials without departing from the scope of the invention, including,
activated carbon containing fillers such as resins, and biﬁding agents such as TFE and
PVDF. In one desirable embodiment, the substrate is generally rectangular-shaped
with sides about 10 inches by 21.5 inches in length. However, one skilled in the art
will understand that these dimensions are for example purposes only, and other
dimensions may be used without departing from the scope of the invention. An outer
perimeter of the sﬁbstrate 12 has a band 14 that is left void of the activated carbon
layer.

[0012] The first side 15A of electrode substrate 12 has a first face 13A and the
second side 15B of electrode substrate 12 has a second face 13B. The first face 13A
and second face 13B of the electrode substrate 12 are coated with the ion exchange

polymers by placing first and second gaskets 16A, 16B around the outer perimeter of



[0010] Referring to FIG 1, a bi-polar electrode 10 conprising a
substantially flat electrode substrate 12 with different ion exchange

pol ymer cweatorgss@ns its opposite sides is shown. The el ecrrodelomoxtirate 12
is a porous support with an internedi ate conductive film Desirably, the

el ectrode substrate is made of a thernoplastic polyethylene filmto which
activated carbon | ayers are bonded to each face 13A, 13B of the filmto

formthe parous su rt. The ite faces 13A 13B of the el ectrode
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made of rubber. ver, It is conte a person having’ordinary skill

in the art refcNehif hoabRietadtiviaed eiibdbhleln 6% @hbalimbay, adaskiedleli® Msaned 16B. A
first rigid plate 18A is placed adjacent the first face 13A of the
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first chamber 20A aropund .th ciiv d car bpn jrst side 15A of the
el ectrode é’ffﬁél%ersaetcgmgé‘a“ﬂ’e§gggﬁfim?’5 i%besﬁF%H‘gg%g% {éige'pﬂé%%edzedjaé%ent t he
second f acgodmBredlto W@nGéMiohAOMARuSH PakIpAyRh $fitBAhdRE cohMRtTEC TR gasket
16B, thereby form ng and a second chanber 20B on the opposite side of the
el ect rode watsim pump UPawsTheacuugi th the firsssind 8¢cond 8Bambiegrs 20AROB tofremybess or
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conventional vacuum punp with suitabl e hose connectors. The vacuum punp
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monomer i QOB SUEIE OB RE 8PP hereriZAlROBEATA SPR2E BIPT O ot f ace
13A of the g‘?&tﬁﬁ&ﬁé’gﬁ)uﬁqﬂﬁt&ﬁ% cdaveifed 18 afl RRRAEXERINSERES AR DMR RS TEr

m xture is added to the second chamber 20B forned around the second face
13B of t he indeeting the dirstijsdymerizable2moiidmerfrnixsure amtd the fivst dhambey2OA sol ut i ons
are non-identical. The liquid nononers displace the air in the activated
carbon. Desirably, the first chanber 20A is filled with a first

pol ymeri zabl e nononer m xture conprising a polynerizable nononmer having an
ani on exchange group or a group that can be converted to an ani on exchange

group. Means for inserting the first polynerizable nononer m xture into the
first chanmber 20A is




5 inserted through the first gasket 16A. In one enbodinent, a first
transfer syringe is used to insert the first polynerizable nononmer m xture
i nto the worst2zmskaaber 20A. I n one enbodi nent, the firstcpaNzosviozabl e
nmononer m xture includes a crosslinking agent and a pol ynerization
initiator. The first polynerizable nonomer mxture is infiltrated or
enbedded into the voids of the porous substrate film and the polynerizabl e
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[0019] In the case of a polynerizable nononer that is a crosslinking
nononmer and al so has anion or cation exchange groups or groups which can be
convert edwpaoiduss@ai on or cation exchange groups, it ispooicN2zenawsary for a
crosslinking agent to be present in the m x. However, a crosslinking agent,
or a non crosslinking nononmer could be used to dilute the anmount of ion
exchange group density. 7 [ 0020] The polynerization initiator is
used in an anount of generally about 0.1 to 20 nass parts, preferably about
0.5 to 10 parts by mass relative to 100 rfass parts of the pol ymerizable
nononer havi ng an exchange group or a group which can be converted to an
exchange gr ouaprylamidomethglpgippnd sulfonie agidpemiivresiyrenesfitferate,he first and second
pol ymeri zabl e noner m xtures are insert into the first .and n
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ol ymer 1 zat | SerEheotRiet BBy norpiiSe. EPBRLTRUDS FerhMesbibileBuncont

condi ti on mayehsidectetichuey pappypbutabe] wrt-thityi thakixglahenp eraliakyes ar e
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pol ymeri zati Qgbhfyrédigle AR thPAkL. i cularly restricted and known duration
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fromthe scope of theinver&tLon. 8. . ... o

crosslinking agent and the polymerization initiator may be in wide ranges as long as

each component is present in an amount necessary for the polymerization. The

proportion of the crosslinking agent is preferably about 0.4 to 60 mol %, more

preferably about 1 to 50 mol %, most preferably about | to 40 mol %, of the total

amount of the polymerizable monomer having an anion exchange group or a group

which can be converted to an anion exchange group and the crosslinking agent.

