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TI TLE OF | NVENTI ON M CROPCROUS MEMBRANES AND USES THEREOF

5 FI ELD OF | NVENTI ON . The present invention
relates to certain novel menbr anes and the novel uses of certain
menbr anes. WO 9817377 FI ELD OF | NVENTI ON PCTICAITIOTH s
application is a continuation-in-part of US 10 Patent Application No.
08/ 733,792 filed OCctober 18, 1996. BACKGROUND
OF THE | NVENTI ON Menbranes are used, for instance, in separation

processes as selective barriers that_allow certain 15 chem cal species
to pass, i.e., the permeate, whi|BLILE OF ot her chenmi cal

species, i.e., the retent adCROPOROUS/MEMBRANESOARD LSES THEREOY
applications, for exanple as bi osensors, heparinized surfaces,

facilitated transport menbranes_utilizing crown ethers and ot her
carriers, 20 3 targeted drug deIivetﬂﬂﬂﬁkﬁﬁhﬂﬂﬁﬁﬂ!ﬂ@ﬂng menbr ane- bound
anti gens, cat al yst - COTHeai pragent NEivenlfon reldtRat e€o certain! f AcESL

shar pened resol uti r | cki materia narr ow band
opti cal absorbers, IRa.n |n v%ﬁg @RQ ol %SQ% °Fr%%f?ﬁﬁﬁ eWhFéﬂ *Phvol ve
renoval of a solute or contamlﬁﬂﬁég_gﬁﬂinlﬂﬂﬁﬂﬂe, dialysis,

el ectrodial ysis, '1‘111@ inﬂi:l.&c’&ttln.@ﬁi :.st“ér%Bh{:!.ﬁ@éﬁﬂﬁx-m- s\felrl%g us
osnosi s, nan a and. in el ec

batteri es. P;té'gﬁ ?*gggf’%a‘él?'brg Wi/ﬁjslggupﬁbf?‘i S§tr es 30
for menbranes. 199&pecific physical and cheni cal

characteristics to be consi der ehadR@ROSED E6F | e ANVENTION
Membranes are used, for instance, ~in separation
processes as selective barriers that allow certain -
15 chemical species to pass, i.e., the permeate, while
retaining other chemical species, i.e., the retentate.
Membranes are used in many applications, for example as
biosensors, heparinized surfaces, facilitated transport
membranes utilizing crown ethers and other carriers,
20 targeted drug delivery systems including membrane-bound
antigens, catalyst-containing membranes, treated
surfaces, sharpened resolution chromatographic packing
materials, narrow band optical absorbers, and in various
water treatments which involve removal of a solute or
25 contaminant, for éxample, dialysis, electrodialysis,
microfiltration, ' ultrafiltration, reverse osmosis,
nanofiltration and in electrolysis and in fuel cells and
batteries.
There are a large number of supports or substrates
30 for membranes. Specific physical and chemical
characteristics to be considered when selecting a
substrate include: porosity, surface  area,
permeability, solvent resistance, chemical stability,
hydrophilicity, flexibility and mechanical integrity.
35 Other characteristics may be important in certain
applications. '
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substrate I ncl ude: porosity, surface ar ea, perneability,

sol vent resistance, chem cal stability, hydrophilicity, flexibility
and nmechanical integrity. 35 QO her characteristics may be inportant
in certain applications. WO 98/ 17377

PCT/ CA97/ 007WO 98/17377 2 PCT/CARTR0TI0a et
al., J. Menbr. Sci., 108 (1995) pp 37 to 56, there is described a
procedure for nodifying m croporous popypropyl ene and pol yet hyl ene
menbr anes wherein_ 4-vinylpyridine is in situ polymerized into the 5

pores of the menbrane. In Mika et'al., J. Membxr. SghnARMEHRLMGENFPCR to .
W have found that 56py thess- |ligkidegdriBedendr apescedure *BECI WBRIFPIndV ka

t al. with it -1 ki t, di vi nyl ne
ok there”are pigoroRaroR, iboppens ol ostiah el ndiel
mcrofiltration  wheraimsirtwinylpyridinesisnhbsesitr @olynesikedaintb tthe ei n

a cross-d i nkpgresl yela@rt mehpten®l hydrogel anchored to the
substrate polyner, which exhibit n Y I f VEk variety of

menbrane applications. 15 I - menbr anes exhi bit
si gni fi cant i on r¥¢ eaverEqunshdhatesbyeaabss nbinkingr thef membranes be

effected, particul geb¥rabed!! By Al iV & ESBUNRLLISUCNs@table crol8-RigEswy € of
tap water, by renovin cal cium and

mul ti,val eng, i.on as .
magnesi um in prefggsﬁEé ??F?:ﬁ? éﬁﬁiﬂgagFBﬁ???oﬁ@ﬁ53u5935§ §58[Bﬁ?Vl?ed
The nenbrane® fuchheged exigmlintanes ecomprheingal porous segaofidtration

BBl cat tons, i ol o perare MRlRe YhodepiZes have FbEYd Xherein a
cel|  separators cr&ﬁg'ﬁz‘@‘e‘{ @P&é’?iﬁﬁﬁ”é‘?‘f}r% °§yh¥ﬂ§%‘¥%1. anchored to'the

substrate polymer, which exhibit novel effects in a
variety of membrane applications.

15 In particular, the membranes exhibit significant
ion rejection propérties, enabling water softening to.be
effected, particularly at ultra-low pressure, such as
the pressure of tap water, by removing multivalent ions,
such as calcium and magnesium, in preference " to

20 monovalent ions, such as sodium.

The membranes further exhibit electrochemical
separator properties which make them suitable for a wide
variety of applications, including electrodialysis,
battery separators, fuel cell separators and

25 electrochemical synthesis.

In addition, the membrane may be used for Donnan
dialysis, diffusion dialysis and pervaporation.

Accordingly, in one aspect of the presént
invention, there is provided an improvement in a

30 membrane separation process selected from the group
consisting of pressure driven membrane separation,
diffusion dialysis, Donnan dialysis, electrodialysis,
electrochemical synthesis and pervaporation, the
improvement which comprises employing a charged membrane

35 comprising a porous substrate and a cross-linked
polyelectrolyte or hydrogel located in the pores of the



I n addi tion, the nenbrane may be used for Donnan di al ysis, diffusion
di al ysi s and pervaporati on. Accordingly, in one aspect of
the present i nvention, there is provided an inprovenent in a 30
menbrane separation process selected fromthe group consi sting
of pressure WOBRBRBThenbr ane separati on, di f fusi on di RCTGAITROTMHNnnan
di al ysis, electrodialysis, el ectrochem cal synthesis - and
pervaporation, the i nprovenent whi ch &onprises enpl oying a charged
menbrane 35 conpr.i,.si.n a porous substrate and cross-1inked

pol yel ectrol yte or "h‘ipdsrt(f%&e'l ogﬁfgﬁl? n°€h§‘$cﬁh@§gﬁg f“ﬁ’(agbranes ars\§gsl17377
PCT/ CA97/ 00770 as set forth in the claims hereirf and descsiibsd raelow.

Certain of the charged mEbLRNGE818EErdIMR! or hydrogdS ma$! bbOEbind Nid Ree
clains herein and descri be I(%/ | ectrol yte or

el ow. . The po .
hydrogel may be folffF$%h ?tﬁet?he substrates byt ’c’hesk‘ﬂ'gs? Lymerggatpor; pf a
pol yneri zati on50f anondiner mphomemixtuze noikt momomdr sTomichters wrods-alinking

cross-1inking ageftent thé NendHRRRIE 0! agt | BRE Vs ! BRie ™HUHGRr
m xture bei ng sel ecteo frogatéhose fonorrers whi ch contaln

[ a ]
functional group t XS PEERI P ISTESk EFRgEhese donomers which Rntaim ch
contain a group whizhfusctsimedptgidup t thatl Oprowidese e al ori-eaethadgeb\s iwei ch

such functional gr o t in c d
ST u-1 or med. pol yrer i tHidbe uhich SURESEHSD ddould h@ﬁgﬁ% blscelfille, to
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situ pol ynerizat i onsulsegjuenndgeintroducedX tor ehef in 1k tu~-FOBNER N Sol e .
nononer or at | east one 3f g r f n ) Xt.ur
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that provides an i o formed g cHhgeoxss ohnkhe hokstyditen byontfdinsta dgmoup -
which is sussemi | pod yinarhzation cAf r aachondmdyy Wi CH SMf¥ture of '

15 monomers, the monomer or at least one of the monomers of
the monomer B mixture being selected from those monomers
which contain a functional group that provides an ion- -
exchange site and those which contain a group which is
susceptible to a chemical reaction by which such

20 functional groups are subsequently introduced to the in
situ-formed polymer, and, subsequently, cross-linking-
the in situ-formed polymer.

The properties of the cross-linked polyelectrolyte
or hydrogel located in the pores of the substrate, by"

25 covalent bonding to or cross-linked around structural
elements of the porous substrate may be modified for-
specific applications by selection of the appropriate
degree of cross-linking.

BRIEF DESCRIPTION OF DRAWINGS

30 Figure 1, comprising graphs A and B, contains a
graphical representation of the effects of temperature
on pervaporation of water/ethanol mixtures, as detailed
in Example 7 below.

GENERAL DESCRIPTION OF INVENTION

35 The porous microfiltration substrate which is

modified to provide the charged membranes used herein




20 functional groups are subsequently introduced to the in

situ-forned pol yner, and, subsequently, cross-Iinking the in
situ-fornmed pol yner. The properties of the cross-Iinked

pol yel ectrol yte or hydrogel |ocated in the pores of the substrate,
by 25 coWP&¥tB3BObnding to or cross-linked around struct BCECAI7/00770

el enrents of the porous substrate may be nodified for specific
applications by selection of the appropriate4 degree of

cross- | i nking. BRI EF DESCRI PTI ON. OF DRAW NGS = 30

Figure 1, conprisi MGYgrGPMRFi&eand WOrOYFt sfukstayate formedyppf cgolymeric
répresent ation of tateefékct such taasslatptopylene ororpqqg@:apméﬁa Ofned
wat er/ et hanol m xt ys
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her ei n 5s WO Y%bstddfe polymer by either covalent bondlng to or
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porous substrate f Srve l?‘nko yr%‘emund the R crtlu§Fl Rile e} poI gpyl ene

or pol yethyl ene, i mRoFous SUbS‘Wﬁé:epores of which may be in situ pol yrrerl zed
and cross- |Inke@oBOEM%@§t§@$ﬂxﬁ%e§r Bxer pape Sdpdidieradmhy Yhey S

substrate pol ymner e l.ent___bon
cross-linked around“theY h’l c?ﬁ?é %léfrrgﬁ‘f’ gr?'ﬁeabWt 4. -0 £8u2P8lbs P at e.
For porous sub&trafésronfe prre dpreferatd ynafromr pbout 0.1 Hel yakmmt: 5 -

preferably range fmiBrehgutand. %ﬂt@.c@@ﬁk‘lyeroﬂto abotCIRRS . to nHB@ut 1.0

preferably from abqut O. 1 to crons and pa fronj
ot 0.2 to about Mezons. | © Fag igneters fofl G SHohdang Yibstda
substrate are measuxedrieyl the thvbbiebbbdbnip gietthode ahodrdinup riati m@TMoFASTM
F- 316.

15 The porosity or pore volume of a polymeric porous

substrate used herein ‘is preferably from about 25 to
about 95%, more preferably from about 45 to about 85% °
and particularly from about 60 to about 80%. . Porosity
can be derived from the value of the bulk density of the*

20 porous substrate and the polymer density of substrate -
polymer according to ASTM D-792.

The thickness of substrate will depend on the
intended use of the membrane product. For many uses, -
for example microfiltration, thicknesses ranging from

25 about 1 to about 1000 microns, more preferably about- 10
to about 240 microns and particularly about 20 to about
100 microns, would be suitable.
In situ polymerization of a suitable monomer to
enable anchoring of polymeric molecules having ionizable
30 groups may be effected by any convenient polymerization
procedure, preferably by free-radical polymerization
operation. Such free radical polymerization may include
initiation of the polymerization by radiation
initiation, thermal initiation or redox initiation.
35 Typical initiators which may be used in the free radical
polymerization include benzoin ethers and benzoyl



316. 15 The porosity or pore volume of a polyneric porous

about 95% nore
preferably from about 45 to about 85% and particularly from about 60
to about 80% Porosity can be derived fromthe value of the bulk
density of tWO@982B77 porous substrate and the pol yner densiRCI/GAD78UTt r at e

substrate used herein is preferably from about 25 to

pol ynmer according to ASTM D- 792.

wi |l depend on the i ntended use of the; menbrane product.
uses, for exanple mcrofiltration, thicknesses ranging from 25
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zydr nghtenidef angd
acrylamido-alkyl-sulfonic acid, such as 2-acrylamido-2--

methyl-l-propane sulfonic acid. The polymers so formed
15 in the pores are non-extractable therefrom and hence:

in-situ

polymerized

20

25

30

35

molecule to control or modulate conformational -
flexibility of such molecules may be effected by adding:
the cross-linking monomer to the in-situ polymerized

monomer, so that the in-situ polymerization and cross-
linking occur simultaneously. Alternatively, the cross-

linking may- be effected as a separate operation
following the initial Jin-situ polymerization. The

cross-linking which is formed may be covalent or ionic

in nature and may be effected by radiation cross-
linking.

The simultaneous in situ polymerization and cross-
linking is preferred since the yield of the in-situ-
polymerization in terms of increase over the base weight
of the substrate, is significantly increased thereby.

