METHOD FOR MAKI NG POLYMER, COATI NG ELECTRODE, AND ASSCCI ATED PCOLYMER AND
ELECTRODE BACKGROUND [ 0001] Ilon exchange polyners are useful in many

appl i cat iwoo1faase7exanpl e, nmaki ng i on exchange nenbr ane®CoScaaniiigs f or
i on separation processes. Common techni que for producing ion-exchange

pol yners invol ves pol yneri zation of a non-ionic, non-water soluble,

di -ethylenic cross-Ilinking agent, for exanple, divinyl benzene with a
nononmer such A$EBHYDERGRIMAKINGPEOYEOLRS, GOATENG FHIRGTRODH|, aN1y| - benzene.
The resulting solid polyner, for exanple, in sheet or menbrane formis

equi librated or washed* ED PR MERM D e RROBEch as et hyl ene

dichloride to renove and replace the diethyl-benzene solvent. \Were cation
exchange nmenbranes are desired, the nenbranes are then reacted with a

sol ution giAGROUNDI oxi de and et hyl ene dichloride to form sul fonate
groups whi ch upon washing with nmethanol and neutralization wth sodium

bi carbonate gives the polyner strongly basic ion-exchange properties. The
wat er i nsfﬂ‘l?g] bomexsbargesPodyiaers lee pesitylnd mpanyt dapphcativoas fop axamrlcsuplseguent

reaction rri i - . i 1 i sposal
br obl ems el et AR o0 KRR SRR X B il ol ot e
cross- | i nkirngod@smyd sonpedcliamicl Faliahersi invalgeie polsmetkatidnt ofSy abeieid ancd- been
devel oped to overcone the above-nenti oned grobl ens. Cross-1i nki\%ghof t he
pol ymer o¥alst soyplendirptbylonicacresmidrindh pedih 108 5X4MDYS. Pvitve SENEHE dners and

takes pl agfnSindH 'sﬁ&f‘gsogtzréﬁte"‘fnt h nbﬁ%qﬂéﬁlﬁé%gxieﬁﬁtshﬁ{‘ as SRAA-hs&GEMheni ¢

nononers are required. he sane tinme, the expense of petrol eum derived
sol vent s andltinpesopd glolyemrofort dxemplaliis phealor an@nlehnerforat sdequild3d okowever ,

nost currently avail abl e wat er-sol ubl e cyrass-1.i nki. agents are expensive
and not - eROTIHRATE! ROt § SOV ETCHE! e e BB KT PE R BIE . g
super capaget _@ﬂ’etlﬁlll-%%zreﬁg &3lvehl. e\fvﬁérepéﬂt%‘ﬁeéﬁhhﬁ@t nR&RadcQWrk RkBEANGS, | oW
swel ling ratio and good coating norphol ogy and that can be coated to

decr ease tismbeanss gie thomseanistlivath anseluiipicpesidir cupyidhandesthylenedichlootlet he

el ectrodes. .[ 000 Thus, it ,wauld be desirable to have a t hod f maki n
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friendly pafighitstfbante aiveetiogdolyaier GaaHEINDasid i@h@géﬁa@g@ prégeitidshanpol yner
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to reduce resistance and increase current efficiency t he el ectrode.
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attendant loss of the organic solvents.

[0002] Water-soluble cross-linking agents polymerizable in aqueous solvent systems
have been developed to overcome the above-mentioned problems. Cross-linking of
the polymer occurs by means of a condensation reaction between two monomers and
takes place simultaneously with the polymerization, so no di-ethylenic monomers are
required. At the same time, the expense of petroleum derived solvents and the

problem of their disposal are eliminated.

[0003] However, most currently available water-soluble cross-linking agents are
expensive and not environment friendly. In the meantime, some applications, e.g.,
supercapacitor electrodes, prefer polymers that have low resistance, low swelling ratio
and good coating morphology and that can be coated to decrease the energy

consumption and increase current efficiency of the electrodes.



R rmononer of formula (a)R, and a sulfonic acid or salt nononer, wherein R
is CH3 or H [0006] In accordance with enbodi nents descri bed herein, a

pol yrmer mei0e0tyo26478@ above nmet hod and a nenbrane conpri siPal/usb@opadsgoer are
al so provided. [0007] In accordance with enbodi nents descri bed herein, a
met hod for coating an el ectrode is provided, conprising: providing an

el ectrode; providing a solution of a free radical initiator, a nononer
conpri si nfg)(mu] Taastit dueld e ddsirglotupbavea mothoddsr mbkig b 1awhaeQing ratio - CNH CH
20H1 R formula (a)Rand a sulfonic acid or salt nononmer; wetting the

el ect r odePNYERT tﬁﬁal %‘I%ﬁ‘i’l&we eheap R enYigpnnpat figndbameicsialsiaade mahed eby t he

TONOMET - CAHRIdaEh4dn AcckBAS byifh o 8l He: 4b Qlioe iR ARNANPMcRESS phfitha (a),

and the s onic acid or salt are copol yneri zed; ereln is CH3
or H. [O006@icidnay atthercttatrode.wi t h embodi ments descri bed hereln, an el ectrode
coated by the above nmethod is provided. DETAILED DESCRI PTI ON

BRIEF DESCRIPTION

[0005] In accordance with embodiments described herein, a method is provided,
comprising: copolymerizing a monomer comprising at least two amide groups, a
O

H,C=—=C—"CNHCH,OH

monomer of formula (a) R! , and a sulfonic acid or salt

monomer, wherein R' is CH; or H.

[0006] In accordance with embodiments described herein, a polymer made by the

above method and a membrane comprising the polymer are also provided.

[0007] In accordance with embodiments described herein, a method for coating an
electrode is provided, comprising: providing an eclectrode; providing a solution of a

free radical initiator, a monomer comprising at least two amide groups, a monomer of
O

H,C=—=C—"CNHCH,OH

formula (a) R! and a sulfonic acid or salt monomer;
wetting the electrode with the solution; and heating the wetted electrode; whereby the
monomer comprising at least two amide groups, the monomer of formula (a), and the

sulfonic acid or salt monomer are copolymerized; wherein R' is CH; or H.

