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FIELD OF THE INVENTION
The present invention relates to membranes having enhanced solvent and acid

stability, methods of manufacture thercof and methods of use thereof.

BACKGROUND OF THE INVENTION

The following documents, the contents of which are hereby incorporated by reference,
are believed to represent the current state of the art:

U.S. Patent Nos. 4,014,798; 4,214,020; 4,238,306; 4,238,307; 4,246,092;

4,477,634; 4,517,353; 4,584,103; 4,604,204; 4,659,474, 4,690,765, 4,690,760,
4,704,324; 4,720,345; 4,753,725, 4,767,645; 4,778,596, 4,833,014; 4,889,636
4,894.159; 4,911,844, 4,952,220, 5,024,765; 5,028,337, 5,032,282; 5,039,421,
5,049,282; 5,057,197, 5,067,970, 5,087,338, 5,1 16,511; 5,151,182; 5,152,901,



4,659, 474; 4,690, 765; 4,690, 766; 4,704, 324; 4,720, 345; 4,753, 725;
4,767,645, 4,778,596, 4,833,014, 4,889, 636; 4,894, 159; 4,911, 844,
4,952, 220;
5,158,683; 5,205,934; 5,265,734; 5,272,657; 5,282,971, 5,304,307; 5,310,4806;
5,430,099; 5,458,781 ; 5,476,591 ; 5,547,579; 5,587,083; 5,597,863; 5,599,506;
5,733,431 ; 5,858,240; 5,945,000; 5,961,833; 6,086,764; 6,132,804, 6,156,186;
6,159,370; 6,165,344; 6,355,175; 6,536,605, 6,733,653, 6,827,856; 6,835,295;
6,843,917, 7,077,953 and 7,138,058.

U.S. Patent Publication Nos. 2003/0089619; 2007/0125198; 2008/0000809;
2008/0069748 and 2009/0101583.

European Patent Nos. 0 422 506 and 0 574 957,

Published PCT Application Nos. WO 94/27711, 95/30471, 99/23263, 99/40996,
00/50341, and 03/35934.

"The Chemistry of the Cyano Group", F.C. Schaefer ed. Z. Rappoport, Interscience,
New York, chapter 6, p. 239-3035, (1970).

"The Chemistry of Amidoximes and Related Compounds", F. Eloy and R. Lenaers,
Chem. Rev,, 62, p.155, (1962). H. Schenborn and J.P. Luongo, J. Adhesion Sci.
Technol., Vol. 3, N4, pp.

227-290, (1989).

A. Taguet, B. Ameduri and B. Boutevin, J.Adv. Polym. Sci., 184, p. 127- 211 (2005).
The Sclution Diffusion Model: A Review, J.G. Wijmans, R. W. Baker, J. Membrane
Science, 1995, vol. 107, pp. 1-21.

Platt ct al., }. Membrane Science 239 (2004) 91-103.

A. Warshawsky et al., J. of Polymer Sci., Part A: Polymer Chemistry, Vol. 28, p.
2885, pp 3303-3315(1990).

A. Noshay and L.M. Robertson, J. Appl. Polym, Sci., Vol. 20, p. 1885 (1976).

M. D. Guiver, O. Kutowy and J. W. A. Simon, Polymer, 30, p. 1137 (1989).

Quing Shi et al. J. of Membrane Sci., 319, p.271 (2008).

"Handbook of Industrial Membranes”, K. Scott, Elsevier Publishers, section 2.1,
pp.187-269.

"Basic principles of membrane technology”, M. Mulder, pp.465-473 (1996).
"Membrances for industrial wastewater recovery and reuse”, Simon Judd & Bruce
Jefferson (eds), Elsevier, Chapter 2 (2003) Applied Surtface Science, 253, Issue 14,
2007, pp.6052-6059, You- Yi Xu et al.



5,024, 765; 5,028, 337; 5,032,282; 5,039, 421; 5,049, 282; 5, 057,197;
5,067,970; 5,087,338; 5,116,511; 5,151,182; 5,152,901,

SUMMARY OF THE INVENTION

The present invention sceks to provide membranes having enhanced solvent and acid
stability, methods of manufacture thereof and methods of use thercof.

There is thus provided in accordance with a preferred embodiment of the present
invention a polymeric semipermeable membrane comprising a non-cross-linked base
polymer having reactive pendant moieties, the base polymer being modified by
forming a cross-linked skin onto a surface thereof, the skin being formed by a cross-
linking reactton of reactive pendant moieties on the surface with an oligomer ot
another polymer; wherein at least one portion of the cross-linked skin is
covalently bonded to a nanofiltration(NF) layer.

[t is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein additionally comprising a woven or non-woven
textile substrate underlying the base polymer.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein at least one portion of the cross-linked skin is
hydrophilic , hydrophobic and a combination thereof.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the reactive pendant moieties are species selected
from the group consisting of halogen , nitrile and a combination thereof.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the base polymer is selected from the group
consisting of polyvinylidene fluoride, acrylonitrile polymer and any copolymers
thereof.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the base polymer preferably comprises
polyacrylonitrile.

It 1s another object of the present invention to disclose the detailed above polymeric
scmipermeable membrane, wherein the reactive pendant moieties are added to the
outer surface of the base polymer by a chemical process selected from the group
consisting of oxidation reaction, ozonation reaction , chlorosulfonation reaction and
any combination thereof. ‘

It 1s another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the base polymer comprising a plurality of

repeating sulfone groups.



1 5, 158, 683; 5, 205, 934, 5, 265, 734; 5,272,657, 5,282,971, 5, 304, 307;
5,310, 486; 5,430,099; 5,458,781 ; 5,476,591 , 5,547,579, 5,587,083,
5,597, 863; 5,599,506; 5,733,431 ; 5,858, 240, 5,945, 000; 5,961, 833;

6, 086, 764; 6,132,804; 6,156, 186; 6, 159, 370, 6, 165, 344, 6, 355, 175,
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Eby and Rt it ereibersob o @theRergsent gpvenpon gsdisglespthy depilcdahormhprinmare J. P.

Luongo,  Jee AEOGRAOR mrithbrard® SYHRRLn the'fRke patynbihs RBerabfy psither SHRER.
It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the chlorosulfonation reaction is carried out in a
solvent comprising glacial acetic acid or a mixture of acetic acid with at least one
non-polar solvent.
it is another object of the present invention to disciose the detailed above polymeric
semipermeable membrane, wherein the another polymer is selected from the group
consisting of polyethylenimine , polyvinyl alcohol and a combination thereof.

[t is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the another polymer 1is preferably
polyethylenimine.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the polymeric semipermeable membrane is an
ultrafiltration (UF) membrane or a microfiltration (MF) membrane.

It is another object of the present invention to disclose the detailed above polymeric
semipermeabie membrane, wherein the cross-linking reaction is effected at elevated
temperature utilizing a solution of the oligomer or another polymer, optionally
followed by a drying step at clevated temperature.

It is another object of the present invention to disclose the detailed above polymeric
semipetmeable membrane, wherein the drying step is effected by air drying at
clevated temperature.

It is anothet object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the polymeric semipermeable membrane is
preferably a polyacrylonitrile ultrafiltration membrane and the another polymer is
preferably polyethylenimine.