The cross-linking agent may be any suitable
unsaturated molecule capable of reacting to produce-
cross-links in the in-situ polymerized molecules. The
cross-linking agent may be a molecule containing at
least two unsaturated moieties to permit the formation'



pol yel ectrol yte or hydrogel. The menbrane which is formed may be
anionic or cationic, depending on the 10 unsaturated nononmer which

is in situ polynerized. Sui t abl e exanpl es i ncl ude

4-vinyl pyridine, acrylic acid, met hacrylic acid, styrene,

vi nyl benzyl WeP#tBde and acryl am do- al kyl - sul f oni c RCTICAIHWIN as
2-acryl am do- 2- nmet hyl -1 - propane sul fonic acid. The pelyners so
formed 15 in the pores are non-extractabl é therefrom and hence

anchored therein. .Tge cross-linking of the in-situ polynerized
molecule to confol FO5S-1iBKSt ate EXEBRA{SF maPfongPch monomessi parety
of” such nol ecul es meyibgleéhzaneedany dtdimgpy2idinéhe othes- kikakpbes nofomer
to the in-situ pol yigilped cross-llima.ﬂﬁ'sﬁloné&fsh%&et Ffaé&f%ée%, such as

i NKI Ag aneolsty.

pol yneri zati on and Cross- occur si mul e

Alternatively, theddrgsBylene glyeoll; Adagrylate. of feiciadethylanecgivaed)

oper ation 5 f aliacoybate thre 1,i6rhekahedidl ilaerphyeeri zati on. The
25 cross-1inking whi chuis {@_q, Q' | oni.c i
nature and may be effec? re1 gagéa w?ﬁ%n&;%rs%s\é@hﬁmg %orio?'[r%lﬁ r’ilgs.eCl depeﬁds

The sinultaneous i ®P%ithg peRhRINe ARRIJFakhancapd guay vary up ki gjong 30
preferred si nceht hertwi &lfd t@E ttheal nweight oﬁoirt; Ei)i:z‘tx’n%]:.ﬁﬁzii@%d} Ehoheit‘nf‘ﬁ of
i ncrease over the i f rate, is significan
i ncreased t her eby. HSEubE! 9 %orfﬁ%t%ﬁ %rse_al | ﬁi’ﬁné‘t‘%%’énltow uéﬁy%&ﬁ'?ébl e
unsat urat ed nd? eculdPPddpabiensdf thenquangity pfoguees-linkingcmonomerniayi n
the in-situ polynmemuaedpmod esnthats 108, Theeferdbly EremSabbiki 2 524NbbEEY be
a nol ecul e cont ai rgi ng‘v_\%t _ll_east. t.Wo unsat ur at ed. noi et i eds to permt
R 17952

the formation weight  21n~ situ polymerized monbmer
PCT/ CA97/ 00770 mixture. For the electrodialysis, @iffusion gfialysdssahénks.
Exanpl es of such pofpafnMdialy8i€ applications, the quantity of cross-

15 linking monomer may vary from about 0.25 to about 30

wt%, preferably from about 15 to about 25 wt% of total
weight of in situ polymerized monomers.

The polyelectrolytes may be cross-linked after they
have been formed in situ in the pores by a post-

20 polymerization treatment. The cross-linking agent used
in this type of post-polymerization cross-~linking may be
a molecule containing at least two or more functional
groups capable of reacting with functional groups or
other active sites on the in situ formed polymer to form

25 covalent bonds or ionic bonds. Examples of molecules
forming covalent bonds are dialkylating reagents, such
as 1,3-dibromopropane, diacylating and triacylating
reagents, such as isophthaloyl and trimesoyl chlorides,
respectively. Examples of ionic cross-linking include

30 complexes formed between multivalent transition metal
ions and carboxylic acid groups.

The quantity of in situ-formed polymer depends on
the membrane application and may vary from about 20 to
about 400 wt%¥ of the initial weight of the polymeric

35 porous substrate. For water treatment under low pressure
driven applications, the quantity of in situ-formed



di vi nyl benzene and di vi nyl pyridine. O her exanpl es of sui tabl e
cross-1linking nononers are diacryl ates, such as di (et hyl ene gl ycol)
di acrylate, tetra(ethylene glycol) 5 di acryl ate or 1, 6-hexanedi ol

di acryl ate. The quantity of cross-1inking nonomer used depends
on the menbrwOA&S/EPPL i cati on and may vary up to about 30 PCT/CAT/OIT t he
total weight of in situ polynerized nononer m xture. -~For water
treatment under | ow pressure driven 10 appgl i cations, the quantity of
cross-1inking nonomer may run up to about 10% preferably from about
0.25 to about polymerds vy t taaly wEkght abousi t 80 pdloymebbred 2@homsk,

mxture. For the e';ﬁ‘%ﬁe&@b@%’%h&m Qbéﬁt!JSéS)ntéj'a"Ad{fﬂ 910%”@:1:% of we@%ﬂ@aﬁf
di al ysis applications, t ua,nlta/ |n|ng m)noms1
vary from about 0.28'% oP% e Sls O%trﬁltﬁfer Ry et Yff}sto
about 25 wt % of totddiffusion d:mlghts @ind Posnam qtn:d]ws&lsl applhecatoierss. the
The pol yel ect r gl VU egudifit ehe o8 ans ddeikeBrld o vadA e aBoler med
|n3|tU|nthepor§ %)da ost-__20 _ po lon 't reat
cross- i nking agent®ds out 250wt sp’E%%é’aS’lep Ezem P Perhiipbout
cross-1inking may b&b0 wt¥ ofapobymserilee pomotiai subsy mitel.east two or rmre
functi onal group ap of cti 4h ti geal

STHeAPaRl e tyl;?ea tn:.'E? é@%r ta{)ﬁb#& 8g 195&%%“61 ted

ot her active sites on the in situ
bonds or ionic bond¥® YmeEy?arﬁﬂYesb%f qHﬁF%E’EH@ for °e¥‘éﬁ'1rﬁ n@PEJeKFéﬁ"é-ﬁPSbonds
are dial kyl atiing resmgEnt s sbgh alkylatiasm,l, Botdi t&ﬁméopaﬂﬁhdlmyét&mng
and triacylating ageqnt u t:hal oy Vi

chl ori des, rseusl eh(?tt%ve?g. §'eI]:'?;agQI ggk%fq'%}np% S¢r (Il)'ggg\q?}ﬁ% né%r?é’lka%e

30 conpl exes for il?@ts\meen mul ti vaI ent transition netal i ons and
carboxylic acid groups Particular coﬂﬁ&néﬁﬂﬁh&ibf fibnbie£s t foif Op Fethdralopner

o a0 wseor (8, EEVGROREROMT b URIREAR b RRRY Lo
substrate. FolSwat dpa¥ rt@ateﬁ‘BAPY dercivg® :pr essur e driven
-applications, the quanti4amfin-gitut Gobfédesbpolymer of vinylpyridine and

a monomer selected from divinyl benzene and
divinylpyridine,

- an in-situ formed polyvinylpyridine which is
20 subsequently cross-linked with an alkylating agent,

such as 1, 3-dibromo-propane,

- an in-situ copolymer of vinylbenzylchloride and

divinylbenzene into which the ion-exchange

functional groups are introduced by reaction with a
25 tertiary amine,

- an in-situ formed copolymer of -styrene and

divinylbenzene into which the ion-exchange

functional groups are introduced by sulfonation,

- an in-situ formed copolymer of acrylic acid or
30 methacrylic acid and divinylbenzene,

~ an in-situ formed copolymer of acrylic acid or

methacrylic acid and a diacrylate.

- an in-situ formed copolymer of acrylic acid or

methacrylic acid and tetra(ethyleneglycol)
3s diacrylate.
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7 pol ymer may vary from about 30 to about 200 wt % preferably
from about 45 to about 100 wt % of wei ght of t he pol yneric porous
substrate. For el ectrodialysis, di ffusion dialysis and Donnan

di al ysis appVoest®ths, the 5 quantity of 1n situ-formeRCPCAYIASI0May
vary from about 50 to about 250 wt % preferably fromabout 150 to
about 250 W % of pol ymeric porous subgtrate. The am ne
type nitrogen atons of incorporated pol ymers nmay be quaterni zed for
certain applications, 10n Kiddtugformgd qgpelvmeropf arn @-acoydapido 2with

hal | dos. ! p“a“““m*“@“’“‘°§§“@' 5 nL‘a‘s%mﬁth?L”?%‘fmp?LéLil%

al i des.

of the cross-1linked poﬁEé’%&J{ yﬁg gi;'yc%]?/@r 3@'@Fr PER 15 may be enpl oyed
i ncl ude: hcmp@w@ PotyRIPRUssey ot r polyathyllengr meithrangs)

a nmonomer sel ;q;ct edgﬁi@lin dia\(rblf\%b&g;nzqse tt'%ﬁdabout 100 wtadi Mynw%tglm
- an in-situ forme v1ny ri di ne_whi subsequen
cross-linked with 5 Pﬁéog en?ubv\,q"r'"“:e ot ? §ﬂchs-"a"su Powmerlzgd

1, 3-di br ono- propanginylpyrldine and whi¢h-ave grospol ymieed ofith about 0.25

vinyl benzyl chl ori decangbout 5 wts bfll WeljhbPerZenehe i #olal %Brﬁﬁ’ne st hey
i on- exchange f uncti onal grougts_i ‘ﬁle i.nt I‘Odlé% E é reaction wth
a 25 terti SFULRYIRRRZene  are” particulanly; useffl edncoBBREYRRFC of

styrene and 10 drlvendl vaher betreatmentt 0 i.ewi cheversee osmosiexchange

functional groups ﬂéﬁofﬂiﬁ%&%d b)bo%%bggﬂﬂé' Ofhe LpEoP rty fodNrkfle&ttu

[ored, SoPOLYIEr Of e Vbl et 15he 7Y presarente fo p Ao b o ente o
or met Bycrvanydingcithheardbgred anff ytl eamount of the -imnsitwsitu
formed copol ymer ofeoamiy! io19mbe Ynd_ the degree MBhiaybbettiedCict thénd
tetra(ethyl enesgl yeg r%ss-]!.slnking, i’lacrr}(en?brane may be modified to be
specific for specific applications. For
electrodialysis, diffusion dialysis and Donnan dialysis
applications, microporous polypropylene or polyethylene
membranes which have about 150 to about 250 wt% by
20 weight of polymeric porous. substrate of in situ
polymerized vinylpyridine and which are cross-linked
with about 15 to about 25 wt% by total weight of the
monomers by divinyl-benzene are particularly useful.
Ion rejection and use of charged membranes:
25 The charged membranes, comprising a non-ionic,
porous substrate having pores which are filled with a
cross-linked polyelectrolyte bound to or around the
structural elements of the substrate polymer, are
capable of rejecting both inorganic and organic ions:
30 from water at pressures as low as 345 kPa (50 psig), a
pressure which is within the range of tap water delivery
pressure. Such preferential rejection is seen at even
lower pressures down to 140 kPa (20 psig).
The rejection of salts containing monovalent
35  cations, for example, Na*, is substantially lower than
rejection of salts with multivalent cations, for
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8 - an in-situ fornmed copol yner of an 2-acrylam do 2-

nmet hyl - | - pr opane sul fonic acid and

tetra(ethyl eneglycol) diacrylate. M cr opor ous pol ypropyl ene or
pol.yet hyl enéW@8¥tiBZhes 5 which have about 45 to about PCTGBYWR0FIGY
wei ght of pol yneric porous substrate of in situ pelynerized

vi nyl pyridine and which are cross-linked with about 0.25 to about 5

wt % by wei ght of the total noponerg by di vi nyl benzene are

particul arly usef uP*piPeeddire C30- ~Ghpyeed Qkgatiic matsraahe, sych as
reverse o0snDSi S otganic awdksfli dhdatsalns,posarsssiare t hejeciyeer by t the
rej ect mul ti ti Lh t n K .cat | :

By varying the degionbepoff, JBL1e! BRERELANF MR:ER"HAlTnaes boRinte
and the degree andMorBFBI®FesSUAD 132 Sucrosee hage| ileKi £§)ectiens n’%hbg‘&‘he
may be nodifs ed mefbriges. -The ftAdiityCof thé memiperis§ itd function at
appl i cat I ons. sucﬁolhltl‘ca—l?w e%?&é&?x%sal%sd Sthec.lL'.l:lf f&i%t?.ﬂf:@ﬁ.gjeyﬁhﬁtm
Donnan di al ysi s applrcations,- mcroporousS pol ypropyl ene o

pol yet hyl ene ofnengrRATES igRECch dtdngbdghess50 the abmerbrE®swm 0EB9M 20
wei ght of = pol yneidofmepOidMSy avialibbdéenatfilitkatSbhlor reversRObyfiBsiged

Vv 800e end AREDRES, LRS! ke on, onga LErARAYLe 4 HRGHL: 7S

wt % by total weigh (RS _ ng ; ]
particul arly isef ulbressures and genggaldy eexhidritahdghseeigctdnmsged large

nmenbranes: - 25 non-16fic W3¢ mBREGEBEELS, conprising a non-ionic,
por ous substrate having I

pol yel ectrol yte bound tggg?r’ﬁsr g%h%q?%{éleafl | mg%gy?%%t'ﬁr aFPg er?g’%%z'%éﬁgﬁgd
substrate pol yner, mgrmbranes proyjdete hereigy eexhibithoamitaoryadiiféfanent
organic ions 30 debRRHBAEET 0Bl tRECSRAHIBS FS pMicdte3 4 ukParit?) HSkEle a
pressure W.hl C{ls 'S Vgoarﬁ!tgoghgsr%%% q'fo tﬁ?é)rmve\I‘rj‘atteer fj.l.etﬂ Vwith pure water as
feed on pressure. At low pressures, a 0% DVB cross-
linked grafted material has a permeate to pure water
flux which exceeds 1. This ratio decreases with
increasing pressure due either changes in the membrane
20 itself or concentration polarization. With a 1% cross-
linking, the ratio at low pressure is reduced somewhat
below 1 but is essentially pressure independent. With
4%' cross-linking, the membrane starts to behave much
more 1like a typical commercial thin-film composite
25 membrane.