[0008] In accordance with embodiments described herein, an electrode coated by the

above method is provided.



[ 0009] Approximating | anguage, as used herein throughout the specification
and clains, may be applied to nodify any quantitative representation that
coul d perwD=sgilgl2gé78ary wit hout resulting in a change i nPCinaSk@vioes4Buncti on
to which it is related. Accordingly, a value nodified by a termor terns,
such as "about" or "substantially", is not to be |[imted to the precise
val ue specified. In sone instances, the approxinmating | anguage may

corr esponDHTAILE® PESCREFPTION an instrunent for measuring the val ue.

[ 0010] In accordance with enbodi nents described herein, a nmethod is

provi ded, ¢ ri sing: conprising copolynmerizin nononer | ri sing at
| east tml%ﬁ%épe@ﬂ aifiy Hnguast. R GHran r%&ggaﬁsf egsn?sﬁﬁ%n éfdfornul a
(a) R andc@isyl fapi 6e aﬁ)}pﬁe@rtos %&diﬁgﬂ; Iat GuanhEl el RpRertstida3hAr cbiid [ 0011]

I n anot her aspect, a polyner nmade e nmethod and a menbrane conpri sing
t he pol ynpermasseblpnovy detiouf B0dlghg lim aadvogdande bhisih finehoditorevitich descri bed

herein, a thod, for .coating.an electrode i s provided, conprising:
or ovi di ng"SHCSI edtPEHE provIt MPEIEhPE SHbeT ST Re s adr carY ni%i ator, a
NONOMEer  Cofmkiafiidlg als nof&Sbe liMPtedfd B4R FEQPSaluAsp¥RITRAE Tn @6mE instances,

the approximating language may correspond to the precision of an instrument for

measuring the value.

[0010] In accordance with embodiments described herein, a method is provided,

comprising: comprising copolymerizing a monomer comprising at least two amide
O

H,C=—=C—"CNHCH,0H

groups, a monomer of formula (a) R! , and a sulfonic acid

or salt monomer, wherein R' is CH; or H.

[0011] In another aspect, a polymer made by the method and a membrane comprising

the polymer are provided.

[0012] In accordance with embodiments described herein, a method for coating an
electrode is provided, comprising: providing an eclectrode; providing a solution of a

free radical initiator, a monomer comprising at least two amide groups, a monomer of
O

H,C=—=C—"CNHCH,OH

1 : .
formula (a) R and a sulfonic acid or salt monomer;
wetting the electrode with the solution; and heating the wetted electrode; whereby the
monomer comprising at least two amide groups, the monomer of formula (a), and the

sulfonic acid or salt monomer are copolymerized; wherein R' is CH; or H.

[0013] In accordance with embodiments described herein, an electrode coated by the

above method is provided.



11 HCC----CNHCH2OH 1 R formula (a)Rand a sulfonic acid or salt
nononer; wetting the electrode with the solution; and heating the wetted

el ect r odevowhawebs’st he nononer conprising at | east two aerds2goowias) t he
nononer of forrmula (a), and the sulfonic acid or salt nononer are

copol yneri zed; wherein R is CH3 or H [0013] In accordance with

enbodi nents descri bed herein, an el ectrode coated by the above nethod is
provi ded. [001@D $4itabbei hedngermomigmer forthiila @ drer Mol axdrapleameterfsotubdxanpl e,
wat er - sol ubl e, . et hyl eni cal | y unsat ur at ed conmpounds. whi ch can be pol yneri zed
by free r8 w@a%cglhaﬁasaéwegicamn%iwhlah cg 39@9%%2@@%2&@)@ radicals gad | f i ed

derivativ : € - N - VAP f npomer
units ar egél\ll}t‘rrirlltalt 3? %F%lé’ [r\I?: a%gierg%lg?%yﬁ?m%a) h%{g]ragflgsmﬁ{ E&gl\gl\nﬁgo

N- et hyl oClleORasvhetcaRi=Ge- (s NIKWA). ,Prédeirsd imonomemehity hie-1aangthdniadiey 1 {nhiBvA) |,

N- (i sobut hyl ) - hacryl am d n- but oxymet hyl.) - | am de ( NBVA
bar 1 oo sk O e Rt R, A& el b aide T AT RE (NEMY
N- (i sobut gxyHIRs )i e BQQQ -(i SR [ i fonic
acid or sgl t mﬂ?&%ﬁﬁ?i&%@ﬁ%dﬁ%ﬁ | a (g% Qk%bu 1 CEe !gﬁgl(g@mslggﬁn&% R,
wherei n (n-butoxymethyl)-acrylamide (NBMA). Particularly preferred monomer units are N-

methylolacrylamide and N-(isobutoxymethyl)-acrylamide.

[0015] In some embodiments, the sulfonic acid or salt monomer is of formula (b):

0O

H,C—C—C—X—Y—SO0;H

R2

wherein ’
R? is CH; or H; X is NH or O and Y is alkyl. Suitable sulfonic acid or salt monomers
are, for example, water-soluble, ethylenically unsaturated compounds which can be
polymerized by free radicals and contain sulfonic acid or sulfonate groups -SOs;M,
where M=H or an alkali metal, ammonium or alkaline carth metal ion. Preferred
monomer units are 2-acrylamido-2-methylpropanesulfonic acid, styrene sulfonic acid,
sulfoalkyl (meth)-acrylates, sulfoalkyl itaconates, preferably in each case with a C; to
Cs alkyl radical, and vinylsulfonic acid and ammonium, alkali metal or alkaline earth
metal salts thereof. Particularly preferred monomer units are 2-acrylamido-2-
methylpropanesulfonic acid, styrenesulfonic acid, p-styrenesulfonic acid, sulfopropyl

acrylate, sulfopropyl itaconate and vinylsulfonic acid and ammonium, sodium,

potassium and calcium salts thereof.