It is another object of the present invention to disclose the detailed above polymeric
semipermeable membrane, wherein the polymeric semipermeable membrane is a
polyvinylidene fluoride ultrafiltration membrane and the another polymer is

poiyethylenimine.
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It is another object of the present invention to disclose the detailed
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acrylonitrile polymer and any copol yners thereof. It is another object of
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pol yet hylienigibotier object of the present invention to disclose the detailed above polymetic
semipermeable membrane, whercin further comprising supplemental cross-linker
selected trom the group consisting of 2,4,6-trichloro-s-friazine, 4,6-dichioro-2-sodium
p-sutfoanile-s-triazine (4,6-dichloro-2-p-anilinesulfonie. acid sodium salt-s-triazine),
4,6-dichloro-2-diethanolamine-s-triazine and 4.6-dichioro athino-s-triazine.
[t is another object of the present invention to provide a method of forming a
polymeric semipermeable membrane comprising the steps of: providing a non-cross-
tinked base polymer having reactive pendant moieties; and effecting a cross-linking
reaction between the reactive pendant moieties on a surface of the base polymer with

an oligomer or another polymer, thereby forming a cross-linked skin on the surface of



It is another object of the present invention to disclose the detailed
above pol yneric sem perneabl e nenbrane, wherein the polyneric sem perneabl e
menbrane is a polyvinyliclene fluoride ultrafiltration nenbrane and the
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anot her object .of the present invention to disclose the detail ed above

pol ymeric i per meabl e menbrane, wherein the diazine or
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consisti ngwlct)ttlun lt?tle method additionally comprising step of providing the base polymer
sclected from the group consisting of polyvinylidene fluoride, acrylonitrile polymer
and any copolymers thereof.
It is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing the base polymer
comprising polyacrylonitrile.
It is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of adding reactive pendant moieties
to the outer surface of the base polymer by a chemical process in order to provide the
non-cross-linked base polymer having reactive pendant moieties.
It 1s another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing base polymer selected
from the group consisting of polysulfones, polyether sulfones, polyphenylene sulfones
and a combination thereof.
[t is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing the base polymer
comprising polyether sutfone. ‘
It is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing the another polymer
selected from polyethylenimine and polyvinyl alcohol.
[t is another object of the present invention to disclose the detaited above method,
wherein the method additionally comprising step of providing the another polymer

comprising polyethylenimine .
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mul tifunctional amne is selected fromthe group consisting o

pol yet hyl keneAneiber pRIFShatnihe pigsael, inyeitinp ieydiaspse Wé§lct9¢k§d>ﬂbeﬁ<zweéhﬁdnes

| | h | t
Dot her” olEin PGPl A QTR RIBA KPR 1DBINEL %1 4 above
pol ymer i clt Seangibemesbdt o fnhariprasnsy, inwkdion dlmlbmmcmmredstbnge sigapiderent al

cross-1linker ected fr mth group.consi s
2,4, 6- trl\‘fh‘fiwldll%mleff o pvitonal St Hemo m&m&#wqfh%ail%ia?ﬁ PP azi ne

(4 6- di chl gy enRneRitldesith BRYoReerGlith HPAE YA ()g%%'??s figb4 azi ne) ,

4, 6-di chl'ow 2-di et hanol am ne-s-triazine and 4.6-dichloro athino-s-triazine.
It is another object of the present invention to disclose the detailed above method,

wherein the method additionally comprising step of providing the oligomer or another
polymer in the solution having concentration of preferably 4%.

It is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of a drying step at a second elevated
temperature in the range of 70 - 120 °C.

[t is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing the cross-linking
reaction comprising reacting amine groups with nitrile groups to form amidine
groups.

It is another object of the present invention to disclose the detailed above method,
wherein the method additionally comprising step of providing the polymeric
semipermeable membrane comprising polyacrylonitrile ultrafiltration membrane and
the another polymer comprising polyethylenimine.

It is another object of the preseat imvention to disclose the detailed above method,
wherein the method additionally comprising step of providing  the cross-linking
reaction comprising reacting primary and secondary amino groups with halocarbon

groups to form imine and tertiary amino groups.



It is another object oldie present invention to provide a nmethod of formng
a polyneric sem perneabl e nenbrane conprising the steps of providing a

non- crossl i nked base pol ymer havi ng reactive pendant noieties; and
effecting a cross-linking reaction between the reactive pendant noieties on
a surface pf.. ase . no pr Wit h. ar i 0o n [ her eby
formng a @H%é@ﬁPgnﬁﬁaﬂs[?ﬂgéﬁ Fﬁg“ggW“%%g’g§&°%%3%6§%3%86ﬁ§%%Eﬁﬁﬁﬁirein

t he net hodwhedint i thaalnheth@b npddigemndglysteepsprisingl atep ngf apmearidid | polamieda ( NF)

| ayer over at |east a portion of the,cross-ljnk?d skin..It is another

obj ect of TREPEREIVAL NEIBRAF orforBriginge| BEYVinKI WSt allyaileanyiialiistinnd,
wherein the. stehe¢ r bR, 0k 4 S _ ‘af coval ently bondi ng
the NIP Igggﬁbf@e?&%ﬁ%fggggiﬁﬁké P%ﬁﬁﬁg@§§§§gagﬁ%ﬁ g?&object of the present
i nvention I os dnsbtrostgedthd e tpaeskridinabovem tvedibbddse thisedetailedtdbevermdiion],

addi ti onal | rising eactive pendant noieties

CO ep.of proyidin
sel ect ed f‘F’ﬁ‘ﬁ’i“t“h mgFBWp"@&?ﬁ&‘%% f‘ﬁ O'fﬂmﬁ n) [E}?(ief CPYRTSHYE a conbi nati on
thereo It is anotigy ohiRadt At df-NBi-RE &SRl BYRALIQN to disclose the
det ai | ed above method, wherein the method additionally conprising step of
provi di ng the base pol yiemegethazirgacontamng meongmsap consi sting of
pol yvi nylicl ene quorid? acrgloghtrjl pol ymer and any copol yners t her eof
It is another object OPI§WEC$IH%) “i¥ention to disclose the detail ed
above nethod, wherein the nmethod addit.ionall. onprising step of providing
the base pol ymer &8 riaéi?' t‘ﬁlﬂ‘?%?‘ﬂﬂ%‘ﬂi”ﬂ iéf;ﬁngl?g,g anot her object of the
present invention to dingQs® WdighdeHRIthsk #We, et hod, wherein the nethod
additionally conprising step of adding reactive pendant noieties to the
outer surface of the bd8e.0pdIpreededihabatdeastbesadfl the deelsls in order to provide

t he non-cross-1inked base, pal yner, ing reactive pendant noieties. It is
anot her object of the BfEQQ%P%Wﬂgﬁﬁﬁ%%Hﬂ?%n%?%%?ﬁ@ ' the detail ed above
net hod, wherein the nEbeﬁmaqg&bﬁ@ﬁ@ibNg@ﬂﬂﬂﬁ@@bﬂQﬂ$§ep of providing base
pol ymer selected fromthe gfoup.cpn5|st|ng of pol ysul fones, polyether
sul fones, pol yphenyl en&okufl ohbtzigdnencseaibyinelt ison thereof It is anot her
obj ect of the present | I i ose the detail ed above nethod,
wherein the met hod add%?%%ﬁg%fgﬂggﬁgbﬁg§ng step of providing the base
pol ymer conprising polyether sul lone. It is another object of the present
invention 1t @s Gi§E0RFedt T tHetpadskRdineba® RAiBa0se WaedepliRdtdeverptdiasn,
addltlonallg conprising step of providing the another polynmer selected from
pol yet hyl evhercie asdgipwiyycagiprigito s olt selectimmttherdiabinecer dfiazie- pr esent
| nventi on 40,8 A6) 996.0h0G HShAdiSS ABAVACTRLNBoARGI) the met hod

y nﬁ?|5|ng step I hg

addi ti onal1y ¢0 provi et anot her“pol ymer conpri sing

pol yet hyl eni i ni ne .
R‘i
N4ﬁl\\r
PN
3

Rl Rt
N|)\\N Nl/]\\\{\l
- Néﬁl\\Rﬂ //L\\wﬁﬁLN\
R‘

]2 R
id R
R-‘
N] AN ﬁl\l N/ |
/,L\\,,/ ¢¢?L\\ f/L*b
R N R? and R? N RS N RY wherein:

R'is independently sclected at cach occurrence from broino, chloro, 1odo,

fuoro, «Ni--IRS, -OR? and SR? , wherein RYis independently selected at cach

occurrence [rom H, optionally substituted atkyl and optionally substituted aryl;
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It is another object of the present invention to disclose the detailed
above nethod, wherein the step of effecting the cross-linking reaction at a
first elevated tenperature utilizing a solution of the Ligonier or another
polynmer. It is another object of the present invention to disclose the

det ai | ed ﬁbg}{ﬁdﬁﬁ&%ﬂ% S%Yegt%@glgm?:ﬂ?6%ﬁ‘§gc@fl‘oz%fgl'8ﬁbi (ﬂﬂolﬁstangjﬂfuioFo'St el evat ed

tenperature in era t is another object ’of the

resent igvention to.discl.c th etail eg _

Pt CorT ot RrEMdBnd g aEeP & L pSah AL ERo A S TN nuHOET S0 108 2 °P,

is anoth Bj 5 of e pres . .nventjon tq disclose the detail ed above

ot hogt MetRE) S0 SR B SR s SO B e e R g BB B or e 32

hours. | tHi SptRRANNQHLsORkRCAKAfank BB MBS R0bstitR¥eRti.on to disclose the
detail ed above nmethod, wherein the step of effecting the cross-1linking

reaction {of JQcied: r tchiSr erNaRF egfps nt invention to
di scl ose the def g%ﬁggpgb%\?gioﬁéﬂ[ﬂ lod,@l% ér}éﬁg t E%R %ﬁe‘l%itﬁlgkﬁ \gg%?ftﬁl onal |y

conpri si ngs st.ep Lding t ' £ nQL. MY i he
ol ut i on g o pg B K a0l iR BLoRRMEL Bl iERA BB AEINTRIAMA P,
obj ect ofardhgtipnaiBenibsttawdniylpmd o di scl ose the detail ed above nethod,
wherein the nethod additionally conprising step of providing the oligoner

or anot heg? @Qﬂldbg_@lﬁdcinﬂyElh&tcﬁ%lzéltrf@lﬂe ML AN IEORGRN Alik 8dlc@bd BERfET-ably 4%
It is another object of the present invention to disclose the detailed

above netHbdiphatemeiatics. Keb- A aioothtigarnistiesnaid spndvngsions thegecodt mpvided a dryi ng
step at e &l fenpaiatlne | hob e of 70 + 120 Ft is
anot her gtgjﬁteag%{ P%ﬁ&ﬁﬁé%&ﬁ%@%ﬁ%@%ﬁ%hﬁ 8191&]{( dqgll(éé@pg‘glé&t %lé%%%%té‘lg?lgé% above
net hod, wheiei chibhenaeidoas aaddiitlico palvidedabamprticsi toth Rt aml R ops et ng t he
cross-1linking reaction cor}prji sing .reacting amne groups with nitrile groups
to form MREHREgH dapsoneaf B and Ko tihaet Gpj ect of the present invention to
di scl ose the detail ed above nethod, whem n the nethod additionally
conprising step of providing the polyneric sem perneabl e nmenbrane

conpri si g iP ShAAGT MR dfTthé Srdsbiur @b Edtionall ARcIHRMPE AR RAGbbRE nRBRIdher

pol ynmer conprising polyethylenimne. It is another object of the present

i nvent i onviaeigicdditiogelly prmpreting stepl obbwy i this g itifinetienah aphiee kringod

addi t i onal L, GONRLLR! N9, RO oRIRUL dispGophe cross- i nking react i on
conprising reacti nﬁ primary and secondary anmi no groups wth hal ocarbon
groups tdtfiormothen stgcand the pldsamtyinasitia ©rdisgsse thetdetsleandbhe metihjdect of
the present invention_to disclose the detailed above nethod,  wherein the
met hod addiereiBidditipnadbnsemerisige stcepiorlesting the daulgbimghanal cami fpeabl e
menbr ane {£ONQYL,SI N Ly nyd i 18,1 fa J : bltratl ane and
t he anot htgg (1)1)@%?01%25%] i s?#ngg%gﬁ%%%%éh?‘%lwﬁ i?‘%“'“%eé I%w(ﬁxﬂg%ﬁo ngséct of

t he presgnrtiyicnygamings, jobydngiohiokeolits, delt aniheodnathbubpohpdpiiedohyhias.ei n t he

step of' formng nanofiltration (NE).|ayer. conprisjng;
P It ?s anothier o I}ec‘[ of t[le prese.nt(mve tion to (Elsc(iosrépt[})e c{eta%ed above method,

g ahove r’rg}lhodﬂm\)/}herei n the step

wherein additionally comprising step of providing supplemental cross-linker selected
from the group consisting of 2,4,6-trichloro-s-friazine, 4,6-dichloro-2-sodium  p-
sutfoanile-s-triazine (4,6-dichloro-2-p-anilinesulfonie. acid sodium salt-s-triazine),

4 6-dichloro-2-diethanolamine-s-triazine and 4.6-dichloro athino-s-triazine.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood and appreciated more fully from the
following detailed description, taken in conjunction with the drawings in which:

Fig. 1 is a simplified illustration of an ultrafiltration membrane constructed and
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(iii) at least one di-, tri- or tetra-halo substituted diazine or
t hazi ne- cont ai ni ng nononer, oligonmer or polyner and, (iv) at |east one
mul ti functional am ne having a nol ecular weight in the range of 400 to
750, 000, provided that at |east one of the di-, trior tetra-halo

substituted diazi.ne or .friazi.necontai.nin n [, :Qligoner or polymer is
ngfll?\;e lﬂ.dCL(gl (igmcc wﬁhn!f%?rg%@dlmcmg%fgﬁt? rg’:'?%él %C’]@

. 1n G, .
not a di- o I azi ne nononer I'S™s on by chloro. It is

anot her obFgeRAGk alcb@ppfeesiftncedplenbinisiograpldb Seleas@mplenfdis ai | ed above
met hod, wherein additionally_ conprising step of selecting the diazine or
tri azi necoRtiiHratigneivirare 8k i@l [;gomer from the group consisting of