The ability of the membranes provided herein to
effect wultra-low pressure ion-rejection has wide
application of use in water treatment technology to
soften water without removing most non-ionic organic

30 matter from water. Such applications may range from
domestic water softening operations to the removal of
calcium from tap water supplied to air conditioning
systems as well as to water softening applications
generally.

35 Existing commercial membranes used for water
softening are limited by an excessive and indiscriminate



pressure. Such preferential rejection is seen at even | ower

pressures down to 140 kPa (20 psig). The rejection of salts

cont ai ni ng nonoval ent 35 cations, for exanple, NaJerr], is substantially
~lower than rejection of salts wth nultivalent cations, for

WO 98/ 17377 WO 98/17377 PCT/ CA97/ O®TTICAS7/00770

9 exanple, My[err] , Ca[err]. Charged organic materials, such as

organi c acids and salts, also are rejected By the menbranes, while

relatively large non-ionic organic nol ecul es, such as sucrose, have

| ow rej ections by thidection nefibr ahds. diFhelwdd | i $peaifest hamentrlases i

function at p&yebc‘kliéﬂ%r ! @Eﬁ&r GieHr %‘iu%ﬂ@lme'dbmﬂbéité'chle}ﬁﬁrgﬁéé ern

of separations disti ngul sh menbr a ner ci al | y

avai | abl e nanofi | t FSPPBRCHHL r??f@?‘g e%sﬁ’&é‘?? [ou- preﬁéﬂﬁ? af@ot &EFEW’”“
function only effetembranesit avagheble 1Erompr Efbuffers and dgelnercal Systarhs bi t
hi gh rejections of oltﬁéﬂenanofllt'}‘alﬁlbﬁ%&nﬁagﬁy 9135!9*1 el‘féUéa%rﬁ?n developed

Unli ke comerci al ore-fi ranes provi ded
herein exhibit qui tsgeﬁgg’r‘?"’frﬁryentf“ reg?i‘é?)'end’éncérg?n’t%e naterdadf pEFoRat e
flux with a salt $Btersobenéxallys Hwed tariperderdvativesx, wexiiknit ea Wedwer as

feed on pressure. p8hol QW BEeSﬂHses iﬁcﬂJ@JBXB fil%.%\xll\)n ChThe lﬂe@éﬁﬂeﬁ&@éted

material has a perneate fo pure wat
This ratio decreRBEEALHRY h pressuresncuf853| ﬁ@mlﬁ?%irlé’ da¥adlahke clethges
in the nmenbrare 2@resstnse|r&amf:dmraembnamemanésararéamlgner Yhah Bhdde

Cross- [ i nkl t t what
below 1 but is esse%tg Pgil fl& %éraeégglf? Ee:llgﬁgepéle}% inb%gﬁé%e%rgggg
cross-linking, the menb sdon fDiarlbrshahave much more like a

typi cal comercial thinThél rechnpbsgies Zdbrreneinbramsloyed for treating
: waste acid streams generally involve neutralization and

15 solid waste disposal. The costs of such a disposal
routine are increasing rapidly and environmental
concerns and the value of recovering of a variety of
metal ions, for example, chromium, are strong incentives
for treatment of these waste streams.

20 - The charged membranes provided herein are useful in
diffusion dialysis of solutions containing mineral acids
and metal salts to separate the salts from the acids,
with the acids being transported through the membranes
at high rates while the salts are rejected by the

25 membranes. The degree of cross-linking employed in the
membranes used in diffusion dialysis is generally
- greater than for pressure driven processes. The

permeability of the membranes to protons is not much

affected by cross-linking, up to a certain level.

30 However, water permeability and metal ion permeability

are affected. The membranes are also suitable for

separating acids from neutral organic compounds under
diffusion dialysis conditions.

Diffusion dialysis with the charged membranes can

35 be used for the recovery of acid and stabilization of

electrolyte composition in a number of industrial



The ability of the nmenbranes provided herein to effect wultra-Ilow

pressure ion-rejection has wde application of use in water
treatment technology to soften water w thout renoving nost non-ionic
organic 30 matter from water. Such applications nay range from
donestic wat WO9@T¥2ni ng operations to the renoval of PCTCAIEHUT f r om
tap water supplied to air conditioning systens as well- as to water
sof teni ng applications generally. 351 Exi sting comerci al
menbranes used for water softening are limted by an excessive

and i ndi scri ni nat e Processes\\sygh12374n the almite process, in aluminum
PCT/ CA97/ 00770 capacitor etching, purification l&hd metall §jaQ&t ireBoférgl |
di ssol ved speci s ayd ddi-FekBous smePELdd Sl He iR, WMdlph Rk Dalidin of
conposi t e menbr anes, cCommer Ci al _exanpl es DEI Ng -1"ow pr es5UF é
nanofiltration elegbrplyhis gbahing| solvinns | amdctaeritmEnt doby spent.

5 %.herI Inan]?ﬁi | t rpﬁﬁk&:ﬂngﬁﬂblﬁﬂ%nymiﬁhsé@fﬁ_ | a??efbr@@\égéi?ﬂ@?of iron anclil
specifically for r 0 i C. i (O ., water, generally
humi ¢ acid derivat i VEEL of ?bf‘?aﬁ“’?%ﬁéa iof ?_5%9‘3%’5%‘?13110%1%%@}‘8@ﬂ%
cal cium The recofifdysdc acid ansehydraghlerdss@cdd.for comercial ly

available low 10 ElRicesschémivdlof iddd atre0at8@ Ty Ao @sssase anahenskhancEhose
found to be sufficiw—mﬁ%_—mm.
Di al ysis j’-%hg—-gec%ﬁﬁrmgﬂ—es currently enpl oyed for treating '
wast e aci d sti@ans genefhergednpghbraresit axei paedodnad wide vaviéty wafte

di sposal .  The cosflectrochémicalli gfPidlations iheUhdiy &l&ctidiagdsisy
rapidly and envir

variety of S ACE LS 310 U HAAS. BRRORR ENEYL SPRAEASAES ncBnKFYes
for treatnent of tlfessunastaf smemkranes for these applications are high
ion-exchange capacities, 1low water transport, 1low':
15 electrical resistance, and good selectivity in terms of -
the transport of ions of different charge type (cations
versus anions).
The charged membranes provided herein are useful in
the applications, - such as electrodialysis,
20 electrochemical processes, fuel cells and batteries. In -
particular, they have very high ion-exchange capacities,
exceeding 4 milli-equivalents per gram, and very low
electrical resistances. The measured resistances are -
independent of cross-linking degree at least for the
25 range of about 1 up to about 5 wt%, thereby allowing -
control over water permeability by using more highly
cross-linked polyelectrolytes within the pores. Such
membranes constitute a further aspect of the invention.
Pervaporation
30 Pervaporation is a process in which a liquid feed
solution is placed in contact with a membrane on the
other side of which is a vapor phase. Generally, the
vapor phase is held at a partial vacuum. Components in
the liquid phase are transported through the membrane,
35 evaporate on the vapor side of the membrane and are
subsequently condensed for recovery. Selectivity in




20 The charged nmenbranes provided herein are useful in

di ffusion dialysis of solutions containing mneral acids and net al
salts to separate the salts fromthe acids, with the acids being
transported t hrough the nmenbranes at high rates while the salts are
rej ected by wees13¥® nenbranes. The degree of cross-|i nkPEHCARTNOBIBed i n

t he menbranes used in diffusion dialysis is generally - greater
than for pressure driven processes. 12 The perneability of the
menbranes to protons is not much affected by cross-linking, up to a

certain level . 30Sepapaiiay ofwdher compavemts ikry thed feetalisi eahpeyerkaiy | ity
ar edaf;ect ed. : Trehaegbbgaﬁsm@{&a 86 5 Omérhd aife! Qna&:fe]?';ial_. ngelasaaatm
acids from neutral ,organit conpounds, ungder i ffusiq al ysi's

condi ti ons. 1s '91??]& d‘sslrégnlﬂi g‘i‘?/s&g‘avb gghyeatien é’ﬁeﬁbﬁﬁﬁmes can

35. be used for the rethweryemtiransisd prdvidedi | hepe¢ion afe wuseful in

el ectrol yte conpospbipipdiationUpketedied Hbinhakery high o0Er28h 1#Rfes
PCT1CA97/ 00770

géocesse%i SUCh_@_%I n the almte process, in,

al umi num cap8Pft BPOLIABXGELB0F 1 £ i RN SANARA 1R%d o4 £XRERLSerip

i n non-ferrous snekhengueikicadioni af, ethainll/waserostodams. el ectrolytic
etching solutions and treatnent of spent gxampreBi Ckling solutions in

secondary processing of _iron ﬁnd' ,gt'E'E'I‘,—aTTd i n purifjcation of
i ndustrial acids, such the 5, SPEFEELGci dEXARPISRIr octibfh ¢ afpdtow,
El ectrochem cal apdlyprtpylethe pr@Psses pulyethgdeneof (PE) michepgesus

menbranes 10 subSPALEEH JaEbY _Qaswgﬁgh UR &4 élf] égs{éga% \fBE:.leZ éal? t

el ectrochem cal applications i ncluding ectrodia Ciro ]ilsi S,
fuel cells and bat P&r2Re3sarGt%Hr M, A& KERickness of about 50 pm and a

porosity of ‘about 65 to 70 volume percent. Such
polypropylene ' substrates were made following the
15 procedure described in U.S. Patent No. 4,726,989
(Marozinski) while the polyethylene substrates were made
following the procedure described in U.S. Patent No.
4,539,265 (Shipman), the disclosures of such United
States patents being incorporated herein by reference.
20 Example 1: : !
This Example illustrates the preparation of
membranes.
The PP and PE substrates were subjected to in situ
polymerization of 4-vinylpyridine (4VP) with wvarying
25 amounts of divinylvenzene (DVB) to provide anion-
exchange membranes. Divinylbenzene of technical grade
containing 55% of a mixture of'monomers, was purchased
from Aldrich Chemical Company, St. Louis, MO and was
initially purified by vacuum distillation. All reagents
30 employed in the membrane preparations described herein
were purchased from Aldrich Chemical Company.
A. Thermally-initiated in situ polymerization:
In thermally-initiated in situ polymerization from
the vapor phase, the porous PP or PE substrate was
35 coated with benzoyl peroxide (BPO) by immersing it in an
acetone solution containing 1% BPO and 1% poly(vinyl



feature of menbranes for these applications are high | on- exchange

capacities, |low water transport, low 15 el ectrical resistance, and
good selectivity in terns of the transport of ions of different
charge type (cations ver sus ani ons). The charged nenbranes
provi ded herwQas/EB& useful in t he applications, PCEGAR0TI0,s

el ectrodialysis, 20 el ectrochem cal processes, fuel cells-and batteries.
In particul ar, they have very hi gh ion3exchange capacities,

exceeding 4 mlli-equival en r gram ., and very | ow el ectrlcal

resi stanges. The ﬁgﬁgﬁ'?%)d Si sf‘&ni‘:@s‘“’a‘?‘@:es and spbRsAueRnArying it in

cross-linking degreérat Thestodimd tdubst2bte wasigsusfenaldutindide & ogbdsmit 5

W % thereby all OWE:QQctor contABhiRl QP! 1¢8! o AE{TE30I L4 T )5 meUSbﬁg 4rore
hi ghly cross-|li yelec rol ytes Withih the por es.

menbr anes const i tuf’énﬁf?%?’t /D¥BeMixthrene Miksh Bt Pressure inside
Per vaporation5s 30 the reaé’mn/amm deieqn redueedrivelrss 10N muHige hthel rqan:tb:f eed

solution is placed EQ G4 %tréoacnmr e on Bh%our to t&% g.t‘e of

whi ch is. a vapor phase. ne al Iy, vapor phase i's held at” a
partial vacuum Coppdyeerizdtion. the | i qui d phase are transported
through the menbrane, g5 Pkﬁ%%ﬂ%@&?a@éhtﬂ? %%o@f&ﬁfataeﬁ menbrane and
are subsequently Lco densed . for cover ctivit i n

WO 98/ 17377 oto-:mltlate - in s:.t,gc-rp rG'G? eon from

12 sepaxoat i osobﬁtime, dﬂrq)(me:wus PR ©hePE esubstrazehwasedebyed witht he

proper choi ce of mggR g,fsfrmr@'@va anBELVEEOL 264 e penzothSoEhYE! ¥ehised, | 0

the final dehydration et h nbranes prov rein

are useful in 5 3SpBrPBPW a?ﬂlc‘}l’raﬁPBces% Wt ERAN §UREN KA 4G g'ﬁ%éeeawed

fl uxes and dood sEpsezE-thaw. chivde Gl birrebEcGtetiornsdngndiaght nof
wavelength 350 nm for 30 minutes.
15 . In each such procedure, unbound homopolymer was

removed from the membranes by extraction with bo:Ll:Lng
methanol until no further mass loss occurred.
C. Quaternization:
Quaternization of amine groups in the in situ
20 formed cross-linked polymer was effected by immersing
the membrane into a solution containing 5 to 10% by
volume of dimethyl sulfate in methanol at room
temperature for 16 to 24 hours followed by subseguent
thorough wash of the membrane with methanol and,
25 finally, with deionized water. In an alternative
procedure, the membrane was immersed into a solution
containing about 5 wt% of dimethylsulfate in N,N-
dimethyl-formamide at room temperature for 30 to 60
minutes followed by subsequent thorough wash of the
30 membrane with deionized water.
D. Cross-linking with 1, 3-dibromopropane:
Quaternization and cross-linking of amine groups in
the in situ formed cross-linked polymer was effected
with 1,3-dibromopropane carried out using a solution
35 that contained 0.05 mol of 1,3-dibromopropane per 1 mol
of pyridine nitrogen in the membrane dissolved in 100 to



the purification of ethanol/water streans.