[0016] As used herein the term “alkyl” refers to a saturated hydrocarbon radical.
Examples of suitable alkyl groups include n-butyl, n-pentyl, n-heptyl, iso-butyl, t-
butyl, and iso-pentyl.



R2is CH3 or HH Xis NHor O and Y is alkyl. Suitable sulfonic acid or salt
nononers are, for exanple, water-soluble, ethylenically unsaturated
conpoundswotwatn2s&d be pol yneri zed by free radi cal s andPpPcontSaéin/ogissé oni c
acid or sulfonate groups -503M where M=H or an al kali netal, amoni um or

al kaline earth netal ion. Preferred nononmer units are

2-acryl am do- 2- et hyl propanesul foni ¢ acid, styrene sulfonic acid,

sul L oal ky[00dmeih sﬁrﬁe: lembagﬁ&ntlss tliefrgaﬂdﬁydrl dohl@;ﬁi@iﬁgtﬁ $easgfvﬁf gm‘allal groups ieac Ih ’ c ias e
with a Cl to C6 al kyl radical, and vinylsulfonic aci nd a niu al ka
metal or SIKAEd nefte@y t rarRonyidiagning s ety edf . CPEPRYIEYI Iyﬂﬂggﬁ%rr@’ mononer
units are 2-acrgl am dop2- net hyl propanesul fonic acid, styrenesul fonic acid,

p- styrenesul fonj|c aci d|| sul fopropyl acryl ate, sulfopropyl itaconate and
vi nyl sul foni c i d andjlammoni um sodi um potassium and cal ciumsalts
t hereof [001 us; ein the term"alkyl" refers to a saturated

hydr ocar béhNradi calR” ExandVBs @hersii tiabNey, alikidticaa@easoriciet usie n- butyl
n-pentyl, n-heptyl, iso-butyl, t-butyl, and Iso-pentyl. [0017] In sone
enbodi nents, the nononer conprising@at | east two ami de groups is selected

f rom car bHYBhamsereberaEcBABEIn dbPRYarigal ayfers to ag organic radical having

a valence of at least one consisting of a linear or branched array of atoms which is not
cyclic. Aliphatic radicals are defined to comprise at least one carbon atom. The array
of atoms comprising the aliphatic radical may include heteroatoms such as nitrogen,
sulfur, silicon, selenium and oxygen or may be composed exclusively of carbon and
hydrogen. For convenience, the term “aliphatic radical” is defined herein to
encompass, as part of the “linear or branched array of atoms which is not cyclic”
organic radicals substituted with a wide range of functional groups such as alkyl
groups, alkenyl groups, alkynyl groups, haloalkyl groups, conjugated dienyl groups,
alcohol groups, ether groups, aldehyde groups, ketone groups, carboxylic acid groups,
acyl groups (for example carboxylic acid derivatives such as esters and amides),
amine groups, nitro groups, and the like. For example, the 4-methylpent-1-yl radical
is a Cs aliphatic radical comprising a methyl group, the methyl group being a
functional group which is an alkyl group. Similarly, the 4-nitrobut-1-yl group is a C4
aliphatic radical comprising a nitro group, the nitro group being a functional group.
An aliphatic radical may be a haloalkyl group which comprises one or more halogen
atoms which may be the same or different. Halogen atoms include, for example;
fluorine, chlorine, bromine, and iodine. Aliphatic radicals comprising one or more
halogen atoms include the alkyl halides trifluoromethyl, bromodifluoromethyl,
chlorodifluoromethyl, hexafluoroisopropylidene, chloromethyl, difluorovinylidene,
trichloromethyl, bromodichloromethyl, bromoethyl, 2-bromotrimethylene (e.g. -
CH,CHBrCH;-), and the like. Further examples of aliphatic radicals include allyl,
aminocarbonyl (i.e., —CONH,), carbonyl, 2,2-dicyanoisopropylidene (i.e., -
CH,C(CN),CH,-), methyl (i.e., -CH3), methylene (i.e., -CHj;-), ethyl, ethylene, formyl
(i.e.-CHO), hexyl, hexamethylene, hydroxymethyl (i.c.-CH,OH), mercaptomethyl
(i.e., —CH,SH), methylthio (i.e., —SCHs), methylthiomethyl (i.e., —CH,SCHs),
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H2ZN )' R3 NH2 , wherein R3 is NH, aliphatic radical or ether unit.

[0018] As used herein the term"aliphatic radical"” refers to an organic
radi cal Mwoizng/@seral ence of at | east one consisting of @&cCiriuse@w/oes48br anched
array of atons which is not cyclic. Aliphatic radicals are defined to
conprise at | east one carbon atom The array of atonms conprising the
aliphatic radical may include heteroatons such as nitrogen, sulfur

si licon, set@iyunmathdxwoaigar] ofi.ayayCROCONPQs adirexethyisi (el,y -cH e Hon and
hydr ogen. For conveni ence, éﬂg term"aliphatic radjcal” efined herein

to enconpddecarbonyhay ¢ trigretiyalyl| | fess or(Ghbinthed %WF&VhB%iég whirch is

not cyclig’ Bg@ﬁﬁ gﬁ@»g S & 1 @nW i R aidmed i onal

gr oups sucﬁngs a %Wﬁ ogpéf(§P§§n§$ﬂgggﬁg%§Béﬁﬂg%gﬁ“g@%%ﬁé,&hé#g%%kyI
groups, cByjwgadetirdicenydmpe,cufls - @l @bhbdticgraduplscongtinent lgashwps buahdehyde
groups, keton roups, carboxylic acid groups, .acyl. groups (for. exanple

o boxy! | Bog ity Rathen ey Sns b S aie O dnaC B de g Sie Srohps: ni t o
groups, aphHafie rhdikq: AFQicyEXRMB! €e., (MR (GHMBLHNY laReRbmble ¥ a '@FhGRHatibs a C6
al i phatic radical conprising a met hyl ‘group, the nmethyl group being a