LN S Mo WL L DRIRTREIRS PPt o
i s i ndependknfiliyatmelrestiednadf ¥gch occurrence from 11, optionally
substi tut egig%.l J<X| an?l%dB%'ct Sllrcr)lrﬁﬁhlt,(}{ iIFulélt?a?tEolnts% %gen?ircgfl r;eactions which take place
in the manufacture of the ultrafiltration membrane of Fig. 1 in accordance with one
embodiment of the present invention and which produce covalent bonding;
Figs. 4 A and 4B are simplified illustrations of chemical reactions which take place in
the manufacture of the ultrafiltration membrane of Fig. 1 in accordance with another
embodiment of the present invention and which produce covalent bonding;
Fig. 5 is a simplified illustration of a nanofiltration membrane constructed and
opetative in accordance with an embodiment of the present invention;
Fig. 6 is a computer-enhanced photomicrograph of one example of the nanofiltration
membrane of Fig. 5;
Figs. 7A and 7B are simplifted illustrations of chemical reactions which take place in
the manufacture of the nanofiltration membrane of Fig. 5 in accordance with one
embodiment of the present invention and which produce covalent bonding; and
Figs. 8A and 8B are simplified illustrations showing the acid stability of two types of
nanofiltration membranes constructed and operative in accordance with a preferred

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference 1s now made to Fig. 1, which is a simplified itustration of an ultrafiltration
membrane constructed and operative in accordance with an embodiment of the
preseat invention. As illustrated in Fig. 1, there is provided a polymeric
semipermeable membrane including a non-cross-linked base polymer 100 having
reactive pendant moieties. The base polymer 100 is modified 1 accordance with a
preferred embodiment of the present invention by forming a cross-linked skin 102
onto a surtace thereof.

‘The base polymer 100 is preferably supported onto a substrate or support 04,
typically a non- woven or woven textile substrate. Base polymer 100 is preferably
covalently bound to substrate 104, Such covalent binding between ail structural

components imparts extremely high chemical stability to the novel membrane in
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R2 is independently sel ected at each occurrence from brono, Mro and

fluoro; R3 is independently selected at each occurrence from brono, chloro,
fluor, - N -1R5, -OR5 and SR5, wherein R5 is independently selected at each
occurrence fromll, optionally substituted al kyl and optionally substituted

aryl: 'lr‘{%’»é%? N@%é&q%lfé } g@dﬁéong ﬂpﬁs c&ﬂjc%;?é—g fe?@é,ﬁi%mﬁt@gt éﬁﬁ\ FyY\’her ein R5

is |ndepe each occurre I ona substi t ut ed
al kyl andmdstmcmasltioy, [Bedeatd mﬁmmnawvenmrpdesﬁ«i&ej mnipladaapeladcenxlklytzm each
occurrence [ 1-A-NH, wherein Ais seIecte fromC 20 aliphatic noieties.
C6-10 ar o%hl:\' AdrRiky. B mepbwmichasy Y bt Her-88rdingr ovi ded that at at

| east t WOCRGENRKEIRES 10 fofffed IR SRMCRA bARLBRNAYBNEN. suftaEe Sel ected from

br onoi oro an fluor, provi t'hat both 111 and R2 on
a si ngl e mefegabdy axclldes atopl wakte oﬁlmsepolyﬁchIﬁ@;dln&@aygtlsmmlci@tle olleri s anot her
obj ect of thed éf'sent mven(él on ]tsq cl ose tg Hcg}et ai ed aboye. et hod,
wherei n ad@PESIOWERPS oL SRR TRy b”c as GXBAeH SHGAER AT RRIEE Y ¥REFCnal  ani ne
havi ng a 156? Igglu{sq,guy\@ll[ggtl of in the range of 400 to 250,000. It is another
obj ect of present invention to disclose the detail ed above nethod,

wher ei n aal@n mpmhwmpg/of‘dmmm@rlngelmoeﬁiledfrlemt weenting arhprofuhblyf uncti onal ani ne

fromthe group co g\ﬁf*i/%lqllga ot ¥ é@y)l %glﬁyl%gepwr@%?%’%}/e (r)]:?{?’ /e

pol yvi nyl‘ani ines. enzy arn Vi A nes, and

am ne- nodinémnmechnpo Ihy egidhal vbysdni Neicrdflitratfonanehbehe P Red to@ﬁmﬁlﬁﬁn@r esent
invention to disclose the detail ed above nethod, wherein additionally
conpri si nyjits PeLss Bvipe avrwrals dupplcenbsieaer bapatoytitnidecrars. dBeRet r om t he

group co nﬁ{ﬂnﬂ ugér(it%f‘} g Etr 4é§4?¢f?1901§52f:515%215 &d wﬁll??g&gfﬁlg%é)]?% @%d! um

psul f oani l e-s- t ani |nesu oni e odi um
sal t - s-t rofamiaiie) corﬂpcﬁrednschet%oafsm%cwwtshmmdaﬁgmmespectelslhammga ragtdcular

4. 6-di ehl or,o athino-s-tria .. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present i WeAghkafdresdian abgat t ood and appreciated nore hilly fromthe

foll ow ”guﬁﬁutﬁ%liti%q :ﬂ‘?ﬁ&ﬁh&tthﬂ@all}@Jﬁ%?;olre”slfc%rﬂf‘i’ﬂ?ﬂ hifhe W ERickdiodibad ngs i n

which: Fig. | is a sinplif lustration of an ultrafiltration nmenbrane
const r uct eoarengterp el acinbearien agoooniany elagéifibd bnthesbditpemtetah t he present
I nventi Onépemﬁc sized components dissolved in a solution. This is referred to as the molecular

weight cut-off (MWCQO). UF membranes are commonly used to retain

proteins, starches, and other high to medium molecular weight dissolved species,

while altowing the permeation of simple salts and smaller dissolved organic

compounds.

Usually MF and UF membranes are cast from solutions of polymers in selected

organic solvents and have an asymmetric structure, as seen in Fig. 1. This means that

the porosity of the base polymer varies from a top layer 106, having relatively small

pores, to the bottom of the base polymer having relatively large pores. This structure

offers an optimal combination of mechanical stability and resistance to compaction

under hydrostatic pressure and minimal resistance to flow passage, where the

relatively thin top layer 106 having the smallest pores imparts selectivity to the

membrane. The operating pressure used in MF or UF applications is usually 0.1-5

atmospheres.

Base polymer 100 is preferably chosen from acrylonitriie homo-, co- and tri-

polymers, polyamides {aliphatic and aromatic), polyvinyl chloride and its copolymers,

chlorinated polyvinyl chloride, cellulosics, epoxy resins {e.g. polyphenoxy),

polyarylenc oxides, polycarbonates, homo- and co-polymers on the basis of
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F4 2A is a conputer-enhanced photom crograph of one exanple of the
ultrafiltration nenbrane of Fig. 1; Fig. 2B is a conputer-enhanced

phot om crograph of another exanple of the ultrafiltration nenbrane of Fig.
1, Figs. 3 Aand 3 B are sinplified illustrations of chem cal reactions

whi ch t ake |.ac facture of u fl| nbrane of Fig.
1in accorhg{ﬁlg(‘ cm’tcﬁm ﬁtl%ngeofﬂlp rji)te“%‘fm‘ﬁ leﬁi any Hvléen@)'llodwaand whi ch
produce coy@y@ﬂhmhm@lhwgne FoBfstefs (Aataftedihd dheatkdRd hicBdndy baigbssat i ons of
chemical reactions which take pl ace in the manufacture of the