EXAVPLES I n t he specific Exanpl es whi ch follow, 10
pol ypropylene (PP) or polyethylene (PE) m croporous substrat es
wer e used which had an average pore di aneter of about 0.2 [err]m a
t hi ckness ofwaB®IW750 [err] m and a porosity of ab®ar/CASB0700 70
vol ume percent. Such pol ypropyl ene substrates were nade
followwng the 15 procedure described i U S Patent No. 4,726,989
(Marozinski) while the pol yethyl ene substrates were nade foll ow ng

t he procedure descilbdedli fu etirmodnt NBhe membrare 588s2@3aceti pmardhe t he

di'scl osures of sucBholti&f and heatéﬁa&r?cﬁeno%ﬁﬂﬁﬁ B&E g ihBﬁEFForat ed herein
by reference. 20 Exanpl e 1: This Exanple 1llustrates the

preparation of neabr &F9$S-1inking with whe'phibremep-syBsieat es were
subj ect ed2t5 oinsitu Qn%atem!zwlzbhzad Qi}d&%\—/%iﬁkmé R 'aﬁii_ig\@ §#NRs Wird h
varyi ng amoupis 0 i vinyl venzene 0 provi, ani on-
exchange marrbr'r’anesgge DIt niﬁﬁtﬁ'eﬁ?gﬂ%gopoggﬁﬁ%i I‘i’ﬁ% gﬁéae carried Ot Hiithg
55% of a m'xture of,abrndilerano-pagypemehaseédg a solutricm Attt cbofbebaehl
Company, St. Louis and was _ .. initially. pugified cuu
distillation. All Pé%/g%n?fsj % dlBﬁ%‘f‘%y%d“‘ilﬁ“Fhég mﬁf %\‘%ﬁa’?aﬂ ot
described herein ratic were,@t+ditrab-prapléher t6hpEhedina! nforgyuy . in

A. Thermally-initiagted in situ_ pol rization: n ,

thermal | y-initiat egﬁan?‘qﬁ?“Sof" ﬁegi %t]fz‘on T?‘reoWFmbrane 'ﬁ?epéaﬁsﬁ bhade the
porous PP or IE subeluwtien ems hggted curdend neiff.bxbfow dhd hparsxi de (BPO) by

imersing it in angxample ACetone solution containing 1% BPO and 1%

E%'T}’&ggﬂ)o??o is 3E?:Zample shows the watpy softening capability

of the membran_es prepared as described in Example 1, in-
comparison to known membranes, as described by Fu et
15 al., Journal AWWA, 86, 55 to 72 (1994).

A. Cpmercialiy—available membranes:

Four comercially—available thin-film composite
membranes were tested £for their ability to reject
organic and inbrganic components. Table I provides the-

20 chemical and physical characteristics of the membranes’
while Table II provides the performance data.



acetate) for 5 to 10 m nutes and subsequent drying it

coated substrate was suspended inside a gl ass

its bottom2 to 3 nL of a
pressure inside 5
react or
pol ymeri zati on.

t he reactor

in
react or

vi nyl pyri di ne/ DVB m xt ure.

In photo-initiated in situ polynerization frmmm 10

PP or
of benzoin ethyl
degassed

et her

PE substrate was wetted with
as a photo-
in a freeze-thaw cycle and TAMHﬁiated using light of

vi nyl pyri di ne,

initiator.

had been reduced bel ow 10 nmHg,
WOBA7XTeated to 80[err]C for half an hour to effiCTIAITITTO
- B. Photo-initiated in situ pol yneri zati on:
sol ution,

air.
cont ai ni ng
After the
t he

The

on

t he porous
DVB and 1 to 1.5%

The wetted substrate was

wavel ength 350 nmfor 30 mnutes. e £ oSidGdte SN Procedure,
unbound honopol yner was reane f%%*?%ﬁml memn raﬁg by extraction with
boi | i ng met hanol until no furthewmﬂﬂgﬁmpﬁgﬁmﬁtcurred C.
Quat erni zati on: ernl z ) an] i slntneln ST qu
20 formed cross- Pﬁ?@ﬂmpoly f: éﬂ%ﬁﬁgi F@%ﬁ%h ﬂ?
menbrane into a so ution contfaining 5 t y 0 un‘gﬁﬁ? t
sul fate in nethano el ——tefpprattte fcr‘%gk?§ 24 3 med
by subsequent NF'iohorough modified of t 483 Wbr and 3A2h net hhools @R, |25
finally, wth defonized wqt ¢cIn @an alterndtive procedure,| the
menbrane was i merged into a on cont aiini ng about! 5 wt 9% of |
di net hyl sul fat e i n|f Ifpd¢® mbdiwed hyl - | es2@oyi de dt2sspm t enpeodioop fqr 30
to 60 m nut e§ fol |l owed |byomstitbsequent thoroudh wash of fhe 30
menbrane with dei ofii zed wat er|.polyamide D. Crogs-linking Wth
1, 3- di br onmopr opane| nrr7450% sutidAt € N dglda9n and s-T1nk 03 amjne
groups in the in situ fRramd cro;si-lt(l g)rlzed poﬂ r was é@éd 2d
Wi th 1, 3-di bronopr §pane carri|agifoaeit usi pg a sol utijon 35 t hat cont ai ffed
0.05 nol of 1, 3-di opa er__L 110 f T oTTTe lIlIU UIII1 t he
menbr ane di ssol ved W@‘g’ “sfonated 986 (143) 456 292) 0.185
polyether
suifone

1) FilmTec, Minnéapolis. Minn,

() Fluid Systems, San Diego, CA.

A3 NittoDenkofromHydrax_mutics. San Diego, CA.

- TABLEII
Rejection (%) of organics and inorganics by TFC nanofiltration membranes

Membrane Color TOC Conductivity | Alkalinity Calcium

NF70 >97.5 94 90 93 98.5

TFCS >97.5 96 92 94 98.5

NTR7450 >91.5 93 30 32 35.0

NTR7410 97.0 86 10 5 N/A
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14 150 nL of met hanol . The nmenbrane was placed in the

solution and heated under reflux for 70 hours. E. Cross-linking
with a, a' -di brono-p-xyl ene: Quat erni zati on and cross-|inking of
ani ne groupsSWPAZY  the in situ-fornmed pol yner was al so BETICASHOOF: with
a, aferr]-dibrono-p-xylene using a solution that contained - 0.5 g of
a,a[err]-dibronD-p-xerne in 80 nL of netharld . The rati o of

a, a' -di brono- p-xyl ene t pyr ine nitrogen in the nenbrane was 5 to
1. The menbrane was pIa ?ﬁhqﬁ§eslﬁf g§?WRﬁq($i and heated under refl ux
for 16 hours. Exawple B membrane preﬁhtedEkan@éscnﬂMm&s1thxamp£E 1
softening capabi ity che phobb-Le: SN 39R%Ph ORI fibATATSE Hasdelice

Example 1, in arison to known ne escr
15 al., Journal RﬁﬁAtggBedS ¥olf2‘F4§§4f°ftenlng abil iky on antréated

Conmer i al | y- avab| &lapewatebraltes or in combinatdon wmahewfgaﬂﬂqymateriahée
thin-filmconpositae a 1gRTBEANESAWGY fiehesked dor cbheiboalidiily ! apggl ect

organi ¢ and i norganic onents. Tab] e prOV|des and
physi cal characterF@FPEgn f Ha%e ﬁedﬁﬁ%ﬁﬂ??PYlene Rafiq ememprang | 15 ofides
the performance datpalymerized \WOt®8/ 143vihylpyridine containing 1.2%

PCT/ CA97/ 00770 divinylbenzene. This membrane was subsequenéf&-
10 quaternized by treatment with dimethyl sulphate as
described in Example 1. The results obtained for-

individual runs of approximately 24 hours, which were:
reproducible over long term testing, are set forth in’
the following Table III:



TABLE |
conposite (TFQ
nmenbr anes

Menbr ane
Flux at Rated Perneability

Characteristics of thin-film
nanofiltration

Mat eri al

Rat ed Operating

Pressure kPawossm®ggure L/ nferr]h L/mferr]h kPa PCT/CA97/00770
(gpd/sq ft (psig) (gpd/sq ft) (gpd/sq ftpsig)
NF70[ err] nodi fi ed 483 (70) 37 (22) 0.118
(0.48) _ arongj4
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(292) 0.185} (0] 29 | = | - | pol yet her |
sul f one (1) 8| F h¥dc, |M hndap@l i s, M nn. (2)
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16 B. Menbranes of Exanple 1: (a) A nmenbrane
prepared as described in Exanple 1 by the photo-initiated in-situ
pol yneri zati on procedure was tested for its water softening ability
on untreat edWO9BABTT ap water al one or in conbination with FCEOATATEX eri al s
at a flux of 2.52 L/n2h at 345 kPa (50 psig). The Renbrane was a
pol ypr opyl ene base nenbrane in situ pofligneri zed wth

4-vinyl pyri di ne cont ai ni ng 1. 2% di vi nyl benzene. Thi s
menbrane was  subsegBentmay be 1gegquatéran zddebe tdats.nerthewi thadgeadt hyl

sul phate as m@ﬁﬁ@éh@@deffact&xawakzer Jsoftzhﬁngr%%l:tes tHH akBRGve f OT
i ndi vi dual runs of aﬁgrOX|na eI roduci bl e

over |ong term tesffng *ard Pﬁvﬁﬁeht 1°nst§ﬁa?(ﬂHQEMlﬁﬁg?gbﬁﬁt???
WD 98/ 173777 than sodlum ions. The results alBgT/ §ASGW/ @MEEO the

17 5 meRbkanes are able to remove charged organics (acetate).
Operation at 50 psig permits the membranes to be
driven directly from a municipal water supply, with no
pretreatment and with no additional pressurization being
required and at pressures significantly lower than the
10 commercially-available membranes shown in Table 1 and 2.
(b} Two different membranes prepared as described
in Example 1 by the thermally-initiated vapor phase in
situ polymerization (Membrane A) and the photochemical
in situ polymerization method (Membrane B) were tested
15 for their water-softening ability on untreated tap
water. Membrane A was a polypropylene membrane in situ
polymerized with 4-vinylpyridine containing 1.1 wt% of
divinylbenzene. This membrane was subsequently
quaternized by treatment with dimethyl sulphate as
20 described in Example 1. Membrane B was a polypropylene
membrane in -situ polymerized with 4-vinylpyridine
containing 1.2 wt%$ divinylbenzene. This membrane was
subsequently quaternized by treatment with dimethyl
sulphate as described in Example 1 (same membrane as

25 Example 2(B) (a)).
The results are set forth in the following Table

Iv:
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18 As may be seen fromthese data,
effected water softening since they renove cal cium and ot her bival ent
ions to a much | arger extent than sodium ions. The results also
show that WQ@8MPTE nenbranes are able to renove charged BEHEAIHHTIO
(acetate). Qperation at 50 psig permts the nenbranes to be
driven directly froma nunicipal water supplyl9with no pr et r eat ment
and with no additional pressurization being requi red and at pressures
significantly | ower than the 10 conmer cTABUEIVavai | abl e nmenbranes shown in

PCT/ CA97/ 00770
t he charged menbr anes

Table 1 and 2. (b) Two different nenbranes prepared as
descri bed i ny Guzee] heroplly. ot
.Siﬂt u pol yrrf_ri zat i LtmglM(erl\;E;rng M)eé?ad tNeibRkR A gchemﬁf ”; N v
pol yneri zati on netgho ran Wer L. e for iro .
wat er-softening alility on uwtﬁgated %g&f;z%_)z vval';?iqq@ q}aranézcjﬁm?f\}a%é a
pol ypr opyl ene nentfrane in sifu P#)z gd R
containing 1.1 wt 9ot vy Hbenzene: Thrs—menbn
subsequent |y ‘ YR er ni zpd tlreat Mft wi tlh di M@thyl sul phdt6 as | 20
descri bed i n Exany .. _IVETTDI a ?45 S g oTypr OpyTEne TTETOTarme—] n
situ pol ymerized Wit# 4 %i ny p? *dijne 1 contai nittd 1.2 8
-?Ir\é:atn)r/rlalrolten\fm'etnﬁ- di %’;Hrre“ rmra1e§§$;hate a@iggggri bed P Exa
menbr ane as 25 [Ex e Z2(B) ). The TESUlts jare Torgh in
t he foll ow ng Tabl rbe | V: s 68.5 i i
Sulphate 134 89.6 56.0 >99.5
Flux (L/nrh) 5.76 2.12 252
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PCT/ CA97/ 00770 19
TABLE 1V | on Feed Menbrane A Menbr ane
A ) Menbrane B . ppm Rej ection %

Rej ecti on % WO%%/MRE] ecti on % PCT/CAI7/0072M5 KkPa
(50 psi) 140 kPa (20 psi) 345 kPa (50 psi) Sedi um
23.3 45.9 12. 7 20 63. 6
Magnesi um 22. 4 82.1 61. 6 90. 8
Cal ci um 85.5 These reswdgsishow that substaptiyal water softeni8g4
gh: OLi ;:Ie 4%§84achieved atggecghventional tap Pressures and tha;:ggag

u ate , : \ . . O,
= UE (L/nferr]h) pressure as loy as 20 psi still, previded substan‘?:!.%%
WD 98/ 17377 water softening. PCT/ CA97/ 00770
20 These results show that substantial water softening IS
achi eved at conventjonal tap pressures and that a pressure as | ow as
20 psi still provigﬁﬂﬂggﬁsfantial wat er sof t eni ng.