f unct i onatadggabup which is an alkyl group. Similarly, the 4-nitrobut- 1 -yl
group is a C4 aliphatic radical conprising a nitro group, the nitro group
being a f ' . i ic.radi I roup

i ch corftieL &03e@ bR 0 REREARL 3RS MR R R AT Y8

di f f er ent alkkirhogasic@t Borklcd N6l dhdexyded) amk @opdrally thiteyponds t Heofdrmala-br om ne,

and iodine. Aliphatic radjcals conprising one or nore hal ogen atons include
the al kyl CRRD-E88 rPrvhersioke ishyaparaigly ip Greh gesusteBehpydrogen, halogen, a

ot P o byntor SRR byanB Bl 4PCO) SARGIRKNIAREG of 8 QLOFENArbY erony

2- br onot r bulstitwyddewéth (anegor moCHACHBr foHwing: anthld, heyaho,katroFthiddlleyl, extanpl es of

aliphatic radicals include al]yl, am nocarbo i..e., . -CONH), carbonyl,
>, 25 di ey alBiCosRy o @r%ﬂ&.%sy, ca Qﬂé@w%ﬁ%b%@wﬂyamh. rbonyt) |
met hyl ened{okyfatkyt, Cikokyca®bdiy, aBlidMlceBnyll OfiMkbx{daronyCHky 1B,
hexanethylen%,ahgdroxyn%?hfﬁw(i?@%@%EZCHEY nercaé Sﬁeﬁﬁyl (?.e g/-CH2 S

H), met hyhiyhiagboyl.e aralkgc@beiyl, meatylsulinyhet haylsgifingl,. . argkgls@figys) |

met hoxy, t hoxycar bonyl. (i .e. - nitronethyl (i.e., -CH2NO2),

t hi ocar bof Vg“ﬁ?yﬁeaﬁ'ﬁﬁﬁéﬁ“fy}’lOTEPI@‘?IH%Y@%P:), t-butyl di methylsilyl, 3-
trimet hyoxysilypropyl (i.e., (CH30)3S CH2CH2CH2-), vinyl, vinylidene, and
the like. [(3Ropay BEd hetetdelic RxamMahtde grotp” reféibQo aRi EONH, grows] iveteigont ai ns
at | east one but no nore than 10 carbon atons. A nethyl group (i.e., CH3-)
i s an exaRplev@roggner alkvi-phatic radical . A decyl group (i.e., CH3(CH2)9-)
is an exanple of a Cl10 aliphatic radical. [0019] As used herein, the term
"et her unjge : t] st i-ety
ponded 10l et b Shre EACGIBKRRL Ui hGiorRlr IRTHARE L Ko BHIRMHO RS

f or mul aC( RAyQ@edYr&h)ti2urdt avtileuecinartRdlei s separately in each occurrence

hydr ogen, hal ogen, a nitro group, a cyano group, a Cl 20 hydrocarbyl group

or aCl 2 car byl oup substituted with e.or. nore of_ _the. follow ng:
e AR R e R o P 1% X e N

car bonyl diQxyi@kkyl wefigk bonyl di oxyaryl, carbonyl dioxyaralkyl,

al koxycar bonyl, aryl oxycarbonyl, aral koxycarbonyl, al kyl carbonyl,

aryl carbonyl, aral kyl carbonyl, al kyl sul finyl, arylsulfinyl,

ar al kyl sul@023}/The @k@t@i@hf%@lb,coao s fesayding do tha alvkytierulst piefdraly oup.

[ 0020] As use q§r§in t he .t rn1fanide.&{oup" refers Lo -R?CCNHZf roup,
wher ei n REMT'§ h9 r ﬁeﬁe%fagf P?’Fﬁﬁ%i? n" s SHECERISU NS, (HE WMnoner
conpri si NgnHerdt @RS pr¥feraBlY 4@ °grewWps d. T PoBh@dafib® b beicaticaddt by
succi nam de. [0022] Water 'soluble here in general nmeans that the solubility
in water attigy Otiodueing lalaet inddalin) cgestgghents pf0RSreaThen priapae antoothe of t he
copolynmers_according to the invention is.preferably carried out. by free
ot cal paoier ToAPab in Gy FRMER AR A Pted Bl B spbndlp e of

pr ef er abl yhed@nithent 86 idividial aslsifvehts o8 thHcqBactian niigtugar ried out by initially
introducing all or individual constituents of the reaction mxture into the
reaction vessel, or by initially introducing portions of the conponents and
t oppi ng up the constituents or indivi%yal constituents of the reaction

m xt ure.




[0024] The initiation is carried out by neans of the customary

wat er - sol ubl e agents which formfree radicals, which are preferably

enpl oyed wo 2amand78 of 0.01 to 3. 0% by wei ght, based onPChastababsssei ght of
t he nononers. Exanples of these are ammoni um and potassi um persul phate,

2,2 -(azobi s(2-net hyl propi onam di ne) di hydrocl ori de, hydrogen peroxi de, and
pot assi um sodi um and amoni um per oxodi phosphate. |f appropriate, the free
radi cal L[ﬂ(l:zn]atrﬁe $nitgﬁlitiﬂ6i9rtadidﬁir @Jtaiyslf(lemrﬂﬂhthe(d?itﬁrélarykWMS(ﬁﬁH@;’geﬂﬁsé h 0.01
to 1.0% by wei ght, based on the tota i ght of the nononers, of reducing
agents, i wh?% %gn&?@srﬁ Fas.rghich e el FPRlaysHh It @nB@t&EF Plddodifteat | ower
t enperatu L: i I i

For al denyesurT o ea e dP e ShTBRG O o FEonCE: Boymples b e

f ol | owi ngamxempines @xde poebiuved posyplate.de2ddizbbisRahethylpoaivnemtdne hose of
ordi nary i1l in.th rt in practicing the clained.invention. Accordingly,
these exaPYdeeBdhonyRioers  PHENI et oROASTHR | AW n ke SHFIEHIRA cl ai ms
Mononer  sgtigkbAphdiprRar 8t heRroplifiO26le AebchicaMiffadrsMBiciMbnedlare also
-propanesul fonic acid (20 g, obtained from SignaAl drich8), 28 g