ul traffitrhekedilionghthemouble hnmgs afferimeralpens Hamedons pelyiarideher enbodi nent of
the presen Fig. 5is a
sinplifi edﬁllu? p*\ﬁ&? ﬁ'f 8&%{ gm%lﬂﬁjgﬁ |%%6L1F?é¥ lylgs(rqlie}g!é%%st ructed and
operative pcﬂyah@ﬁetdam@omﬁhhr éherkolonek, @Blybleeﬁotgzifeecommae@tpdzweﬁmsl, on; Fig.
6 is aco ter enhanced phaot om crograph of one exanple @

nanofi | t r a9 @B? &HEd%f‘mr-‘hp@lypgcnqzwggolynwxsm depvatives 9# wﬁmbpwehstcd
illustrati YAl i uf acture of
t he nanoflllﬁ?rrg?llggﬁnrre ffnﬁe}g(gt'clj(n’t(p%.§ |tﬁ93%g§?ﬁ%i%ﬁ\?mdtaﬁwotﬁgg§%bodl ment of
the pr esengememl'lerixutuwfanhhswm;fdslmsq:ﬂmdad&nanmahmmnobcamdiangmat@nd Figs. 8A and
8B are sinplified. tlonssovm t he aci abilit two types of
nanat 1 £ Aoy HRCOUHET FiE RO A Bt e b sy diekSia T
preferred ﬂﬁ@l?ﬁtd?!feﬂt‘hc@,fanﬂfé@tePJ&ﬁ@ﬂhx&&Y&i‘Hél@/ﬂtw@Ea—ﬂ ﬁ#&l%ﬁﬁaﬂﬁﬂoﬂ\' OF THE
| N\VENTI ON Ref erence is now made fo Frg. 1, |ch|sa5|n’g

i |1 ustrat iioareade the nullnbelaﬁﬁdntlrganlp@nAmmﬁfam'nmh@mamme@lSta @Imap@fram ve in
accordance_w.t sent i nv strated in
F o L haPR SRR e Bl Rl € PUERRR o b BRE R Pk e Ui ng
non- cr 0ss-ddetaked base pol ymer 100 havi ng reactive pendant noieties. The
base pol yner /100 is_nodified in_accordance with a preferred enbodi nent of
the presen®elipliant ¢lomaehireriog plagicsasaroekwhichkae keenanentioneshayve, sur f ace

t her eof Thﬁ sBFRG 199# TBtiatd Qvk s R fa?sro%ll}’seéﬂ BRL ﬁ é‘[‘)lg?ra%)?a%ésr &te or

support 104, typic a non- woven Or woven ext su ase pol yner
100 is pr en‘uehabglyearmgqioejnﬁé:y atvopirbgsul fones, psltyediesul fodes, Slgphengsiafonns, bi ndi ng

bet ween al | tural nts inparts extre ne chem cal
stability R RSO0 PR ﬁ@*f%oneagvgia@g%(f Q@Y@Bgiegﬂdﬁgp%ﬁai%ons such as
extreme pH. gy r{ﬁ%ﬁyluﬁé Qﬂd@é)BS@BM&%E@I%&Q%(ﬁﬁétﬂ?pd?{mﬁl%@ﬁ)h&ﬁ)xygél?ﬁl%&ce of

organi ¢ solve pressur e, tenperature and oxldation s
Al ternati vféllCWp{IihBemnﬁr anpolydyylidegio fluerifle ewt ¢ eupdiymgers, polyolefins such

as polyethylene and polypropylene and their copolymers, polyvinyl chloride and its
copolymers, polystyrene and its co and tri polymers, polyacrylonitile and co and tri
polymets, ctc.

In order to form cross-tinked skin 102, base polymer 100 must have reactive pendant
groups. While the pendant groups can comprise any reactive moiety, preferred groups
are halogen and nitrile groups.

In some embodiments, the pendant groups are intrinsic to base polymer 100.
Especially preferred polymers are polyacrylonittile, polyvinylidene fluoride, and
copolymers thereof. Polyacrylonitrile is most especially preferred.

In other embodiments, the reactive pendant groups are added to the outer surface of
base polymer 100 by a chemical process. Polysulfone, polyether sulfone and
polyphenylene sulfone are known to have very good stability in concentrated acids
and bases, and are resistant to oxidizing media, and are thus preferred polymers to be
used as base polymer 100. Polyether sulfone is especially preferred. However, since

they do not have reactive functional groups, it is necessary to carry out a pretreatment
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Cross-linked skin 102 is forned on a surface of base polyner 100. The

surface preferably includes a top surface of base polyner 100, and nay al so
i ncl ude ot her exposed surfaces of base polyner 100, such as exposed
surfaces of pores in the base polyner as seen in Fig. 1. The nenbranes of

One oM PI W Oh DR REERIn DKRRL hNARARE B ELABLYNEIGL BOLLLrat Ton (M)

or uItrafl tration ran nost era nes.

general , mhmxeefmmhmmanMShratlon nenbranes refers to menbr anes mnth por es

havi ng an_aver age di aneter eater than about 0.1 mcrons. They are
Comonl v SEBGNO0 Y oIS a1 e bs R G HUPHR SoRACBOR ow ng
the passagg,@faemal | er conponents such as dissolved salts and organic
speci es having a nol ecul ar wei ght of |ess than about 100, 000.

U traf il t faOxadutioe wbtiwresaco/ it akidyntyaveh pazens dpizasmohivhr prrswfeyt 0. 1

m cron to, bou 5 nan net e anes are.c nly..cl as ied by their
2bi 1oy CBIPREAPY adpREPE ey EERE AeeeS hutE LB eSS On. T Thi <
is referrgfok@, & KBRpROIWEGULRtheWBEEPan€ BEcopids abIMMKLY o VR ITERIRLARES are
comonly used to retain protelns, starches, and other high to medium

mol ecul arohgepsgHinkaissgih hé;(h MH\%BEE@HGWW(&&@V%W ng the permeation of sinple
salts and I 0, II menbr anes
are cast $$g?§éﬁlu Pgng 0 %tgf%%e %m%;%@ ﬁ ed org “X@ykﬁpgggitg%nd have
an asym‘r&dubs@l}uﬁhtﬂ)urhhttt%@mmm |eety ¢fmnihgand hyd[ht)ﬁl rémanss, hRebhtrbieepor osi ty of
t he base p mer varies froma top |layer 106, having relatlvely smal |

pores, d“f‘%ebﬁt¥6n1of t he base pol yner having relatively |arge pores.