This Example illustrates the flux and rejection of
cations from tap water using membranes prepared as
described in Example 1.

10 Several different membranes, prepared following
both the thermally-initiated and photoinitiated in situ
polymerization procedures of Example 1, were tested for
their flux and the ability to reject cations from tap
water under a pressure of 345 kPa (50 psi). The results

15 obtained are summarized in the following Table V:



5 Exampl e 3 This Exanple illustrates the flux and

rejection of cations fromtap water using nenbranes prepared as
described in Exanple 1. 10 Several different nenbranes, prepared
fol |l ow ng both the thermally-initiated and photoinitiated in situ
pol yneri-zat i WO HAETedures of Exanple 1, were tested for PCT/GARE0UTTE | ux
and the ability to reject cations fromtap wat er under -a pressure of
345 kPa (50 psi). The results 15 obtained are summari zed in the
foll owi ng Table V: WO 98/ 17377
PCT/ CA97100770 [err] 21 21
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22 As may be seen fromthe results set forth in the above

Tabl e V, nmenbranes produced by photoinitiated pol yneri zation exhibit
several characteristics. By conparing experinents 3 and 4, it can
be seen that the 5 flux decreases with mass gain. Flux al so decreases
with iWOP¥EBIThg | evel s of cross-1inking nononer ( expePCRIGASHNZT0

and 5). The separation |level generally increases with ~i ncreasi ng

| evel s of cross-1linking nononmer. A trade-off22 exi sts anong quantity of
in situ-formed polyner, cross- 10 i nking, flux and separation. The

pol yet hyl ene substrate As maypbedgeen Ifrembtheeseswitsh sdti gfmrth firuxese
than the POLYEYEPYIaI® SUPSinehbRahas t;n%o%@a |§9'e|ph3fto§ﬂ§?§§ated

I i nki d had hi gh
El(grrlplng a?urtﬁera #?g}ﬁ%)ﬁaﬁa}& g:‘\thSXI"‘T‘}PJu‘i( sft’(&ng& Ch‘?%"’}‘?ﬁrllﬁﬁlﬁ cat iBhs

fromtap water usi sgmpanincmxperimentpr @pandd4asiteseani bedséen Bxizatpl thel at

a higher crossy flux'déﬂ‘&é&e@n%&ﬁv‘ﬁésé 'H‘aQ.E':Por?ihQnais%/QJe%rle s@%’ H-SOn
to Exarrple 3. repared generally ow ng

S
t he phot oi ni H‘SF%%S*W éﬁvﬁlﬁoggn‘élf‘?szsa\% 15K1ipB oF (?F‘Perlmen@(a"hp
1 to provide a pol padh$) ene Thiec separatisomehéwainayenerallyPEpcheasesy with

i ncor poration of 5§r{%§9$é(:(rf’g we%hs of croéy-rlllﬂ'k'ﬂﬁ# m&ﬁ&r?eg‘bl ' akeﬁadéméff 4%

di vi nybenzene and rane

prepared by a pﬁﬁf‘ﬁﬁﬁe%{“&ﬁ quantltgr aft r"ﬁgsf'éﬁc?ﬂﬁ"leﬁ'gﬁ’%ﬁ’%édu?@%l ng
2, 2- di met hoxyx®- linkipderfllvac @ndpheparstias.i Thei pbbyethifl@neostibst tatge

sol ut i on in pggguc&ﬁ]ot ﬁgﬁ@iéﬁ{g 3@&1 Vh&)ﬁkgyl’l @1ﬂ§es"“ tha 4%hh§0

di vi nyl benzene as ﬁross- i nker te W t W th

ratio of vinylpyri BP EPEPRY IRNS e %?r |Sé¥“ﬁe J«ﬁé(§180>fzo°rq%-'
presence of the pydidkieg|aatihad a hn.glmezamassplgasind uniformty in

I ncorporation. The was quat er ni zed by treat ment with
dimethyl sulfate i EREiple i met hyl f or mam de, [ a better solvent
f or nuctieophi lic 'E’Elb%t iBXAMPdR r EREEhehs ’-tlﬂaﬁtﬁﬁ%‘ancﬂheanélux and

rejection of cations from tap water using membranes:
prepared as described in Example 1 at a higher cross---
linking and lower incorporation levels in comparison to
Example 3. ' '
20 A membrane was prepared generally following the
'photoinitiated' in situ polymerization procedure of.
Example 1 to provide a polyethylene microporous membrane’
(PE) having a incorporation of 58% poly(4-vinyl-
pyridine) cross-linked with 4% divinybenzene and

25 quaternized.

The membrane was prepared by a photochemical
grafting (anchoring) procedure using 2,2-dimethoxy-2--
phenylacetophenone as initiator. The contacting solution
in the photografting was vinylpyridine with 4%

30 divinylbenzene as a cross-linker diluted with pyridine,
with the ratio of vinylpyridine/divinylbenzene to
pyridine was 80:20. The presence of the pyridine leads
to an improved uniformity in incorporation. The membrane
was quaternized by treatment with dimethyl sulfate in

35 dimethylformamide, which 1is a better solvent for
nucleophilic substitution reactions than methanol and
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23 allows not only to reduce the reaction tine to | ess than

an hour but also makes the reaction | ess sensitive to impurities,
such as noi sture. Tests were conducted using this nenbrane at
500 kPa 5 WOPTH psig) and converted to a tenperature @ECTAROTOGTH
flux and the ability to reject cations fromtap water -and to reject
sucrose from aqueous solution thereof. The 23 menbr ane was cl eaned by
treatment with aqueous HC (0.01M after tap water tests and after

sucrose tests, 10 allgWischofeanlf & trdupe ol theastapnt himereithrless thakheir
original values. Tha 'RidY afe VElsdlmakdsetiRd ac4dn less skB8itHPe PEHO)

and 100 kPa (145 psi .tap ter. The results obtained at 500 kPa
(72.5 psig) are outllnggr?é:gp’ll%g’ Stich 45hBof SR ng Table VIA: WO
98/ 17377 Tests were conducted using this membrane at 500 kPa

PCT/ CA97/ 00770g (72.5 psig) and converted to a temperature of %%%: for.
TABLE VI A ee , FI ux eparation  Separation
Separ at i on Separeﬁ¥q¥1and the ability to reject cations from tap water

and to reject sucrose from aqueous solution thereof. The
membrane was cleaned by treatment with aqueous HCl
(0.01M) ‘after tap water tests and after sucrose tests,:

10 which restored the properties of the membrane to their
original values. The membrane was also tested at 345
kPa (50 psig) and 100 kPa (145 psig) on tap water. The
results obtained at 500 kPa (72.5 psig) are outlined in
the following Table VIA:



si g)
i 9)

(kg/ merr]/h) Na[err] (% My[err] Calerr] Sucr ose
De-ioni zed Water 41 - 54 ppm Nad
62 109ppnNaCl 52 43 -
TapWat er 46 26 36 36
60 ppm NaCl WO@817377 41 49 PCT/CA97/00770 12
547 ppm sucrose De-ioni zed Water 43 -
- 126 ppm Nadl 43 24 41 -
The results obtained at 345 kPa (50 psig) and 100 kPa
(14.5 psig) are set forth in the foll oWABREYRDI e VIB:
TABLE VI B Pressure Fl ux Separation
Separation  Separail-an (glnlerr]/h)
Na[err] (% MoFed 1 | Fux  (afekridoh 1) Separationv\J) Separgies W&plt
36 26 39 . 1Q0:kP4( 14. 5
12 9 so] @ | NBh |y b ofFTod S
PCT/ CA97/ 00770 De-ionized Water a1 i Z5 - i
54 ppm NaCl 48 62 - - -
lO9ppmNaCl 52 43 - - -
Tap Water 46 26 36 36 -
60 ppm NaCl plus 41 49 - - 12
547 ppm sucrose
De-ionized Water 43 - - - -
126 ppm NaCl 43 41 - - -
The results obtained at 345 kPa (50 psig) and 100 kPa

(14.5 psig) are set forth in the following Table VIB:

TABLE VIB
Pressure Flux Separation Separation Separation
(kg/m*/h) Na* (%) Mgt Ca** (%)
345 kPa (50 psig) 36 26 38 37
100 kPa (14.5 psig) 12 9 30 28




As may be seen fromthe data presented in Tables VIA and VIB, using a

m cr opor ous pol yet hyl ene substrat e, the flux of the nmenbrane has been
i ncreased in conparison to the results shown in Table V in Exanple 3.
5 This result has been achieved by increasing the degree of
cross-|inki NYOOYUITEd Wi th a decrease in the anopunt BCTICASHIOTHY
contained within the pores. As conpared to the results in Table
V, there is sonme | oss in separation wgsh may be restored by 10

i ncreasing the | oading, at the expense of flux. Wile fouling of the

nmenbrane occurred durinstingycber seenf from théhdaeappresemte memmmr anes

were restored to t{ehrand v1s,! Wling! o REICAIITRAGE Yol Yehyiend SUFBLELCA | Ut ©

aci d wash. A? E seén fronl teste rane 15
gave a very | ow sepBfat JJH" foEucthR e, meHANE St hbeen m‘aﬁ?%s%q’lovﬁff‘l n
Table-111. This restompacisdnr &t £hei tésilies shown ﬁ.as‘nibbe abtiai Brampheled. t he
same conditions USTH@ 1t LYPI 5 lal -Ll t ne
(Csnoni cs n ﬁ%?%ne as %er% %or Lv(éld bﬁ o%llﬂgﬁ% ﬂ%:b?g&%%
VO 98/ 17377 of Ccross- llnklng coupled w1th a decrease in the amount
PCT/ CA97/ 00770 of material contained within the pores. 26
TABLE V.l ! n Efg&' to the reglﬂés in ngp'_grq,t ! Yhere is
Separati on Separatlon e

(kg/ n{err]/h) N§P@Pr]1?§5 1n sepag@ﬁkgq] which @gqeﬂhq restored by
Sucr ose 10 inPeeaoing ethaioding, a89the expense of flux. While

fouling of the membrane occurred during the course of

the experiments, the membranes were restored to their
initial performance values by a simple dilute acid wash.

' As may be seen from Table VIA, the tested membrane

15 gave a very low separation of sucrose, confirming the
data shown in Table-III. This result contrasts with the
results obtained under the same conditions using a
typical _commercial' nano-filtration membrane (Osmonics

" BQO1 membrane), as set forth in the following Table VII:



54 ppm Nad 46 83 109 ppm Nad 48

68 - - Tap Water 19
27 31 - 60 ppm NaCl pl us 31 51
- - 61 547 ppm sucr ose -
De-i oni zed \\{P&7377 23 - PCT/CA97/00770

126 ppm NadCl 27 28 - - -

WD 98/ 17377 26 PCT/ CA97/ 00770

27 As may be seen fromthe data in Table VII, a steady

decline in flux occurred during the experinents, which was not
restored by the cleaning cycle. As al so seen, this comercia

menbrane had a hi gh separation of 5

sucrose in contrast to the results

in Tabl e VI, although in other respects the results are conparabl e.
A further conparispn wa de upnoel.tNE cane TOCeoD CONPLLT ONSgwW th
a Hydranautics nan)filtﬁh i on Flux prd@%??%b n@ﬁﬁ?@ﬁe ??ﬂ@@? L AR
results are set fofth 10 in |&emil| oNeH&) Tedbl gl | If:  cgav Sucrose
TABLE VI 11 Feed = WY Sey | t1on
Separ ati on Separ a} Poionized Water 39 - (Kg/nf-err]f/ h) - Na[prr]-(%
My[err] Cal e 3
54 ppm NaCl 46 83 - - -
109 ppm NaCl 438 68 - - -
Tap Water 3 19 27 31 -
60 ppm NaCl pius 31 51 - - 61
547 ppm sucrose
De-ionized Water 28 - - - -
126 ppm NaCl 27 28 - - .
|




De-ioni zed Water 14 - - 54 ppm Nad 14

86 109 ppm Nad 14 77 - - Tap
Wat er 14 33 65 68 - 60 ppm NaCl pl us
15 72 - 97 547 ppm sucr ose

De- i oni zed \MO@M"-"WG - 126 ppm Nad 15 PCT/CAYHWTIO

WD 98/ 17377 PCT/ CA97/ 00740

28 As may be seen fromthe data 2n Table VIII, this

menbrane exhi bits higher separation than achieved in Tabl e VI A but at

a substantially |ower fRsxmay be seep from the glatasiorDeteles M1dL, aki steady
marked contrast todkR®ineSin EESK! Bécﬁgre-@tﬂlfrl\élgﬂ‘ the leﬁzg@?@h&h 9, witdieh

t he fl ux remai ned const ant hrou hou e “exper.i nments ere was
a | oss of separati 8 of‘°§\la st@red vk Snﬂiﬁ? cle. Asyplse BRY bg ot
restore the separaseen, this commercAslnmagmbearsedrad rohiighe sdphaapiasent ed

inthis 10 £xangherosé ey m&ﬁgﬁsto UgRd re's‘&llﬂg(:?ﬁ dance Wil hafl_.l{'.n@ugh

i nvention exhibiteqd rruc better I t erm st abi han
comercial  nenbr dReSther JRARGCk EI he jresulfs pzp °°mpara£13‘ar ations and
quite di fferent behaki ofmrthem t comparisanicwase/ sadlé mindeir eshe 1Same