N- ( hydr oxgerebingd )n akngwvamadacrawith 8.03 tg 14l e &y (veugtsobased pathaelal weight m xed
together wh it i S8 S12Gu0RE She0dPheiBh HONSIR I [Nt A 8ok g pronomer s
were wel | 2dirssoPVER ™1 g l,lc‘éng-%azobl f(gg Ret Fp opi 2 di ne?

di hydr ocl eirtide v@s aedi@etri Rintpekdigres oliitthdn cad Fbe &ampld, onlkwas nietdlr r ed
until the 2,2'- (azobis(2-nmethyl propionam dine) dihydrocloride was

di ssol ved.fOT{I@bfZIF]’d%P@XYE’%QWdSQ(SQOTh@t%}A HE spitadian di ne) di hydrocl ori de was

obtained from Sigma-Al drich(r). N (hydroxymethyl) acrylam de and urea were

obt ai ned [ : ] ol ohal i Coati ng
for el ectm)o%g]. ﬂlgg(gg?& 1%% %?ﬁ%lgégﬁeggta rgggﬁeto(cgﬁ%:d%a’g dggﬁglné@a?cgq %ﬁ?os%r epar ed
by pressi ofjosdical eskdeire thcaat iiv @racéicingnths deted nhendoli Anastinglyd tisaadwi ched
bet ween two pieces of. poly(ethyl ene.terephthal ate ET) filns (16 cm* 32
cmy vas sEHTERISY it Ber P%dﬁegﬁgmfheépge@?ﬂfcﬁua enings (10 mmin
dianeters) were left open on the thernoplastic bag. The prepared sol ution
was addede%gleplg@uﬁ(;}p]%ﬂgpgh@&{;i c bag through the openings. The entire

t her nopl astic bag was then sandwi ched between two pieces of glass plates

(24 cm* 40 cn% with a Utype rubber gasket (17 cm* 34 cm | ocated between
t he t her mi¥R&k 2i4Acrpamidmndieylgl-aropassuifenic agidngRee, sthtang Eophdigade| ect r ode

¢ : ot . d . N
cabi not anfghred oroRekEly) Y ERREIY s R ek (LELINRRARTS o o
t he el ect mefte miAéd esgditieat with el gsdeishty was uadenstaosly edrrinpe Afeeutien cabi net

and the U type gasket was_di sassenbl ed therefrom Excessive solution was
ext ruded FO3AMERe VRS npll ashisselvedg And cPénﬁ%Z%(%ﬁﬁgfa@)rmoe@raﬁﬁi&et) he two
gl ass pl alfgalRWRidE RCAIGE RES theRBRutbR B e SFREIALYs di @1 eh-at 80 C
for 2.5 hou?s. F%‘Ogéng ter t eensevl\}lasslelrrb y cool ed Sdéomne, the coated

el ect r ode(azabisakethytpudpiamoniding) dihydlonkeside was dissalsed.ed out to be 1.1 mm
conpared with 1 0 mm of uncoated bare el ectrode. Sone dry pol ynmer scrap
sanpl es en. fromthe thernoplastic bag tg test swelling ratio and
*505- “aentlBgt ar Tae Gl yany DERIPEETbbS, EEUond i St R or t he
el ect r odesueiLAlRREhEd N(hyRRo:35%@A) edr@ehide Me! LB wad | ddtdiRQB Glonkr y

pol yner sanple (0.327 g) was put into a small bottle and 1.129 g of

di sti | | edSinepbarmygkeraigeldteagentd a. hid. heaghai, Glfiner 24 hours, the swel | ed
sanple was tested with low field NVR Two kinds of proton signals appeared
inthe lo I %ﬂgﬁ ectra. One is for adsorbed water (swelling water)
and the opﬁéﬂrl%%r or r?Cir%ée water. The free water signal has a |linear
relation with free water proton intensity, i.e., by changing the total
amount of [G0A8EA carbbineclevtiode -($Gtam &t 84 @ol ¥ el nsa)jrpreparacioby gepongi ag

vari ation ree water Siglirfﬁaelt i ntepsit re got. Thus, a regressi.on

f
funct i on BHCndeE 364 CuhRR OB RRIOH. 1B SANBYIShehPS P ST BiegRa oF
obt ai ned. pa-lgﬁ'etﬁ}rl@r?e Y@Eﬁ{thé}ﬁ@}JRPET?Sﬁlﬁﬁ! e hee Boogm{ es Wall&l iRbohon
intensity through the regression function to be 0.669 g. The adsorbed water
amount watheovabplastattag veglef bstahepentaisdil ® edn wadiemeterioraat lefaomran on theee wat er
=1.129 g - 0.669 g = 0.46 g. Swelling ratio (weight)= (adsorbed water/dry
pol ymer) *100%=0. 46/ 0. 327*100%140%



-503- Density [0031] Dry polynmer (1.32 g) was soaked in HCl solution (200
m, 1 N for 24 hours. The soaked pol yner was rinsed with deionized water
until thewbi2btwes@sbecane neutral. Then put the pol ynmer PCRius2Na@i548@1 ut i on
(100 M, 1 N) to equilibrate it for 24 hours. Took out 10 ml of the
equilibrated solution and titrated the 10 ml of the equilibrated solution
with NaOH solution (0.01 N). -S03- density= AVNaoH * 0.01 N * 10 / dry

pol yner -tln(e[aaolﬁamCOEﬁg Th&@éépa{ied:ﬁol&tclidn K)&sl\/hdde'd%rce dt]maerthe%‘mmadﬂw bagl %; mer .
Resi stance [0032] The coated el ectrode was asse ed wit counter bare
car bon el @éw%ldée fPsNIRESy T E%P e thermgpla %@&W%%th%%sanﬂm@ﬁﬂ%etzwee