This str ability and
et st ancg oo R e bl R BB 1 e st ance
to flow psealye, inhhBrRath &o: 6024/768) pcirpomtdddprdiaperefibehavi ng the

smal | est e ts ele tivit o.t he nmenprane., The erating pressure
doed i n N BRdicE TR BT hioreied sl Gph 6F SUe Rty HEPEL * BOSE pol yror
100 is prﬁmﬁﬁ %mghgagwfﬁbppwa@rylonltrlIe honmo-, co- and tripolyners,

pol yan des (a atic and aronmatic), polyvinyl chlorlde and its copol yners,
chl ori nat €9 Cbtbblymt’:thyds effiheduteng cedricty bHRICEINabpoxys prigipalys(dongs

oL YD B A 0 YO ol B 0, P 7 o

pol yvi nyldreage Elbdarkide sulbsdayibetsuah ki men@aicyh andlosil a@gt.Br.s (saturated
and non saturated which may be cross-Iinked througgﬂthe doubl e bonds after

nenbr ane R%W%@?@dn%?PbBPVFhﬁﬁbs20ﬁ#b%&%@@?@hﬁﬁ@ﬂm ajioniap srrasongsoiny et her

sul f ones, AL f ( poloyet rket ones,

poneIeet?g?JYed%%X%Fé&gggﬁ 33%%1 fpﬂ;EpgﬁggﬁﬁﬁV?§r§6ﬂ§éﬁf?%§: and

pol ypt i enomyuqaro bhyimeition dﬁdhﬁxdﬂlahnmt asvasthed heMa Do Gaiter 30 edutpolyyandris whi ch

can be g’ Byo asymetrjc ranes erivatives arﬁ general |y but
u

. .Suc
not excl nen Tl S0P *fléﬁa{tl iR ol ?1'9?‘&? ngROBMATMEREHIGE 1B RuIng
car boxyl WA , nation),
hydr oxy ﬁg#%gﬂa?éghﬁﬁxﬁgﬁiggn3ﬂLE?Zr§XK$Pﬁ“gﬁ%ggﬁg?g?ﬂggé?%g?ﬁeggﬂ]and
partial hybrolcgsPeidin grogrsenseacht Ifmectrrmnhe& pcdf,'memdn@rbmﬁ@ eXAEry)iﬂ;rEt ric
menbranes_may. al so be.made from tu t han on e.g.,
ol yi my 1 MIEHE PGSR SR RO ERYAC. 2tk &y WOREE P ORRTORLY B Eg! neer Png
pl astics, agQRr9bf t%h?dﬂohﬁvl@thgpﬁﬂi lffl%i%ﬂy@n@@aﬁp%oxﬁhc%ﬁéﬂcVQGulbsfhl@ppr opriate
sol vents may al so be used ase 100. Exanpl es of “such engi neering

pol yner s theie egel anduthesdes vatpeh yaiqmiéxlla‘l @n?ésbulﬁdﬁ, ylptﬂ\éng@liswlfa@des

pol i m ety Pk AR SrtEl® DR Oma PR BT 0y am des,

phet i oxypﬁétmraresi,ud I'ilulerb@mhmmepcslyaufdmasenﬂﬁhxyeslcmydrltﬁﬂemef $.Ipaeik e, and its

copol yners ol efins suc ol yet hyl ene and poly ylene and their
Sopol ynerﬂséwgbi%@ SN Rr L7 A08 sk S Boh RS, ool 9LPYHERESand | ts Co

and tri vg?fameptxgﬁfﬁvgogutjbé %3@%?1‘350”@@@0@ fnc&?)b?\:'l@&f l%ne?él?nccl n order

to formcros ed’s ase poly ave ‘reactive pendant
groups. \Weidie. Ahetipetictanty gf dupsngcanmatopslyseranypecialie pblysulimicet v,

preferred groups ar ogen and nitr roups..In so enbodi nent s,
pendant Sy i?"'ﬁthr*!%atlalftwl%a@éllb%ﬂqy%rdcxitmf?aiz%a: esFyile flpmgl?eer r ed
pol yners @@ hROLYACEYRRI trife, polyvinylidene fluoride, and copolymers

t hereof, Polyacrylonitrile is nost especially preferred. In other
enbodinents the reactive pendant groups are added to the outer surface of
base polyner 100 by a chemi cal procesg Pol ysul fone, polyether sulfone and
pol yphenyl ene sul fonc are known to have very good stability in concentrated
acids and bases, and are resistant to oxidizing nedia, and are thus
preferred polyners to be used as base pol yner 100. Pol yether sulfone is



step in which reactive functional groups are attached to or grafted onto

t he porous surface of the nenbranes. Sonme non-limting exanples of chem cal
reactions that can introduce such functional groups are: (1) Oxidation of
the surface with oxidants such as ozone or amoni um persul fate, followed by
a reaction~w.th i iQnal s such _as rivatiny f.cyanuric
hi ortde. FatBaRL it WOELS R ERAEL R DaR R eths B o
subsequent payepr, ofithcthe sactivapdnagnigdblpshinghe MMRElof barnidlpnead mbone) . (2)

Pl asma oxi dation of the top |ayer, whereby -OH and -001-1 groups, which can
be subsequ@HIRET PERBYEYT Gt b % camraupd Hiat spR Hactamidh Mgdeasiiy e pelst ant's, are

i nt roduced..i,\nk; AL . e Wols - di to aryl
pol yrier s acord: oot oy men ke RARRRAhy heiglnRe BEbaITREE AB ' B
i ncor por at gtechelr feorn poyhare bairen eonddrd pnRadawblhydys-af rowgsof vi nyl noi eti es

whi ch can subsequent | ound to cross-lipking pol ymer such PElI or PVA
(5) Cther i e ﬁ‘ECYB‘gME‘i“HBE"QhS‘a?‘FBf crgpd alHEEto PRhyssipeni Bt

pol ysul f onggsppfiiyonedby the literature, such as carboxylation,

sul fonation or eléctrophilic aromatic substitution sulfonation, such as

ment i oned Pne m thosivepieanelo L whkimpiydh egarous Joludpmd, theRolymer 1Sed to 20 p. 1885
(1976); hal omet hyl.ati as _nentj.oned .in,A. rshaysky et.al.. J. Polym Sci,
bart A Potgm Ik D8 pEiSuys Mgty o tiaRes Shoesfh MR and

bromi rt at i gpr@sateeihhi @8eAlihkEANVkinD: 02Qdh e, beQornfet @4we /RFHISphddic A Si mon,

Pol ymer, 30, p.l 137 (1989); chlorosulfonation as nentioned in Quing Shi et
al . J. of nrBeaselomgias tielydsaphpbicomigner gapireach @gth the ecartiveopgndanit ed her ei n
by referen engla in such functionalize polynmers nmay be, for
exanpl e, s%ﬁ?%é; C, gég&?lglﬁlgggﬁq'oni c groups, carboxylic, nitro, hydroxyl,

hydr oxymet Rylerciestiensy ande &b Ky 2A0vhidhds By ehpakyaridnytd piadohicdsgaptal kyl and
hydroxyaron}:ati C group? and their ester and ether derivatives, haionethyl
groups, sutfangéexamplg of greoupriiratiny memtsancotetie-ol - The mambrang shopa in

acet yl eni cpigPhespbASs fRflRERIGNASadRRASPRIIRRE: n@BbAC 8Ph AXhAgd et c. The
substi t ut edlgpol ysquor?é)B%nﬁeranés aes1cri ed ?Aﬁl %%L%%Patﬁt nﬁ’)%ﬁ%%, 159,

U. S. Pat entxtNe suldstaicAnde$ovam.dl ba. cridsrlstkadskin ieforaded by Jeactibn B6l ymer Sc. ,

Part A: Pol ymer Chem stry,. Vol,. 28, 3303-3315 (1990) all incorporated by

ot er enco TP S PR S has R B brrat | ¢ polyior o,

especi al | yr@eleysdisienemp®! 8L B, Svilivh Ism%olﬁ?ﬂmlhxﬁ&aipﬁatoﬂn@l-ogﬁpﬁ%ﬂuent _
derivatization as described in the WarshawsKy reference. Cross-[inked skin