Exanple 5 process conditions with a Hydranautics nanofiltration
prototype membrane (7450) and the results are set forth
10 in the following Table VIII: '

TABLE VIl
Feed Flux Separation Separation Separation | Separation
(kg/m?/h) | Na* (%) Mg?* catt Sucrose
De-ionized Water 14 - i - - -
54 ppm NaCl 14 86 - - -
109 ppm NaCl 14 77 - - -
Tap Water 14 33 65 68 -
60 ppm NaCl plus 15 72 - - 97
547 ppm sucrose
De-ionized Water 16 - - - -
126 ppm NaCl 15 58 - - -




This Exanple illustrates the use of the nenbranes for diffusion

di al ysi s. A nmenbrane prepared as described in Exanple 1
conprising a polypropyl ene substrate having poly(4- 20 vi nyl pyri di ne)
(P4VP) and 3. 3% DVB copol ynerized in the pores thereof, was tested
for diffusi OWOSBATNEI s of hydrochl ori c acid and sodi (remASTeG7de i n
conparison to a commerci al l y-avail able diffusion di al ysis

menbr ane Sel em on DSV or AMV. 25 2g The results appear in the
foll owi ng Table I X TABLE | X

Mebrane Concentr. Con&snmay Bermeahiwkbm,tue data in Table VIII,OEhfzid
of” Salt  nol/(nfer ARSI YA RWAT | . . /L
ol /¢ g B rolR' ‘cxbiotegl Hilghierl Higplaration thag, achiqred™
0.025 44 TahleaWfa but ateyagpkstantially loweg dHux. 14RQvery

1.4 10 30 high. sUEkG&HZrkﬁbération is marked contrast to the

PCT/ CA97/ 00770 v on DSV
is a comrerci a?l y g:veaslullagl e d| Bléelo IA. IH. aﬁd%%'tmﬁénﬁ'rhe]fr?g 1%ﬁée 6t he

few on the market. H&&adgRd C°n5t%‘}‘é£*}13?ul§é°§‘éeﬁh¢reﬁPel%?meéltISX thpse was
permeability for the loss offeseparesigm ovfdavhdlereith i cimeahhy kléafifers

of 5 nagnltudefééhggrdigaﬁﬁgtygs 3% t@ﬁe[$§éa quane The

selectivity is poo menbra
s may be seen from the data presented in this
10 Example, the membranes used in accordance with the

invention exhibited much better long term stability than
the commercial membranes, comparable or better
separations and quite different behaviour with
sucrose/salt mixtures.

15 Example 5

' This Example illustrates the use of the membranes
for diffusion dialysis.

A membrane prepared as described in Example 1

comprising a polypropylene  substrate having poly(4-

20 vinylpyridine) (P4VP) and 3.3% DVB copolymerized in the
pores thereof, was tested for diffusion dialysis of
hydrochloric acid and sodium chloride in comparison to a
commercially-available diffusion dialysis membrane -
Selemion DSV or AMV. '

25 The results appear in the following Table IX:
TABLE
Membrane Concentr. Concentr. Permeability, U,
of Acid of Salt mol/(m’h (mol/L)) Una/Unia
mol/L mol/L
' HCl NaC}

Selemion DSV 0.1 0.05 1.1 0.025 4

or AMV

Example 1 0.1 0.05 14.0 14 10

30



provi ded herein. Exanpl e 6 This Exanple illustrates the

ef fect of changing the 10 degree of cross linking introduced in the in
situ pol ynmeri zation as well as post-polynerization cross-

i nking with 1, 3-di bronopropane on diffusion dialysis. Menbr anes
wer e prepar SN0 Exanpl e 1. The menbr ane | i st e@CUCANEITGANe D
in the followng Table X 15 was the sane as Menbrane C exeept for a

post - pol ymeri zation treatnment with 1,4 di bronopropane. Bot h
menbranes C and D had a pol ypropyl ene substrate with P4VP and 0.3 %

DVB in situ copol yneri zgzlemionh®Spolissa commetdiarldgf ava%ﬁbl@%ﬁfﬁlﬁnﬂi F

had 1.1% and 2.2% I [

E and F were teste(&j)yiﬁﬁl%sﬁlembgagg sclﬁ% dggape few or% ﬁ:hlﬂel E’r ogﬁggrl c aC| d and
sodi um chl or Fieasly e Is&ﬁncélrf’?“ néhbr%@e@eﬁﬁlbfe)hofqr the
provi ded herei n wememlsxanzar egroirided he:al@iﬁermsal hearly 23.avaptddts of

Sel o on AW TEDr @R6scot® S B ANAT of ehe by GhabBEhd. | N 1"

foll owi ng Table X:
PCT/ CA97/ 00770 selectivity is poorer by a factor of 4 for the memigmne

TABLE X providéirieaatn. Concentr. Concentr.

Pernmeability, U, 1 of Acid of Salt _
mo|/(n{err]h(no|/%‘—?ﬂp—e—t9[err]/U[errJ]_ mol /L
mol / L This Example illustrates the effect of chamgring the
Nadl 1dSeHegiem AV cross 1llnRing intrddued in the4 3n situ

0. 07 61

polymerization as well as post-polymerization cross- -
linking with 1,3-dibromopropane on diffusion dialysis.
‘Membranes were prepared as in Example 1. The
membrane listed as Membrane D in the following Table X
15 was the same as Membrane C except for a post-
polymerization treatment with 1,3-dibromopropane. Both
membranes C and D had a polypropylene substrate with
P4VP and 0.3 % DVB in situ copolymerized in the pores
thereof. Membranes E and F had 1.1% and 2.2% DVB cross- -
20 linking. : , : g
The membranes C, D, E and F were tested for
diffusion dialysis with hydrochloric acid and sodium .
chloride in a flow cell. The membranes C, D. E and F
provided herein were compared with the commercially
25 available Selemion AMV membrane. The results obtained
are set forth in the following Table X:



Menbrane C 1.0 0.5 58 14 4
Menbrane D 1.0 0.5 104 13 8
Menbrane E 1.0 0.5 60 7 9
Menbr ane P 1.0 0.5 80 8 10
WO 98/ 17377 WO 98/17377 PCT/ CA97/ O®TTAA97/00770

31 The data shown in Table X show that increased-
cross-linking (up to 2.2% of cross-linker) wgh DVB gi ves nmenbr anes
wi th higher acid perneabilities with i ncreased selectivity. The
additional cross-Iinking 5w t h di br oaBpE®pane further inproves the
menbr ane perfornance. X an -, e 7 Thi s Exanpl e
illustrates the hmrﬁmm centraty osq- 1 nker ¢n
selectivity and wajer eromgg)l i tdfsw li ffus kﬁ%&&ﬁl S r(ﬁﬁwgr_ of
aci d. z r emgMLEPRr edolgengral | y according tjo the
procedure of Exanp $ & solution qiy4- Neci V! Nyl pyri di ge
and varyi ng anount -y i

2, 2- di met hoxy- 2- phijp8ejemips MY 3 as 0.hotoi d3iatpr 00715 |i nt &1t he

pol ypr opyl ene subs ‘!"Ead frragating g 3 PO 58 hm Tor agprox} mat @l y
one hour. fodm S H-E R S5 e SR was—per For e d—HS g3
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33 WOBMRE results set forth in Table XI show t haPCTGa97/00770
menbrane selectivity is enhanced and water perneability - reduced by
substantial increases in the degree of 31 crosslinking. The menbranes
out performed the comerci al 5 menbr ane, Sel em on DSV. Exampl e 8

This Exanpl e provides tThe néabt arfdoxnecini dable X sheesithiaancinefeassd ain
of  the menbranes pegodsladnk@ngi Nup to 2.2% ofN@reksciihked) PHOERT tpvas - of

ety anes <Pl el phbHLL St F RSRRE T pER 1 S,
t hose of two commeir¢esasesk i selegiivitiyvon eX@ieangdditional nerbssmbinking
respectively Selgmpgh CMYis¥thod¥pane further improves the membrane
performance.
Example 7 _
This Example illustrates the effect of the
concentration of cross-linker on selectivity and water -
10 permeability in diffusion dialysis recovery of acid.
Membranes were prepared generally according to the
procedure of Example 1 by absorbing a solution of 4- -
vinylpyridine and varying amount of divinylbenzene with
2,2-dimethoxy-2-phenylacetophenone as photoinitiator
15 into the polypropylene substrate and irradiating at 350
nm for approximately one hour.
Diffisuion dialysis testing was performed using a
stirred cell with a feed solution consisting of 1 M HC1,
0.5 M NaCl and 0.5 M MgCl, and a permeate cell initially *
20 containing deionized water.
The results obtained are set forth in the following
Table XI:



X

15
PCT/ CA97/ 00770

The results are contained in the follow ng Table
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oper ati ons. Transference nunbers (t+ and t-) of the nenbrane
havi ng 4. 5% DVB cross-linked therein are conpared with 15 the Sel eni on

AW in the follow ng Table XII1I: TABLE Xl I1
4. 5% DVB Menbr ane < 0.2 > 0.8 Sel em on AW

< 0.06 WOBNTITL . 94 WO 98/ 17377 PCT/CA97/00770

PCT/ CA97/ 00770 35 - The hi gh
t- and low t+ values for the nmenbrane 3¢ontaining 4.5% DVB i nplies

t hat the nenbrane exchanges anions and rejects cations to a |arge
degree, which is rfeesd{}ttsbfetthe? riof el ndt aahav csheki +88 in

5 Exanpl e 2. memifbemeplselectivity is enhiEimecHxanpl easépvigeinsmbidd tyf -

t he nenbranes for r o] 1 : : [ r%)%%%% :
prepared as descri bre%di;rfieEx]é@pl %@Lé%h(}ualcoﬁ?gf%?sn%ﬁ.lgogm EK’/%E .Of
pervapor ati on propefi?eEinging. The pepbirppgs QuiRpLfieragdeble cmancdalof

et hanol cont ai Ai ng membrané% S8ebhemidn DSVIhe effect of tenperature on

separation fagtQio1d g€ Water selectivity) and flux were determ ned
and plotted graphic —_1mese data appear in Figure 1. 15 As seen in
graph A the separation 16t oE*pRRL@asREPVides the hmephpanet pkectrigalseen

in graph B, the fl usesistance of cértaitnoEdthe! heltfi@sapybéeided herein.
The effect of ethanol CQﬂﬁ@“Eié%éf%héﬂ?sp§£§é%t1es of membranes prepared
10 following the procedures of Example 1 were determined
for various levels of cross-linking and compared with
those of two commercial cation and anion exchange
membranes, respectively Selemion CMV and AMV.
The results are contained in the following Table
15 XII:



tested. The results obtained are shown in the followng 20 Table XIV:
TABLE XV Feed Tenper at ure Fl ux Separation

Sol uti on [err]C (kg/ n{ err]h) Fact or 4 wt %
50 : et hanol 85 wm % 50
2.4 WOB8/17377 et hanol WO 98/ 17377 PCT/CA97/00770

PCT/ CA97/ 00770 36 Based on the
results seen in Table XIV, it can be é&dncl uded that the nmenbrane is

wat er sel ective, Exanpl e 10 This Exanple illustrates the
preparation of cation- 5 exchange nenBABLEXI A Afirst
series of cation-¢€ [oTarres S PP ar C e as T o
pol ypr opyl ene (PP)} m oys MassGain gy hcThickhess | \ilEGmea/gy | pRIPLCeD i1 er
derived by Cp®linking ®| ¥ nekiveghti op of ym 50 W % nmet hacfylic acidj 10
sol uti on in Waher using benzaophenaone S a
photoinitiator, and en@syi ng ei tibger vi nyldpenzlene ons,pt 0.02
tetra(ethy|eneg|ycnl) digrrylgfn as! _a . cros -Iinking agentl
foll owi ng the prockdur &.4of Exanplies 1. 117 A fings menbraneoy BTJ10)
conpri sed pol y( et passyHie—2b———aci-d—gt-h- 19 dilvinyl benzehe and had lan
i ncorporation 22 251 126 3.26 0.03
1.1 170 109 3.18 0.04
Selemion CMV 150 cals 0.18
Selemion AMV 150 call 0.36
As may be seen from the above Table XII, the
electrical resistance of the membrane is very low. The

10

15

resistance of the membrane is,

linking.
cross~linking,

within the error limits -
of the measurements, independent of the degree of cross-

As water permeability decreases with increased
it appears that membranes optimized for -

electrodialysis will have relatively high cross-linker -

ratios, since
electrodialysis

operations.

Transference numbers

water
and

many

transport

(t+ and t-)

is
other

unwanted

in
electrochemical

of the membrane

having 4.5% DVB cross-linked therein are compared with
the Selenion AMV in the following Table XIII:

TABLE XIII
ts t-
4.5% DVB Membrane < 0.2 > 0.8
Selemion AMV < 0.06 > 0.9%4




yield of 123% This nenbrane was eval uated for the wat er - sof t eni ng

ability, as described in the foll ow ng Exanpl e. A second
menbrane (BT12) conprised poly(nethacrylic 20 acid) with 2%

tetra(ethyl enegl ycol) diacrylate and had an incorporation yield of
120% The nmeWOWBA®7T on- exchange capacity was 5.5 nigT{:A97/00770

B. A second series of cation-exchange nenbranes wer e -prepared from
a PP microporous substrate having 25 35

pol y(2-acryl am do- 2- net hyl - 1- propane sul phonic acid) anchored in
the pores and lightly ci‘ggshllghket} vandy low t. twatluegetfod eniegl yembyane

diacrylate. The pO'cbﬁEéh.ﬁﬂﬁ¢04155% v m{sqriesCEﬁatth@%exﬁa}aH&ee&B 8igé the
substrate using 1 % am do- 2- pr opane |sso

ina 30 nixture2toR&t gpd(fe?)ﬁ?’fﬁ SRS Fen s a(‘)éepéileﬁfeet hghich Ls’

diacrylate crossborneerout hpd the bwatepheoedteningasiata contained in -

photoinitiators | NeaaR §_§t2 on yields ranged from 150 to 400% The
per f or mance of one _of menbr anes havi ng 4% cross linking, in
pressure-driven wa ment was 35 exam ned, as outlined below
WO 98/ 17377 The Example shows the use oECHH3AOMéMOraties for
37 Exanpl e pblva orat:.on This Exanple illustrates the water
sof t eni ng capablg X of cation exchan e menbr anes.