t hi ckness * t | sy sh into
a et hyl engle\g?sn(ilf{gnss tal?sg&A‘VE@/IZ) Qme ngﬁhfg Wﬁf& mP @I(?W&gha%g 5na

sandwi chetbcbetl \ileencanhtbe tth\ﬂmpblsmcr bw@and thet glsass plheS rtesmaé:bammetltemhcdof | n
1600 ppm I\E oI u i on. Lan tes 1‘@818 and CT2001D from Wihan
Ji nnuo El &€f a@% lmn}_etr%F ut@‘h e\/?k?l%‘3 BVEULRE £ S2FYHY and the

charge cupgigmdt aa@s dde3Q dMyr i Qﬁ%@ﬂes W eac%aaﬁa@éi vkt bpdﬁ‘e ls6BkiSh a9 Clc Was

calcul ated as follow Resistance = cell resistance - solution resistance -
count er eflectrodsdé freedhait ﬁlnceésermdylwasetgk@t avicel thasaobinaicakidett andoihgit he Land

0. 1251 1. BB iEg ey TEE iy et SUTRE v KBRS agh 1 ne

sol uti on ﬂ&ﬂﬁ@lﬂhsﬁél Bag 4riodbknp O RekEadcqt tantan tHd S@NEI4SE pMick MO\RIEHdCéQBESS
=1/3.2*0.07=0.02 Ohm . Counter electrode resistance was pre-tested in a two

i dent i cal othsr FuttieHs aspeelly dre an esen at i Kgfor B hoae testing nethod as with
the coated electrode in which cell resistance=0.12 Chm and sol ution

resi stanc r ( 2)/ 2=

0- 05 Chm oL AR e S0 Sl LadE Fhe O, oS R TR G

[ 0034] Forts thidowpawat mvaumdm to be 1 r adintdoorpated withriSbmmred umoatitéd ke car bon

el ectrode jn ich a piece of I X nenhrane - 67, r & Process
Technol ogﬁlégtrgg&ag polyer psEgp §Eplgt Ve oD B ParEoRATISdREd ect ode,
Was asse”@s@@w@!hh@ rﬁtlQaJnﬁ %gb‘a@nﬁﬂyeﬁf HRABoMbct eTRe RAJisARE fddowisdacer
(size: 16 cm* 24 cm thickness: 7 mm was sandw ched between the two

el ect r odesfficeencp of theleectrodé W@@rt@%ed hemgosenltied 800 ppm NaCl sol ution. Land
battery tester CT2001B and CT2001D was used and the charge current was 1250
mA. [OOSS]SWGfﬁnnq{dgr ane nodifi ed carbon el ectrode resistance= Cell
resistanc8 -~ $6l utIon resi stance - counter eI ectrode resistance. The Cell
resi stance = AVoltage/current = 0.24/1.25 = 0.19 Chm Solution resistance =
1/ conduct '[0(]30}/Hrﬁip©kym55ampld a) ZZ’D vias Iﬁn Qﬁto&l Rmallasoitle ané | 1elQYr @ b

resi stance = (0.1 2)/2 =0 us, the I X membrane dified

car bon el é@flu%@’aFeésWasst %Hjé’é-m'@ ?P@ @tg]? f?.‘)ft@SZ‘b heyrsoffiy sydsdei “@dat ed

el ectrode i 3 ) red with
1. a4 ohm T ang iy D SRENSER S St BB h Mmoo e

el ect r odeNMRirspecita. E¥rfei lslfenaojfsoﬁlﬂidBW]ltefl(ﬂweélng phfercamhty M/h@r alfen frteest ed in

a tw electrodes cell in .16 efficienc
emoved sma (e st etbLr BPadr B s o e g M ooy e P BT BB B gos) . The
mol e of ?Déb%ﬁi Ligal the Waga1 Ok @inkest {;vlafei?tiﬁhth%al;vﬁﬂé{ hthafedobolyRRr S@liptd, on

conduct i vi change fromfeed solution to dilute solution"to be .4 mol
The tot al cmomheg g@lsatmr ef freedvaﬁem&»grgih inthesityawerehgatt hys, {2eEgEassiOT2001B
and CT200 oul orrbs

Cu t_eff ol f
Famved ohcton 8BEGo B BRRED Wi S7° FeRiatr SuLSBi fht PR TEr s, -
(4.4 * 966QR:r anfdufOad cA8DIted frjdﬁp%bc wfer4¥oton intensity through the regression

function to be 0.669 g. The adsorbed water amount was calculated as follows:
Adsorbed water = Total water - Free water = 1.129 g - 0.669 g = 0.46 g. Swelling
ratio (weight)= (adsorbed water/dry polymer)*100%=0.46/0.327*100%=140%.

-SO;5™ Density



[ 0038] The enbodi ments described herein are exanples of conpositions,
structures, systens, and nethods having el enents corresponding to the

el enent s WO 20h@25618enti on recited in the clains This w PCTAS2tle8¢348pt i on
may enabl e those of ordinary skill in the art to make and use enbodi nents
having alternative elenments that |ikew se correspond to the el enents of the
I nvention recited in the clains The scope of the invention thus includes
conpositiﬂhBl]B&ypGBﬂkﬁSL3Sg$ﬁ@ﬁ&yﬁB@hﬂH(h@dﬁﬁb?ﬂﬂXﬂ@LﬁﬁN)ﬁkﬂﬂdﬁn&iOﬂ]the
literal |anguage of the clains, and further includes, other structures,
systens anéc SRR BEICE 1 Ry AR drianiZed prest é‘HE]e'g‘e g bams hehral

| : ; | . ‘ ; h
anguage g%?% {9@ Jﬁé gg%GMtb g\leag'? ﬁb{luﬁ_%ﬁ T(?dnd;rﬁlglelan%l g iEc}?%ﬂi’Maé@Rﬂ' Ps, NaVe