[0019] In the case of a polymerizable monomer that is a crosslinking monomer
and also has anion or cation exchange groups or groups which can be converted to the
anion or cation exchange groups, it is not necessary for a crosslinking agent to be

present in the mix. However, a crosslinking agent, or a non crosslinking

monomer could be used to dilute the amount of ion exchange group density.
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[0023] In order that those skilled in the art will be better able to
practice the present disclosure, the follow ng exanple is given by way of
i1l ustratworomemdseadt by way of |imtation. EXAVPLE PLO@22)10Mi02227

el ectrode was nade by cutting the el ectrode substrate with activated carbon
| ayers to a size of 10 inches (25.4 cm 4by 21.5 inches (54.6 cm. The outer
perineter of the electrode substrate was mai ntained free of activated
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i nserting needl es connect a vacuum punp 1 nto the first and second

chanber s t hiixxugs aird énséitédintathe fascaddegarikehambetst thesfinst add secbade
connectors. . [.0025] Mononer - addi tion s%/)ri nges were then inserted into
the first BPWMSEHEEhie MongmSE PEXIFs ARy AllawRd (o fana seleetet durpsior of §imey 40

grams of the. first ri 1 XE U, [

oA o b il B POh E RS R HouT 2D AR AP Bty o ¢ e
first champaivebshbshtd dnd 15 mikdsNaRl Mcheldtbodimént, slout 1O neifGeNdAfter

pol yneri zabl e nononmer m xture conprised of a polynerizing nononmer having a

cati on exchiandjeggthe gpcassive pngioms ofl therpodymérizableoporbradranixeuresigiay ghen Beecond

syringe. 026] .The .el ectrode.substrate/ gl ass, pl ate assenbly was then
pl aced horf%‘?\‘feh%efpr%meop(&y‘ﬁ?’é?@ @H‘t%@s&reo?fg?ﬁ‘%?ﬁ?edl hour. The el ectrode

substrat e/ gl ass[(ng]rﬁne ﬁﬁﬁﬁgﬂﬁhghé/\ﬁsg({ll@rr@y&gdg NOMHe i sCMRiedstd Was al l owed to

cool for 1/2 hour. clips were en renoved and the el ectrode substrate
was separ apelynferiaable nongines mipdusdsese coflacted with [tORATpuT bubstaatei feemedcbyr al so

appreciate the fact that pressure can be applied to the chamhers pressing
t he pol ymeteAcHyated sarhap lmexomee?l?fé¥<§leiSHP§raéF f%aas d&ﬁcrmeéma?weﬁ@poirf tion

w thin t heb{)lyﬁﬁﬁgﬁl%tthé{ fir& AR RE ORa polymerizable monomer mixtures, a known

polymerization method is employed with no restriction. In one embodiment, the
envelope containing the electrode substrate is placed in an oven and the vinyl
monomers are polymerized onto the faces of the substrate. Thermal polymerization
using a polymerization initiator is preferred generally because the operation is easy
and polymerization can be conducted relatively uniformly. The temperature of the
thermal polymerization is not particularly restricted and a known temperature
condition may be selected appropriately. Suitable temperatures are generally between
-about 50 and 150 °C, more preferably between about 60 and 120 °C, and in one
embodiment, about 85 °C. The duration of the thermal polymerization is also not
particularly restricted and known duration conditions may be selected appropriately.
Suitable durations are generally between about 10 and 120 minutes, more preferably
between about 45 and 90 minutes, and in one embodiment, about 60 minutes.
Polymerization of the first and second polymerizable monomer mixtures may also be
by any known chemical catalytic procedure or using ultraviolet light without departing

from the scope of the invention.