102 i s foranethebyxarede ol hy wWinaloltagonmembrangelf g rl, Thisefenlabhycanpisey mer |,

with the reactive penda rou on the surface of base polymer 100, The
ol i goer dEpors RefERER e B4R PRa stmee R S o B Bl s B ve
pendant el (£BigOMB tHe iHasempRhy IRlsy mibiad) adesas kive iddigsRlgl fiie Of

pol ymer has groups selected fromprinmary am no, secondary am no and

hydroxyl debapde msniiarsip eabriteis- and pol yvi nyl al cohol are preferred

pol'y Mers, ]?)paq?pﬁég M‘%m{#\&&hﬂ} anila%ie%ﬁa%ﬁxlaﬁl: EYOcﬁalé?fiz%l{l(?qubB’ll?-H*tle-ég Pe

conveni ence of" wor Kl ng Wt aqueous sol utl ons, he pol yner use o form
cross- | i nkedvERI KL 02smenigy Sfparkibog (BIWEr 4pioi J0KY apd ISypeHZ-Fowever, it wll
be appreci that cross-linked skin 102 can also be formed using a

v ophob O §0iG 8 st 7 3 GENGE SRl VBP0t et i th ¢ e
reactive npgRdantiom aRs . 1@R?Qucpg'f?yaﬁiﬁrmli%nbr%ﬁésggo%gﬁ bSNAQY dRde to Fig.

2A, which I's a conputer-enhanced photom crogra exanpl’e of the
ul trafiltrifth eml Xebbovamel €bclFi g. 1. The nenbrane shown in Fig. 2A conprises

olyacrylopitrile as the base .pol r. supported op a non-wven textile
Subatrate (HdrcaREiRarc SRR HaLy ¥ RRE T8 RPHOREoR R atoBy O Kt on of
pol yet hyl epplieiRnW Judh hien ey &GHHELAMORS idcﬁldg,aiﬁﬁerraﬁh,mahceﬁf;tﬁlﬁﬂ,ce i's now

made to Fig. 2B, which is a conputer-enhanced photom crograph of another
exanpl e oftubdiels andihollaw dbbon ! hebesars! Bt sheegs arg prafhiablyrepbertadeorconpri ses

pol yet her f o as_the base pol yner supported . on non-woven textile

Cubot rat o, T4en 208 a3 bieRPy SRR p A RE HHL A Oikuh SRLRORE P SN O

pore size deRehBaabN@phsiedn. tihe nbapvdken b orenenalstfat kemaad som
polyolefins (e.g. polypropylene or polypropylene/ polycthylene, polyesters,

polyimides, polyamides, polyether ketones, polysulfides and inorganics or glass or

15



Exanpl es of comrercially avail abl e nenbrane products include Abcor HFI C 131
MACO 10K, Osnonics Sepa HZ-03 (MACO 40 to 50K) and Sepal -12Z-05 ( MACO 2K),
Desal E-100 (MACO 35K) and E-500 (MACO 500,00), Filtron Orega 300K, 30K and
10K, and UF and MF nmenbranes from Sepro, Nadir, GE, PCl, and X- Fl ow and
Koch. TheppihLapas. are commercially available in various configurations
for various applications. Such nenbrane configurations include, inter alia,
fl at sheePusor arubaibranet abebefigirechth chimbtidar forberfspirdher plateesndifdnkb at sheet s

are preferably supported on woven and nore preferably non-woven materi al
but tne. + g BeSHERS o BitvB s Reer o« it qunePirg Ao s Rar RS The

NON- WOV € Ny@hbAYEIhRbANEA S MBe BRTAIGHRRfiz RAlNR! RhUNSE Bafle POl ypropyl ene
or pol ypropyl ene/ pol yet hill ene, polyesters, polyini des, polyani des,

pol yet her ppmensesrapish pediinorgies madbé fomdamegs " dandgbels st ndustriek al

mat eri al sy Prior .art .nenranes sconfigured i Amdular form.of spirals
o o at o< s SRTHIRNER R fuREy b e phe? Rt dhile R of

nmanuf act usfahemblan@&YAmGEbEY"C VRO GUs:, PBEBIIB e S9N d MEHWa8ss fok hdushial t he
di fferent configurations, nade of owr}lglanl c_polyners, ceranics and inorganic

may be f oBAUCYHEITCERVErFRIMUISHEK, Dmanniidd & PaiceNegpeeds), Egevisbot t, El sevi er
Publ i shergs,,,. Sect i 2.1, p.187-269; "Basic principles of nmenbrane

t echnol ogéh‘?p%(ﬁ/lth%gpjd)ér, p. 465-473 (1996); "Menbranes for industri al

wast ewat eRefemacy2nypvanddd Uides. 3ASInIdEB, uldeh & Bmud#icdeaflfierasions ¢fds) ,

El sevier, Chapter 2 (2003). Reference is now nade to Figs. 3A and 3B, which
are. si mpl SETET Feactiet yir fke grace i ed%llt&%%‘ﬁpgﬁ@l&h@féﬂa&@ke place in the
manuf act uhemBfant BEFI § 1RhddotdaALE RN TRIHBNANG: 06T (e BresdntiiflARGREARNCE Wi th
enbodi nents of the present invention and which produce coval ent bondi ng

bet ween babkieh poldpnecovadiint amadiicg betseet baskedlwidrd 00@gd cithe lirdad skion i s
preferabI?/ initiated by i mrersing the nenbrane (nade of polyacrylonitrile)
into a so_o&ti on of a polyner with which it can react (polyethyleninine).
The reactiigreh&ioRli€hRIAIbLY iGiahich 8d iRHerdty SeYahRdnd @ARRIAt Ure, usually in
the range 50-100 C,preferably in the range 70- 90 C. Reaction tine is 1 to
72 hour s, pPyastdeaibily) Bia ps@ntidipeirapolymeewph efhéthabran 1actt o 20 hours. The

pol yet hyl enj.m,n _ lL.ution has a concentration, between 2% 10%

Cpr of er AP VAU Ry a7 Y a (Yo RpERERERHH Bl UDB i hdinsen 20, 000
to 750, 00 uallhpway emgpsDVIDEr s, pelidrases theattheeMenmBTEIReatti@aing i@nm nes can
be al so used according to a nmethod of the invention; in effect the

mol ecul artowditghis: PEfablE ario S8 herts merapisfcsauhBé 20 Bewra00-1 mi I 1ion, but

pref er abl Vllx{ﬁ}ﬁ}éﬂ?%ﬁﬁ%l%([%j Qnﬁtti(jnshalgf%tcgﬁ%tzgggn betee0 99 (01 onal ly, the

reacti on na owed by’ a step o ying at el evated tenperature,

usual | y i(prdttveblyadgein 2eud2 oG eup sfodglalbl PEI iv Higle(heanga 28000000 C, nost
preferabl%/ i(ﬂ) Brge range 90-95 C, and desirably using preheated air or other
gas at suc-4{inierar e Ry Mars oI RING 7R SFBH FHICATYINRG A RS 1 - 3
hours. Thgedhy¥dotding k&R niethddBINd R0En Rl fcREE A A8 i Wdisht Y& hon the
surface concentration of the am ne confaining surface i ncFeases, chemically
modi f yi ngeovhieths whodrcengn iomciii0elintigion, thit grefaably dbemdiasiat weight tr oss- 1 i nks.