been illu escri erein, ati1 ons and changes nay
occur to dnek ofit U ohl oéithe skililirated nolihen ned 6trated tier tQ nilloé tapgpndeated| ai s

| h ificati h .. CLAINS, 1. A neth I Si
Copal ymer A RTONEgroRBRBH O Y 4L Oh e o 1 08T b GEoBV H 1
i d . fx o a1 ' I.d | t
mononer . ARGTS R By e NPT kR R ] R her e n e

sul fonic acid or salt nononer is of formula (b):
Resistance

[0032] The coated eclectrode was assembled with a counter bare carbon electrode
while a polymer flow spacer (size: 16 cm * 24 cm, thickness: 0.7 mm), which was
prepared by heat pressing a polymer mesh into a ethylene vinyl acetate (EVA)
polymer film to form a flow channel, was sandwiched between the two electrodes to
test the resistance thereof in 1600 ppm NaCl solution. Land battery tester CT2001B
and CT2001D from Wuhan Jinnuo Electronics Co., Ltd., Wuhan, China was used for
the testing and the charge current was 1250 mA.

[0033] The coated electrode resistance was calculated as follow: Resistance = cell
resistance - solution resistance - counter electrode resistance. Cell resistance was
obtained through the Land battery tester CT2001B and CT2001D (Cell resistance =
AVoltage/current =0.125/1.25 =0.10 Ohm). The solution resistance was calculated
through the solution conductivity (solution resistance = 1/conductivity*thickness
=1/3.2*0.07=0.02 Ohm). Counter eclectrode resistance was pre-tested in a two
identical bare carbon electrodes cell using the same testing method as with the coated
electrode in which cell resistance=0.12 Ohm and solution resistance was 0.02 Ohm.
The counter electrode resistance=(0.12-0.02)/2= 0.05 Ohm. Thus, coated electrode
resistance= 0.10-0.02-0.05 = 0.03 Ohm.

[0034] For a comparative study, a traditional IX membrane modified carbon electrode
in which a piece of IX membrane (CR-67, GE Water & Process Technologies,
Watertown, MA, US) was attached onto a bare carbon electrode, was assembled with
a bare carbon electrode while a polymer flow spacer (size: 16 cm * 24 cm, thickness:

0.7 mm) was sandwiched between the two electrodes to test the resistance thereof in



0 11 H2C CG---CG-X-Y-S03H 1 R2, wherein R2 is CH3 or H X is NHor O and Y is
al kyl. 3. The nethod of claim2, wherein the sulfonic acid or salt nononer

i s 2- acrwbamiidesezsmet hyl propane sul fonic acid. 4. The merlusdoiofo4sB@i m 1,
wherein the sulfonic acid or salt nononer is 2-

acryl am do- 2- net hyl propanesul fonic acid, styrene sulfonic acid, sulfoalkyl
(meth)-acryl ates, sulfoal kyl itaconates, with a Cl1 to C6 al kyl radical, or
vi nyl sul f 0600 pmaiNaEnRdlrisRDDandbat@l-K adsier 081280 1 B ranal(KRAOOMD vesrddad mrial sal ts
t hereof 5. The nethod of claim1, wherein the sulfonic acid or salt nonomer
is 2- acr CHAPES SUREMAN 3P8Anesul f oni caci d, styrene sul foni caci d, p-
styrenesul fonic acid, sulfopropyl acrylate, sulfopropyl itaconate or

vi nyl sul f Q38| £ intn@ieh ARDBBIHCH ThrbdR U b d PRERESLATCRNJe @itk UThRBLES
t hereof 6. The nethod of claim1l, wherein the nononer of formula (a) is

Nrret hyl ol sesrsyanaeri-deOnie leledirosey naeststanicy.ahey CaHi rdei sthidg) T M Voltage/current =
met hyl ol cryl am .. N- (i sobutox t hy] ).- | am I ,
N (1 sobut BRI ATy 1 onGtRatt YA RS R (eraat Sy mEe T A3 U G
(NBMA) . 0.02 Ohm. Counter electrode resistance = (0.12-0.02)/2 = 0.05 Ohm. Thus, the IX

membrane modified carbon electrode resistance= 0.19-0.02-0.05=0.12 Ohm.

[0036] The coated electrode resistance was 15.36 Ohm * cm” (0.03 Ohm * 512 cm?)
compared with 61.44 ohm * cm” (0.12 * 500 cm?) of the IX membrane modified

carbon electrode.
Current Efficiency

[0037] Current efficiency was also tested in a two electrodes cell in 1600 ppm NaCl.
Current efficiency = (Mole of removed salt * 96500 coulombs/mole) / (coulombs of
total used charges). The mole of removed salt was obtained through calculation of the
solution conductivity change from feed solution to dilute solution to be 4.4 mmol. The
total used charges were read through the Land battery tester CT2001B and CT2001D
to be 450 coulombs. Therefore, Current efficiency = (Mole of removed salt * 96500
coulombs/mole) / (coulombs of total used charges) = (4.4 * 96500 * 0.001 / 450) *
100% = 94.4%.

[0038] The embodiments described herein are examples of compositions, structures,
systems, and methods having elements corresponding to the elements of the invention
recited in the claims. This written description may enable those of ordinary skill in
the art to make and use embodiments having alternative eclements that likewise
correspond to the elements of the invention recited in the claims. The scope of the
invention thus includes compositions, structures, systems and methods that do not
differ from the literal language of the claims, and further includes other structures,
systems and methods with insubstantial differences from the literal language of the
claims. While only certain features and embodiments have been illustrated and

described herein, many modifications and changes may occur to one of ordinary skill

10



7. The nethod of claim11, wherein the nononer conprising at |east two am de
groups is selected from carbonyl di am ne and a conpound of fornula (c) 00
H2NR3NH2 wowhewreset8sR3 is NH , aliphatic radical or ethePCuniszo1084543he

met hod of claim 11, wherein the nononmer conprising at |east two am de groups
is selected frombiuret and succinam de. 9. The nethod of claim1,
additionally conprising copolynerizing in the presence of a free radical

i nitiatorin thtGeleVhe aret The apfendédtiain coveealtisach hedifi@donashidalanged. ti at or
conpri ses ammoni um or potassi um persul phate,