Menbrane BT10, prepar %s? PPgeRTep3red assdesgribed g %&‘Pi-%s’t ed

for the wateri1goft @ontginbngi 8y5% DVB, bhet pprvaparatdion3piopBat{dd perg): at
ﬁa ‘E lelrj)r<]- of 1%5%22 meas@edl @ {dd art I&%uégﬁ@(:édl%l%?\hb?vggh% LonkQihONG _
: 4% ethanol. The ffect of temperature on separation
factor (i.e. water selectivity) and flux were determined
and plotted graphically. These data appear in Figure 1.
15 As seen in graph A, the separation factor increased
with temperature. As seen in graph B, the flux also
increased with temperature. ;
The effect of ethanol concentration was also
tested. The results obtained are shown in the following
20  Table XIV:

TABLE XIV
Feed Temperature Flux Separation
Solution °c (kg/m?h) Factor
4 wt% 50 0.3 4
ethanol
85 wt$ 50 2.4 11
ethanol




10 Cal[err] 65% Clerr] 5%

SAerr] 42% The separations which were achi eved using the cation-
exchange menbrane based on poly(nethacrylic acid) are 15 conparable to
t hose achi eved usi ng the ani on-exchange menbr anes based on

pol y(4-vi ny| WBM73i€e) at conparabl e fl uxes. PCT/CAS7/00770
Menbrane BT16, prepared as described in Exanpl e 10, was tested
for its watéer softening ability 20 at 34% kPa (50 psig) in the
treatnment of tap water and in single salt separations at 483 kPa (70
psig). The Bajsedt i am &bki enesthles tsgenvainr TdlepskIly, aita ddnuxbeat e
(2)f5 1.9 kg/nferr]h %c&ﬁd&f%@%@ the membrane is water selective. @l g;{]err]lél%
31% Ex—amme— CI [err] 20% '-
Sderr] 51% The mMadsl Esamplteniilddstoates ndlee prabhraeist aif @atibno

30 psig) are sgt f ovmng Tabl e XV: _
TABLE XV § %L#EFB‘BSO@ J&H (KGMerrTH AT 70 PSIQ  REJECTI ON
NaCl first seriesgmpf catlon—exchgag;g[ éqegrpganes
2.7 walb@ prepared usihgS@A polypropylene (PB) lmicroporous

93 WD 98/ 17,

trate  with filler oGl 97/ Y770

38 The uxes achi eved Wl?h tl?ese catTon- excha
menbranes were BRhojepolymerizaigmarffiea (P whie methacryllc acid

pol y(vi nyl pyr Ldi ne)sdlakddnnentihanesvatélte paisifgn Obenzophenone as  a
photoinitiator, and employing either divinylbenzene or
tetra(ethyleneglycol) diacrylate as a cross- la.nklng
agent, following the procedure of Example 1.
A first membrane (BT10) comprised poly(methacrylic
15 acid with 1% divinylbenzene and had an incorporation
yield of 123%. This membrane was evaluated for the
water—-softening ability, as described in the following
Example.
A second membrane (BT12) comprised poly(methacrylic
- 20 acid) with 2% tetra(ethyleneglycol) diacrylate and had
an incorporation yield of 120%. The measured ion-
exchange capacity was 5.5 meqg/g. '
B. A second series of cation-exchange membranes
were prepared from a PP microporous substrate having
25 poly(2-acrylamido-2-methyl-l-propane sulphonic acid)
anchored in the pores and lightly cross-linked with
tetra(ethyleneglycol) diacrylate. The polymerizations
were carried out in the pores of the substrate using 1
part of 2-acrylamido-2-methyl-l-propane dissolved in a
- 30 mixture of water (1 part) and methanol (1 part), the
diacrylate cross-linker and benzophenone as
photoinitiator. Incorporation yields ranged from 150 to
400%. The performance of one of these membranes having
4% cross linking, in pressure-driven water treatment was
35 examined, as outlined below.



separations observed with the single salts in Table XV 5 was that
expected for a negativel y-charged nenbrane.

SUMVARY OF DI SCLOSURE In sunmmary of this disclosure, t he
pr esent i nvention provides nenbranes having uni que properties in

10 a vari et yWOPS/APEY i cati ons. Modifications are possi bl e PCT/ICAYTANTINI n t he
scope of this invention. - CLAI V5

VWhat we claimis: 1. In a menbr ane 37 separati on process whi ch
S pervaporation or selected fromthe group consisting of 5 pressure
driven nenbrane seBxemplenll di f fusi on dial ysis, Donnan di al ysi s,

electrodialysis and e‘rﬁﬁéroﬁﬁﬁﬂﬁf@ 111us°r}i131ttQ§S' %h@f f GGtkpg 'sB@i:&raing

selectivity, the i

rlses e ing a charge
menbr ane conpri si n?) %"Tef)’br%§a¥389t ?’é‘? %?d“‘&mbgg%%g/'l i nked
pol yel ectrolyte or 10 Aydr odsibrapeat BTL0R t Iprepared o&st hdesubibedit ein

2. The processs Ghamphdl m) 1wa¥"h€é§1':é%oﬁct?f dthé%’%f&n%oftenﬁﬂgp?b§f§tﬁ

m croporous substrate and a bout %ﬁ
mi cropor ous substr &% WP #AEFs a4 i AkbakPa (PR. gid) pBkyRerfidy of
pol yel ectrol yte or kgyoflogaihe mejeetiom achievbd pas ess dollibessubstrate and

cross-linked by up to about 3f et gosgf t he pol yneri zed nononers in the
pol yel ectrol yte or hydrogel . The process of claim 1
wherein. said nenbrane sepa |or§1|5r ocess conprises a pressure-driven

menbrane 20 separation to effectCgdtefédsenti al renoval of multival ent
cations froman aqueous medi um cqoiit-ai ighg nonoval ent
SO, 42%
The separations which were achieved using the cation-
exchangé membrane based on poly(methacrylic acid) are
15 comparable to those achieved using the anion-exchange
- membranes based on poly(4-vinylpyridine) at comparable
- fluxes. :
B. Membrane BT16, prepared as described in
Example 10, was tested for its water softening ability
20 at 345 kPa (50 psig) in the treatment of tap water and
~ in single salt separations at 483 kPa '(70 psig). The
- rejection achieved on tap water (50 psig) at a flux rate
of 1.9 kg/m’h was as follows:
: Na® 14%
25 Mg*t 29%
ca** 31%
Cl- 20%
S0, 51%
The results obtained for single salt separations (70
30 psig) are set forth in the following Table XV:

. TABLE XV

SALT (0.002M) | ELUX (KG/M'H. AT 70 PSIG) | REJECTION |
Nacl 2.95 65
CaCl, 2.7 15
NaSOq 3.17 93




cations and mnul tival ent cati ons. 4. The process of claim2 wherein, in

said m croporous menbr ane, t he quantity of in-situ

pol ynmeri zed 25 polyelectrolyte or hydrogel is about 30 to about 200 wt %
and the amount of cross-1linking nononer is up to about 10 wt % of the
i n-situ pol yWeSBIAEI7 nononers. 5. The process of clai mPETGASTRAT t he
quantity of in- situ polynerized polyelectrolyte or hydregel is about
45 30 to about 100 wt % and t he anmount of cr®ss-1inking nonomers is
about 0.25 to about 5 w % 6. The process of claim 2 which is
effected at a pre§ber efbixe®) poihjer8d0 wiRd) dhebesscation-exchange
40 7. The pRiERefesOl wekai M n§ hwheaﬁan BfardBIdr A the

conprises a m croporqQus, _substrate i res which |s in situ

polng/)rrerl zed from gtﬁﬂﬁty XS“Y&M“%OOBQP%OW anes. g fRg  faFtern of

vinyl pyri di ne whi cleeparatdess | opsexived twith diheb simgdet sa@t@5int Fababo¥V 5
w% of total rORONERRaLbY ecteﬁi oy hPg ?@@i{‘ﬁel -chfrged Herangss of

cI aim?7 wherein amne groups ectrol yte are quat erni zed.

9. The process of claim 1 wherein sal d nenbrane 10 separation

process conprises electrodial ysi ssUMMAKY OF DASCLOSUREAl ysis or Donnan

dialysis and wherein, 4jng CE[-B%‘” o&s_,. g‘%gne, tE’E ?) %h;:y of

t 50

in-situ polynerized pol ye ect P’ol yte or hydroge | s abou out
250 wt % and t helHRREAPN oPrRYisias I“ieﬂ‘l?irﬂ@e?rd?ﬂiﬁé\gs upiqpe gpreRsFiessing. 25
to about 30 wt %l 4 heariety tof ppplieatiens nonmodisicationkl.arBheossibees of
claim9 wherein the,q t i i i ri zed polyelectrolyte or
hydrogel is about 1 S It%% g%%ﬂ o&&hﬁ/& )leBam)unt of cross-1inking
nononer s




I s about 15 to about 25 wt% 20 —11 he process of claim 1 wherein
said nenbrane separation process conﬁulses el ectrodi al ysis, diffusion

dialysis or Donnan Dialysis and: \Mmum u MII”HI por ous menbr ane
conpri ses a m croporous substrate ! 150 to about 250 wt % of
t he substr atWO8&17377cr oss- | i nked : 25 poI yel ectr'ol yte or hydPGEHEAYHETAL ed i n

the pores of the substrate, said polyelectrolyte o r- hydrogel

bei ng pol ymeri zed 4-vinyl pyridine whichsgs cross-linked with about
15 to about 25 wt% of total polynerized nononers in sai d

polyel ectrol yte or hydrogel, by divinyl begzams and 30 exhibiting a | ow
el’ectrical resist d AWM yat er permeability. 12. The process
of claim1l wherein t %Ebfga#ect¥§lyte or hydrogel is fornmed in the

pores of the subst¥ate 3 ﬁﬁmbragPtéeERF@H%¥iiﬁPFSﬁsoﬁekgﬁﬁﬂbﬁFPmemﬁ
mxture of nononmergroup considting of preseuk8 Ariversmelbikhsgs@smrtionhe

nmononer or at | eas t he r bei ng
sel ected from &1 6‘?;‘ rr%lh%l sr)Wh cﬁg)con égiyé{%eunc ona?éﬂg(la}g Pst’hat
provi des an ion- ex%¥%€ﬁgfé’c§le{“écﬁ%d SYesbedhsch @vdt ameraraporaswgr ouﬁ i ch
i's susceptible to mﬁm@meﬁn iiehi sdpriels employifngnat chasged mamisranee
subsequent |y |ntro |n S'g%rous PL?£g§g pgggneg aross liﬁie The

process of cIa|n11 ereln % hé p t £ FOrned
in the pores of sumleyeakqstrsylwer@: hycﬁrogelldocgteﬁ p@lmrmreﬁﬁ cﬂf thea
nononer or .a m Xt uggosirdBanoner s, t he nononer or at | east one of the

Wi o contain a | 2e I PEBRAPS oot GRAE pfovT et PBRS oY ERRNIS ¢ e

and t hose wednprisss & migrgponpusinsulistirateusndpebonte 3¢ tp about
400 wt% weight o¢f microporous substrate of a cross-
linked in-situ polymerized polyelectrolyte or hydrogel
located in the pores of the substrate and cross-linked
by up to about 30 wt% of the polymerized monomers in the -
polyelectrolyte or hydrogel. '
3. The process of claim 1 wherein said membrane
separation process comprises a pressure-driven membrane-
separation to effect selective removal of multivalent.
cations from an aqueous medium containing monovalent
cations and multivalent cations.
4. The process of claim 2 wherein, in said microporous
membrane, the guantity of in-situ polymerized
polyelectrolyte or hydrogel is about 30 to about 200 wt%
and the amount of cross-linking monomer is up to about
10 wt% of the in-situ polymerized monomers.
5. The process of claim 4 wherein the quantity of in-
situ polymerized polyelectroiyte or hydrogel is about 45
to about 100 wt% and the amount of cross-linking
monomers is about 0.25 to about 5 wt%.