[0028] While the disclosure has been illustrated and described in typical
enbodi nents, it is not intended to be [imted to the details shown, since
vari ous mwoi2bi2ogsé4dns and substitutions can be nmade w t RoWCNEe@z00232Mg i N
any way fromthe spirit of the present disclosure. As such, further

modi fi cations and equival ents of the digclosure herein disclosed may occur
to persons skilled in the art using no nore than routine experimentation

and all such no tions .an q el i ved t n the
acope of “the ar M23EH e oL MoREilE! bR ol Vil Rrer pledo Prastistelnac i s
clai med i Spresdft didefdsiR, the following Sxafipid'R%bifin ﬁyow BEilfisRhriRPARI ndtIb§Ct r ode
havi ng i on exchange pol'ynmers on opposite Taces of” a porous substrate, the
met hod conmay of hignitation. provi di ng an el ectrode substrate with activated

carbon | ayers, said el ectrode substrate having a first side and a second
side, said first side having a first face and said second side having a

second face, said first side and second side are opposite; wherei n
said first face and said second face each have an outer peri meter band void
of the activated carbon |ayers; EXAMPLE

[0024] The electrode was made by cutting the electrode substrate with
activated carbon layers to a size of 10 inches (25.4 cm) by 21.5 inches (54.6 cm).
The outer perimeter of the electrode substrate was maintained free of activated carbon,
leaving 1.5 inches (3.8 cm) of trim around the two long side edges and the short
bottom edge of the electrode substrate. The top edge was cut to 2 inches. Rubber
gaskets were placed against the electrode substrate in the area void of carbon around
the perimeter of the substrate. The electrode substrate was then sandwiched between
glass plates and the electrode/glass plate sandwich was clamped together, thereby
forming airtight chambers on each side of the electrode substrate around the activated
carbon. A vacuum was formed in the first and second chambers by inserting needles
connected to a vacuum pump into the first and second chambers through the first and
second gaskets with suitable hose connectors.

[0025] Monomer-addition syringes were then inserted into the first and second
chambers through the first and second gaskets. 140 grams of the first polymerizable
monomer mixture comprised of a polymerizing monomer having an anion exchange
group was inserted into the first chamber using a first syringe and 140 grams of the
second polymerizable monomer mixture comprised of a polymerizing monomer
having a cation exchange group was inserted into the second chamber using a second
syringe.

[0026] The electrode substrate/glass plate assembly was then placed
horizontally into a preheated 85 °Coven for 1 hour. The electrode substrate/glass
plate assembly was removed from the oven and was allowed to cool for “2hour. The
clips were then removed and the electrode substrate was separated from the glass

plates.



providing a first gasket to the outer perineter band of the first face, and
a second gasket to the outer perineter band of the second face;

cl anpi ng wbeoelmssdssode substrate between two rigid pl at esTiaN2bovorer7fi r st
air-tight chanber on the first side of the electrode substrate and a second
ai rtight chanber on the second side of tghe el ectrode substrate;

adding a first polynerizable nononmer mxture into the first air-tight

chanber, the fir neri zabl e nononer . m xt.ur onprising.a l ri zabl e
rononerhavi ng. M0 oK SEGteh3An s ABHE i e i Bt pretee Af 8 oBRRL e o
an ani on e’ﬂfd"&ﬁﬁi%_eﬁhr &H%ingaﬂﬁ@ipﬁgfn?er&ﬁfgoﬂﬁ(ﬁﬂdlmrﬂ@t@x‘ﬁl@iﬂt@@mbr ﬁia?ﬁﬁlure into
the second air- tight chanber, 'the second pol yneri zabl e nononmer m xture

conpri si ngdisppsitigmevithiather rospectiner chlambersy a cati on exchange group or a
group that can verted o the cation,exchange, group; .and po| ymeri zi ng
the first and si@@i%@?ﬁ’ér"i@%}‘@ has SE%PIM%F?!&B% 8‘330"%6‘1 mZt_yp%a}L met hod of
claim i, Bl if is o} infddled F L mG YoRel deBfils SnERAONRLe Wrighyr €5 _are
pol ymer i z\é\%ﬁ.{?y ?%elr&el’rétlfl Séfymarl zat?on. e3. Se met ho eof claim 2,
wher ei n t henddificitioanahdabetinitipa gantbei made! without departing i amyewap frenpeyner i zed
by placing the el ectrode substrate into_an oven at about 50C to about 150C.
spirit of the present disclosure. As such, further modifications and equivalents of the
disclosure herein disclosed may occur to persons skilled in the art using no more than
routine experimentation, and all such modifications and equivalents are believed to be
within the scope of the disclosure as defined by the following claims.