2,2 -(azobi s(2-nmet hyl propi onam di ne) di hydrocl ori de, hydrogen peroxide, or
pot assi um sodi um or anmoni um peroxodi phosphate. 11. A polyner nmade by the
met hod of claim1. 12. A nmenbrane conprising the polyner of claim11l. 13. A
met hod for coating an el ectrode conprising: providing an el ectrode;
providing a solution of a free radical initiator, a nononer conprising at

| east

11



0 11 C -CNHCH20H 1 two am de groups, a nononer of formula (a)R and a
sul fonic acid or salt nononer; wetting the electrode with the solution; and
heati ng twe 20at@2es8el ect r ode; wher eby t he nmonomer PCOgseéviongys@t | east
two am de groups, the nononer of formula (a), and the sulfonic acid or salt
nononer are copol ynerized; wherein R is CH3 or H 14. The method of claim
13, wherein the sulfonic acid or salt nononer is of formula (b): O

CLAIMS:

1. A method comprising copolymerizing a monomer comprising at least two
O

H,C=—=C—"CNHCH,OH

amide groups, a monomer of formula (a) R! ,and a
sulfonic acid or salt monomer, wherein R'is CH; or H.
2. The method of claim 1, wherein the sulfonic acid or salt monomer is of formula

(b):
0

H,C=—C——C—X—Y—S0;H

R2
wherein
R? is CH; or H; X is NHor O and Y is alkyl.

3. The method of claim 2, wherein the sulfonic acid or salt monomer is 2-
acrylamido-2-methylpropane sulfonic acid.

4. The method of claim 1, wherein the sulfonic acid or salt monomer is 2-
acrylamido-2-methylpropanesulfonic acid, styrene sulfonic acid, sulfoalkyl
(meth)-acrylates, sulfoalkyl itaconates, with a C; to C¢ alkyl radical, or
vinylsulfonic acid and ammonium, alkali metal or alkaline earth metal salts
thereof.

5. The method of claim 1, wherein the sulfonic acid or salt monomer is 2-
acrylamido-2-methylpropanesulfonic ~ acid,  styrenesulfonic  acid, p-
styrenesulfonic acid, sulfopropyl acrylate, sulfopropyl itaconate or
vinylsulfonic acid and ammonium, sodium, potassium and calcium salts
thereof.

6. The method of claim 1, wherein the monomer of formula (a) is N-
methylolacrylamide ~ (N-(hydroxymethyl)  acrylamide, = NMA), N-
methylolmethacrylamide (NMMA), N-(isobutoxymethyl)-acrylamide
(IBMA), N-(isobutoxymethyl)-methacrylamide or N-(n-butoxymethyl)-
acrylamide (NBMA).

. The method of claim 1, wherein the monomer comprising at least two amide
groups is selected from carbonyldiamine and a compound of formula (c)

i O
H,N R3Jk

unit.

. The method of claim 1, wherein the monomer comprising at least two amide
groups is selected from biuret and succinamide.

. The method of claim 1, additionally comprising copolymerizing in the presence
of a free radical initiator.

2

~J

NHZ, wherein R? is NH , aliphatic radical or ether

o0

O

12



11 GCCX-Y-S03H1 R2 , wherein R is CH3 or HL Xis NHor 0 and Y is al kyl.
15. The nmethod of claim 14, wherein the sulfonic acid or salt nononer is 2-
acryl am dwo20mmkbe/Bpr opane sul fonic acid. 16. The net hoacofusediaioni4gd,
wherein the sulfonic acid or salt nmononer is p-styrene sulfonic acid. 17.
The nethod of claim 13, wherein the nononer of fornula (a) is

N( hydr oxynet hyl ) acryl am de. 18. The nethod of claim 13, wherein the free
radi cal i ni tlijarh method oPclaid, GAticsdi? the TRk hydiqal Dtiddraningiiss anthdiyanhee! ori de,
anmoni um per supglagien PErsPhAs,S LLM(PBLSELARBYIBropledamidi:) MBhP@dcIefids! ai m 13,

wherei n the nop

berCRTBLilS | R PoBbsilBasIdidiBr Mﬁl&ﬁ PiBRodiphdspheny! di am ne

20. An el eCtlflosiggﬁﬂ&ﬁﬂa&yb;lﬁs B dAASH BfimCf al M 1

12. A membrane comprising the polymer of claim 11.
13. A method for coating an electrode comprising:
providing an electrode;
providing a solution of a free radical initiator, a monomer comprising at least

H,C=—=C—"CNHCH,OH

two amide groups, a monomer of formula (a) R! and a
sulfonic acid or salt monomer;

wetting the electrode with the solution; and

heating the wetted electrode;

whereby the monomer comprising at least two amide groups, the monomer of
formula (a), and the sulfonic acid or salt monomer are copolymerized;

wherein

R'is CH; or H.
14. The method of claim 13, wherein the sulfonic acid or salt monomer is of
formula (b):

H,C—C—C—X—Y—SO0;H

R2

wherein R? is CH; or H; X is NH or O and Y is alkyl.

15. The method of claim 14, wherein the sulfonic acid or salt monomer is 2-
acrylamido-2-methylpropane sulfonic acid.

16. The method of claim 13, wherein the sulfonic acid or salt monomer is p-
styrene sulfonic acid.

17. The method of claim 13, wherein the monomer of formula (a) is N-
(hydroxymethyl) acrylamide.

18. The method of claim 13, wherein the free radical initiator is 2,2’-(azobis(2-
methylpropionamidine) dihydrocloride, ammonium persulphate, or potassium
persulphate.

19. The method of claim 13, wherein the monomer comprising at least two amide
groups is carbonyldiamine.

20. An electrode coated by the method of claim 13.

13