6. The process of claim 2 which is effected at a
pressure of 70 psig (500 kPa) or less.
7. The process of claim 6 wherein said membrane

comprises a microporous substrate in the pores of which
is in situ polymerized from about 45 to about 100 wt% of

—_—

_—

——
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15 chem cal reac

subsequently introduced to the in situ-for and,
subsequently, cross-linking in S|tu- m lw WE“ 14. The process
of claim1l wherein the polyelectroly

tion by which such—funretioermat—groups are

pol ymer of

vi nyl pyri di r@O88Ity3% nononer sel ected from 20 d| Vi nyl be REGGAIZARTT0

di vi nyl pyri di ne.
pol yel ectrol yte
di al kyl ati ng

15. The process of claim 13 wherein the
is polyvinyl pyridinao cross-linked with a

reagent after in situ polynerization. 16. The

process of clai m 16heheubsnrated ofi avkyipyiridine 2thichgeid icsoss-linked

13- di br omopr opaney, gy 3 RnfllaBodEOOP2S WS MBout 5 wes e cHRSIPRERSHS: Ofoyel al m

14 wherein the pol

vyin
aryl substituted a¥k¥+3& enzenﬁallde or sul phate. 18. The process of

claiml1 wherein th
consisting of (1)
di vi nyl benzene and

i ntroduced by reac®i on W% hprocess a°ft Gy yl afperesin said BERPXARS S

of styrene and
groups are

acrylic acid

and di vi ny

diacryl ate; or (6)pobpaeyiwsds milyetebaco)ite aci lydushedl is abputi B0 Wate.
?Blaﬁﬁ Mdo "‘@@%Z eLfd Tﬂﬁe S&pﬁr{@t% ! ézl'c?ss—l_lj_.gk ing %86&{?%@“5

19. The process of
pol yol ef i n substra
polyolefin is

process of claim1l
pol yel ectrol yte or

i ne is quaternized with an

8. pol Ted gatacelspt efi slaim 3D wisetedmt athifieogroles girouhe
ﬁ?ﬁgéthHESrgEe are ﬁéeéyy gqzy! chloride and

ange unctlonal groups are

separattion pHdoeszeremnppisédcelettdiadpgesf uadffadicdn

| f t I
égal%%ld i VI nyldt%téirﬁggﬁgag? fy q;aanelr"’g@g?gﬁét ﬁ%g(r)y I'c acid

PHERORAROUY 5) MEBRERYfrer s e acr‘!ﬂqf’é‘-lﬁ& d @hd ain-situ

Cess rern
is' fxom opboNt efe28r ‘i&bl Feewly| Sfe.wt¥ ofp the inqgitu
pohgnerizdd eopompest i es of the bound

1Bydr'919§|pxagcee§§o(yff ?Lgl&oé ¥herein the quantity of in-
situ polymerized polyelectrolyte or hydrogel is about
150 to about 250 wt% and the amount of cross-linking
monomers is about 15 to about 25 wt$.

11. The process of claim 1 wherein said membrane

separation process comprises electrodialysis, diffusion
dialysis or Donnan Dialysis and wherein said microporous:

membrane comprises a microporous substrate having about
150 to about 250 wt% of the substrate of a cross-linked

polyelectrolyte or hydrogel located in the pores of the

substrate, said polyelectrolyte or hydrogel being
polymerized 4-vinylpyridine which is cross-linked with
about 15 to about 25 wt% of total polymerized monomers
in said polyelectrolyte or hydrogel, by divinylbenzene
and exhibiting a low electrical resistance and a low
water permeability.

12. The process of claim 1 wherein the polyelectrolyte
or hydrogel is formed in the pores of the substrate by
in situ polymerization of a monomer or a mixture of
monomers with a cross-linking agent, the monomer or at
least one of the monomers of the monomer mixture being
selected from those monomers which contain a functional
group that provides an ion-exchange site and those which
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speci fic menbrane and separ at i eor—process—by—setecti on of t he

degree and type of cross-1inki . pol yel ectrol yte
or hydrogel . 15 22. A chaLEH [“Eﬂs m{tﬂ) ﬁonpri sing a mcroporous
pol ypr opyl ene or pol yet hyl ene su L 45 to about 100

wt % of a cr o¥@s17Red pol yel ectrol yte or - hydr ogel PCHEAEPOVH t he
porous of the substrate, said cross-linked polyel ectrol yte or

hydr ogel bei ng pol yneri zed 20 4-vinyl pgtidine which is cross-Ilinked
with fromabout 0.25 _to about 5 wt% of total polynerized nononers
in said poFRL ey rip| §EWIELWHGH g heuscepsible to a zpactipe &War ged
rremﬁrgne O}‘ cl ai m@iiwhﬁﬁtﬁgnfﬁm:ﬂﬁorgﬂomups_are sdldﬁe‘é;@bﬁtl@?'i(&iﬁdddﬂdyte
or hydrogel are qugternized reaction with a quaternizing agent.
24. The charged né%%r%£é5%P ?¥5T%Q§§gﬁﬂgféin sai d guat er ni zi ng
agent is an al kyl b3. arBiealckpiceRal Plecbeim 1 whereinsghghppdyelectrolytes,

The charged nenbrage @idebgein 24 WMBUN iTAl the poBds Gealbtzhed Nt is

di met hyl sul phate. _, . 26.. A _charged. nenhrane _conprising,

i Cr opor ous fl’b%?'yplﬁbps)}lté’ngoéymﬁﬁ%ﬁ?ﬁ g’%easﬁ'Bg?’P e°%rﬁjq%1”&ure
cross-linked of muiopeirset Fhe ynenamerhpdr afeledsic aned of nthé engromes's
ther eof 430f the monteeh hextitd NBeifiOSSehebked D¥rdreacindye W th
a Ccross- | i nkin aqﬁpth . 27 Tq§_ch§rged nﬁggéane of, claim
26 wherein said crBeROmers Which) coptain 2 fyngtdopad grppp bRy ises

a, a' di br ono- p- an5ipnptexchange site 28nd Thesehathjell wenbadme aofgmdugi m 26
wherein said crossghich is susBESE1PQ Yebeal rdlaflieadr AA4eE98R/! byS which
Cpppl ymer of sucl}{I QXng{érga{lnegra&Ppsa artrPen Ogggsgqeulle%(i}l%d jfr{tor%]duced to
di vi nyl benzene
the in situ-formed polymer, and, subsequently, cross-
linking in situ-formed polymer.
14. The process of claim 1 wherein the polyelectrolyte
is a copolymer of wvinylpyridine and a monomer selected
from divinylbenzene and divinylpyridine. '
15. The process of claim 13 wherein the polyelectrolyte
is polyvinylpyridine cross-linked with a dialkylating.
reagent after in situ polymerization. e
16. The process of claim 15 wherein said dialkylating
agent is 1,3~-dibromopropane or «,c'dibromo-p-xylene.
17. The process of claim 14 wherein the
polyvinylpyridine is quaternized with an alkyl or aryl
substituted alkyl halide or sulphate.
18. The process of claim 1 wherein the polyelectrolyte
is selected from the group consisting of (1) copolymers
of vinylbenzyl chloride and divinylbenzene and the ion- -
exchange functional groups are introduced by reaction
with a tertiary amine; (2) copolymers of styrene and
divinylbenzene and the ion-exchange functional groups
are introduced by sulfonation; (3) copolymers of acrylic
acid and divinylbenzene; (4) copolymers of methacrylic
acid and divinylbenzene; (5) copolymers of acrylic acid.
and a diacrylate; or (6) copolymers of methacrylic acid
and a diacrylate.
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and di vi nyl pyri di ne. 10 29. _‘[hﬁ_ahaLged——n%n%F&He of claim 28 wherein

anm ne groups in said polyelectrol yte or drogel are quaternized.
30. The charged nenbrane of claim Zi‘lmnmuu Hl“im“l\ ne groups are
guat erni zed by reaction with dinmeth 31. A charged
menbr ane WOPMIBTg a m cr opor oUs ¢ 15 ponproperﬂGHEHyMWTm

pol yet hyl ene substrate and about 150 to about 250 wt % of the
substrate of a cross-1|inked pol yel eagrol yte or hydrogel |ocated in

t he pores of the substrat e, ;Lsald pol yel ectrolyte or hydrogel
bei ng pol yi®r i 7Bk sprdaesspyd diladiwAi wheireinr tise- sikiorate tis a 20

about 15 to about ﬁ§c¥$p@fghstEbgyopgfﬂﬁngubggqaggnoners in sai d
pol yel ectrol yte or _hydr I vinyl benzene and exhibiting a

| ow el ectrical resfStan eﬁﬁ?%%q Igim 19 Whereb%rﬁ%%bPP}YQlefln 13
32. The charged npahypmnpyﬂhnelarnpalyeﬁhymyne sai d cross- I|nked

pol yelectrol yte opy hyfioOEfocdsy Je COPRIY T undlein the pb ﬁ%y“ M dgne

and a nononer selected d|V|ny nzene
33. The charged thenbruitk Podelerhrpdyte °r\/\ﬁ¥11§‘i’%el g modified for
pol ynmeri zed 4-vi nylspgcifiimmembrquanaﬂd nsepatation pbocekb byTheleehﬂds:g&df

I ' L 4- Vi d di
menbrane of claig, WI t h é’(‘ﬂ% kel ng r(‘*lé ﬁﬁ%}’f‘sm p%ap%.rggg_r_imglr{%. VLFE %r I ne

i's quanterni zed ged
membr ane which is EG%¥%&ﬁ?¥HQ%YtﬂaPErhYdr°gel treatnent applications and
conprising a mceReporAuscharged membrane comprising a microporous

AVENDED SHEET polypropylene or polyethylene substraéé and about 45 to
about 100 wt% of a cross-linked polyelectrolyte or
hydrogel located in the porous of the substrate, said
cross-linked polyelectrolyte or hydrogel being
polymerized 4-vinylpyridine which is cross-linked with
from about 0.25 to about 5 wt% of total polymerlzed
monomers in said polyelectrolyte by divinylbenzene.

23. The charged membrane of c¢laim 22 wherein amine
groups in said -‘polyelectrolyte or hydrogel are
quaternized by reaction with a quaternizing agent.

24. The charged membrane of claim 23 wherein said
quaternizing agent is an alkyl or arylalkyl halide or a
sulphate. ,
25. The charged membrane of claim 24 wherein said
quaternizing agent is dimethyl sulphate.

26. A charged membrane comprising a microporous
polypropylene or polyethylene substrate and a cross-
linked polyelectrolyte or hydrogel located in the pores
thereof which is further cross-~linked by reaction with a
cross-linking agent.

27. The charged membrane of claim 26 wherein said
cross-linking agent is 1, 3-dibromopropane or
a,a'dibromo-p-xylene.

28. The charged membrane of claim 26 wherein said
cross-linked polyelectrolyte or hydrogel is a copolymer
of vinylpyridine and a monomer selected from
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substrate about 30 to about 200 w%—cross-linked by up to about 10

wt % of in-situ polynerized nononers in the pol yel ectrol yte or hydrogel.
36. A charged nenbrane of clai mSH m L"l m,ﬁ'nntlty 5 of in-situ
pol ymeri zed polyelectrolyte about 45 to about 100
wt % and t he VE@®BIkT8770f cross-1i nking noflomirs*i s about BCTBEAYMeTMOUt 5
wt % 37. A charged nenbrane whi ch IS suitable - for
el ectrodialysis, diffusion dialysis and DonAan dialysis 10 applications
conprising a m croporous substrate and about 50 to about 250 wt % of

mi cropor ous subst r@tweinylbgngengsand divipykpyridingt u pol yneri zed
pol yel ectrol yte or2diydrmegel chargddCab@brn® t Be n%% Oist%e%?ﬁt raeth%eand

yneri zed
T tonomer s i1 t D el 01 SAYFe GPIRSIPSLERLYES (85 | PHerCHEs gdre
meqbr ane of cIa|n1QHaEﬁﬂam§ﬁd the quantlty of 1n- S|tu pol yneri zed
pol yel ectrol yte or3fydrogelchh®ged méittsnel 8@ épaﬁﬁ)%t w%é@e!\ﬁ%ﬁlﬂ atn{l%e
anount of cross- Ilnr!%u% ! norrerqsuatermt?ggé 15 t}(’) abogéaCZtiovA/t 0 with
dimethylsulphate.

31. A <charged membrane comprising a microporous
polypropylene or polyethylene substrate and about 150 to
about 250 wt% of the substrate of a cross-linked .
polyelectrolyte or hydrogel located in the pores of the -
substrate, said polyelectrolyte or hydrogel being
polymerized 4-vinylpyridine which is cross-linked with-
about 15 to about 25 wt$%$ of total polymerized monomers
in said polyelectrolyte or hydrogel, by divinylbenzene
and exhibiting a low electrical resistance and a low
water permeability.
32. The 'charged membrane of claim 31 wherein said
cross-linked polyelectrolyte or hydrogen is a copolymer-:
. of vinylpyridine and a monomer selected from
divinylbenzene and divinylpyridine.
33. The charged membrane of claim 31 wherein said
polymerized 4-vinylpyridine is quaternized. _
34. The charged membrane of claim 33 wherein said
polymerized 4-vinylpyridine is quaternized with
dimethylsulphate.
35. A charged membrane comprising a microporous
substrate and about 20 to about 400 wt% weight of
microporous substrate of a cross-linked in-situ
polymerized polyelectrolyte or hydrogel located in the
pores of the substrate and cross-linked by up to about
30 wt$ of the polymerized monomers in the
polyelectrolyte or hydrogel.
36. The charged membrane of claim 35 which is suitable
for water treatment applications wherein the quantity of
in-situ polymerized polyelectrolyte or hydrogel is about
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30 to about 200 wt% and the amount of cross-linking
monomer is up to about 10 wt% of the in-situ polymerized
monomers.

37. The charged membrane of claim 36 wherein the
guantity of in-situ polymerized polyelectrolyte or
hydrogel is about 45 to about 100 wt$ and the amount of
cross-linking monomers is about 0.25 to about 5 wt$.

38. The charged membrane of claim 35 which is suitable
for electrodialysis, diffusion dialysis and Donnan
dialysis applications wherein the quantity of in-situ
polymerized polyelectrolyte or hydrogel is about 50 to
about 250 wt%¥ and the amount of cross-linking monomers
is from about 0.25 to about 30 wt$% of the in-situ
polymerized monomers.

39. The charged membrane of claim 38 wherein the
quantity of in-situ polymerized polyelectrolyte or -
hydrogel is about 150 to about 250 wt% and the amount of
cross—-linking monomers is about 15 to about 25 wt%.
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