[0029] What is claimed is:



11 4. The nmethod of claim3, wherein the first and second

pol yneri zabl e nononmer m xtures are placed in the oven for about 10-120

m nut es. WO 2012/B864¥he net hod of claim 2, wherein the polPgEEmN2a8iM0222MONONEY
havi ng an ani on exchange group or a group that can be converted to an anion
exchange group is selected fromthe groyp consisting of

tri met hyl anunoni unet hyl net hacryl ate chl ori de,
nethacryloxypropyltrinethylannnnlun1cglgiige, vi nyl benzyl tri met hyl anmoni um
chl oride,- diallyldinmethyl ammoni um chl > and salts and derivatives

t hereof. §. Tha ﬁ%@h%@%f%mﬁhghg@ri- ola%ﬁ&ﬁb&b hdVend RnYexBhdgab! € monomer

havi ng a cati on exchange group or up that can be converted to the
cati on excpalygergomuppdsite $aee of e gofaus subsuatey ticmethod Tosiprisipgof

sul f oet hyl net hacryl ate, _acryl am donet hyl propane sul fonic acid, .

sodi unst yr enesul f onaPEViding AB slespods itbisiateyith activatet sadhopdayest-tsaidang sal ts

and derivatives 0, . ' . r I Si ng
inserting a fi rg{e@@{)/(?e! {%’gr?tﬁthgv%ﬁg |§trgsl§é El[ﬁga ecf)ﬁ{iﬁird?ljéaﬁd E‘-llijlgetts [ rhsat9 asket
and a second syfirsifecd dhidGald @ coRCsioel haviagh 8econt ifadey Baitl Hizstsadondl @asket and

adding the first and second pol ynerizabl e nononer mxture into the first
and second chanBideare oppostes t he first and second syringes, respectively.

8. The nethod of cl ai 1dén\é\$}§r§§%;trfﬁ%5h%élfsi§reéﬁcgr?cl}(a%grégél%#ﬁ@rﬁon ner m xture

is further corrprisedw r Hod of claim

8, wherein saidpgfigert bikd M&id MY adiivad GhboiYayegnpound or a latent
crosslinking system 10. The nmethod of cl'aim9, wherein the divinyl

conpound i s sel ect ed pfovading adirgr gasketdo tisi eutemperinieteli bandydf il fiesh dace,
divinylsul fone, ar?clil %%géo% gg’askcert1 lt(? {h%poru?er}ep’erimeter band of the second face;
clamping the electrode substrate between two rigid plates to form a first
air-tight chamber on the first side of the electrode substrate and a second air-
tight chamber on the second side of the electrode substrate;
adding a first polymerizable monomer mixture into the first air-tight
chamber, the first polymerizable monomer mixture comprising a
polymerizable monomer having an anion exchange group or a group that can
be converted to an anion exchange group;
adding a second polymerizable monomer mixture into the second air-
tight chamber, the second polymerizable monomer mixture comprising a
polymerizable fnonomer having a cation exchange group or a group that can be

converted to the cation exchange group; and

polymerizing the first and second polymerizable monomer mixtures.

2. The method of claim 1, wherein the first and second polymerizable

monomer mixtures are polymerized by thermal polymerization.

3. The method of claim 2, wherein the first and second polymerizable
monomer mixtures are polymerized by placing the electrode substrate into an oven at

about 50°C to about 150°C.



12 di vi nyl bi phenyl, trivinyl benzene, divinyl naphthal ene, diallylam ne,

di vi nyl pyridi ne, ethyleneglycol dinethacrylate, di acrylates, nulti

acryl at eswodnizmssdiacryl ates of polyols, or nulti nethacrgramesiomo2ol yol s.
11. The method of claim9, wherein the latent crosslinking systemis

sel ected fromthe group consisting of hygdroynethylacryl am de plus

acryl am de or hydroynet hyl acryl am de pl us phenol . 12. The net hod of
claim8, wherein the first polymnerizable mononer m xture is further
conprised of a polynerization initiator. 13. The method of claim 12,

wherein said polymer iggtphQhod 8t dikitt 97 whéreRthO F9&HnE sB&InPolifin&izaBlR OF 9ani ¢

azo conpound.
monomer mixtures are placed in the oven for about 10-120 minutes.

5. The method pf claim 2, wherein the polymerizable monomer having an
anion exchange group or a group that can be converted to an anion exchange group is
selected from the group consisting of trimethylammoniumethylmethacrylate chloride,
methacryloxypropyltrimethylammonium chloride, vinylbenzyltrimethylammonium

chloride, diallyldimethylammonium chloride, and salts and derivatives thereof.

6. The method of claim 2, wherein the polymerizable monomer having a
cation exchange group or a group that can be converted to the cation exchange group
is selected from the group consisting of sulfoethylmethacrylate,
acrylamidomethylpropane sulfonic acid, sodiumstyrenesulfonate,

sulfopropylmethacrylate, potassium salt, and salts and derivatives thereof.

7. The method of claim 1, further comprising inserting a first syringe into
the first chamber through the first gasket and a second syringe into the second
chamber through the second gasket and adding the first and second polymerizable
monomer mikture into the first and second chambers through the first and second

syringes, respectively.

8. The method of claim 1, wherein the first polymerizable monomer

mixture is further comprised of a crosslinking agent.

9. The method of claim 8, wherein said crosslinking agent is a divinyl

compound or a latent crosslinking system.

10.  The method of claim 9, wherein the divinyl compound is selected from

the group consisting of divinylbenzene, divinylsulfone, butadiene, chloroprene,



14. The method of claim 13, wherein said polynerization initiator is

sel ected fromthe group consisting ofoctanoyl peroxide, |auroyl peroxide,
tert- butwbD 2pevmsses32- et hyl hexanoate, benzoyl peroxide, PETICNI0toyl02227

per oxyi sobutyl ate, tertbutyl peroxylaurate, tert-hexyl peroxybenzoate,
di-tert-butyl peroxide, or azobis isobujyronitrile. 15. The net hod
of claim1, wherein the second polynerizabl e nmononmer m xture is further
conprised qf .a.crosslinking agent... . 16. The . net hod of. ¢l ai.m 15,
Wherei p saPEHBEETw Ay Rsariie: divinvipsphiipiingotRuTamS dVindpgifine
crosslinki @ﬁigl%}ﬁéél ol dimethacrzl]a?e, dl B&ryHRdsh afhiP her§lAds Tt rethiBBIAES oA he di vinyl
conpound is Selected fromthe group consisting of divinylbénzene,

di vi nyl sul polyels, butmaiti methacryidtes afppadyrds. di vi nyl bi phenyl, trivinyl benzene ,
di vi nyl napht hal ene , diallylamne , divinylpyridine , WO

2012/ 088643PCT/ CN2010/ 002227 13

11.  The method of claim 9, wherein the latent crosslinking system is
selected from the group consisting of hydroymethylacrylamide plus acrylamide or

hydroymethylacrylamide plus phenol.

12. The method of claim 8, wherein the first polymerizable monomer

mixture is further comprised of a polymerization initiator.

13.  The method of claim 12, wherein said polymerization initiator is an

organic peroxide or an organic azo compound.

14.  The method of claim 13, wherein said polymerization initiator is
selected from the group consisting of octanoyl peroxide, lauroyl peroxide, tert-
butyl peroxy-2-ethylhexanoate, benzoyl peroxide, tert-butyl peroxyisobutylate, tert-
butyl peroxylaurate, tert-hexyl peroxybenzoate, di-tert-butyl peroxide, or azobis

isobutyronitrile.

15.  The method of claim 1, wherein the second polymerizable monomer

mixture is further comprised of a crosslinking agent.

16.  The method of claim 15, wherein said crosslinking agent is a divinyl

compound or a latent crosslinking system.

17.  The method of claim 16, wherein the divinyl compound is selected
from the group consisting of divinylbenzene, divinylsulfone, butadiene, chloroprene,

divinylbiphenyl, trivinylbenzene, divinylnaphthalene, diallylamine, divinylpyridine,



et hyl enegl ycol dinethacrylate, di acrylates, nulti acrylates, di

nmet hacryl ates of polyols, or multi nethacryl ates of polyols. 18. The
met hod ofwol2ai2msdcs wherein the |atent crosslinking systemdinomghented from
the group consisting of hydroynethyl acryl am de plus acryl am de or

hydr oynet hyl acryl am de pl us phenol . 13 19. The nethod of claim 15,
wherein the second pol ynerizable nmonomer mxture is further conprised of a

D et 22 el eyt i viate of acryflSs, TR B ises” i i deESE ' Comanuin.

polyols, or multi methacrylates of polyols.

18.  The method of claim 16, wherein the latent crosslinking system is
selected from the group consisting of hydroymethylacrylamide plus acrylamide or

hydroymethylacrylamide plus phenol.

19.  The method of claim 15, wherein the second polymerizable monomer

mixture is further comprised of a polymerization initiator.

20.  The method of claim 19, wherein said polymerization initiator is an

organic peroxide or an organic azo compound.