After this_ ste h ane | ol vent st ahl nd n_be i r.sed in

2 rost - and SeTCRE 2RO GR0Ew by 20 Yo B Y= SEn TR RER: ' The P
layer t hajlevaes! to@pirathenisgaly i thd faagheol 1D0 *ChereRAMIS Ui fidemgdessosiipsequent |y
reacted with a cross-1inking species dissolved in aqueous solution. Then

t he menbr#nérassp@fqrally fpthe rampeiin? s Grand degmbly uging prghegiechaijaseider wi t h
distilled,w hereafiter~it i:s. .l S P support

menbr ane \g?[[ %??%ﬁ'%&?t 3{)03‘5;\5)? Sfﬁg%%ﬁlglﬁefg?ﬂéﬁlbﬁnggtw%n e% (Bg'HiSa, NF, RD and
PV. I n a diddreimgnrtepdshoghrmmntincd feord@etol tha ifvakieen theaadact room
tenperature. However, the result is a skin with a | ow degree of

cross-li rﬂ@i"ﬁﬁ]‘Y“F‘P@P[ @’ﬁ\)“mﬁge B ERE St*U"‘“’E"Hé‘”ﬁPﬁﬁs «a@w@éwocw@%mm nki ng

achi eved Ryfatind RARYAN fbh 34eicclEhdy ciblosshHsIe86ARisQfopihosS- | I nking i s
al so affected by reaction tine, dryl ngv condsl tirons, and t g nol ecul ar wei ght
and concentmatnon sofvenhgaldkiand pal ymiermersdin dimosgtdy solonnttwitlsunt beicg

modi fi cat|on t hods enpl oyi ng the ti oned pol yam nes, the surface

o 11 catdeSiota: haucedh e tullter e BT Ry B R e Bt er s and

ol i gomer She PUN s AMCP R VBEAYEnAMAGSd wRTANQoHaTdYAL du6its Bfsstyr gne and its
copol yners, and pol yvinyl al cohol and its derivatives. Derivatives of these
pol yam nes can contain sul fonic, carboxylic and phosphoni um groups to nake
charged and anphoteric nononelic, oligpnmerie and polyneric nol ecul es, as
described in the above patents, including U S. Patent No. 4,659,474, and

copolynmers which contain different groups, especially polar and ionic
groups. As described in the above patents, the polyam nes may al so be taken



In addition there are pol yphenol polyners such as pol yvinyl phenot and its
copol yners. These polyners are reactive, not only through their -OH groups
but al so because they have activated or electron rich aromatic structures
whi ch may readily undergo eleetrophilic reactions with el ectrophiles such

as fornaldeh th noI| s on.a pol yner
ol o e hereRgs iy @ ho RS ek R R PR R st R P b uBaDoe o
both the amhged US| cAnshréNedehQe4 i i ik k€ddy a6 94198 hea UIQMPort Si M | ar

systens based on thiophenols are also included. The reaction of vinyl
pyri di nes @ﬁ@b&ma iferavasions ypas ef wempraas st as inderctlissNF) Rkead RVhsol ubl e

copol yner, t t

Copol YR, 1AMl UAASH AR, HRSEAURNSIEL AP Mot AL AR5 e RS

i ncor por atieshlhgraaikin Withnaberdepee of cass-ligkiug €Fig! @Ayrmb;fpybséchte tlwhl@ace | ayers
in enmbodinents of the inventjon. The reaction hetwe

pol y- hal o ee‘lf‘:(‘é%ﬂé’(lﬂ*&ﬂq ieygyl BY ghe 15pAonR6HD§ (glgk%") a[r%i dﬁé“r‘f??f or gani cs
wi th pol yf (o) f d | ow

nmol ecul ar ﬁg%% ?&ﬁ%ﬁﬁgﬁn gcgp%ygéﬁ{@?gﬁ% pr%gégﬁgﬂmr%%%?§gﬁg§u rl]tlo iC
and an|on|we@bﬂymbxmzaﬁmﬁnnahdw&bndmﬂﬂatmem,polynerlzatlon systens may al so

be used to nodify the surface | ayers |ate meri zation em cal s
and proce&t‘]‘r@g t%#é" REdG modige %Im‘?tg%ﬁo‘fr@q H%HFT é"sﬁmkm@f@sp‘g%si bl e,
vater is thempe plalf@forpeine®hibe @ﬁ@%dla@@ﬁﬁ@@ﬂqefﬁﬁw@w%ﬁérg@ﬁa on
procedures of the invention. It is inexpensiVve, e to handl e and has good

sol ubi | i t yolposyses, ﬂtfélsabe@bmmdlawn@m@m:rtmlU@Wﬁsmé*ﬁtyser@rwdum copalymers,

concentrat% o Kpgl %ﬁ oflqﬁg<%:v,§v ntst ete p1 e of reactants
that will B8RP dom8LArhE et eﬁp PEE VY 0{) F§Fn%°rl¥38“‘88 SOFERPY and
reactants ghfonie} cﬂ%@tk%dgﬁ@ﬂﬁdnﬁﬂggiﬁﬁpﬁo Bedhat detiandl BmipBbRFic t hen
solvents can often he added to inprove the solubility in water. Appropriate
wat er m scinBremelis, ¢BEEeGRId Ry TRe BRkcUles s slseribed ks sboYesREhanol |

DVF, NWP, Hg, p f C t is at
sufficientﬁy§ﬁhlTégn%%ﬁﬁggiﬁgﬁ?zﬁﬁﬂmaiﬁﬁgﬁgﬁgggﬁgﬁgobﬁe %%@g%%gﬁﬁﬁ%

struct ur e @pedisly ;mimpreﬂtwms gréupsadlsii¢scribed ineths alsdvaqrtents) se-goilynkiings rret hod
can be perforned nmeans of Evﬁrophoblc reactive pol yners that can_ be

di ssol ved T#& @ﬁgaﬁﬁ&% hREARE A ac s o) Pﬁib\é‘“ﬂﬁ@“ﬁslﬂﬂﬂ/ﬁl%‘%lﬂaﬁ‘\es I t
i's appreci@l&flyhbat [IJCHS:"{MH{%{@ cOhP&Inds Bath Mﬁﬁoﬁcﬁ%ﬁ?ﬂeﬁe RAYNTRORcafTRYe P

enpl oyed. For ‘exa pol ymers® whi ch are presen aqueous sol ut on as
aqueous di @gmsnnmpiastmscﬁ agsn@nyicdysofeney pslystbelesininss amigleriahseesod used.

Ref erence | i, W/nade to Figs, 4A and 4B, which are sinplified

i 11 ust rat | SHRERDHEUREDR cal reacti ons which take place in the manufacture of
the ul tra-fhiddtftdhitie ﬂﬁ:‘”ﬂ?ﬂﬂﬂﬁn@lfpdﬂrge:s%uémasqﬁﬁw Hﬁﬁ&ﬁm‘%ﬁd\téﬂnm her

enbodi ment of the present i'nvention. hi s enbodl nent, base pol yner 100

conpri ses @@Wmmylhhdwlfmr@ﬂm@a@mmt ds theerezhoheiPARH groupstiat slase of PAN

and ' W |rec tlon th P QECHr S on t he
Surface farerag tevdPufetls! SaTRl i arubits yodhr& TR BayPSE ) teed
menbr ane vmricib;gumlampmlabedctzbys with @legabplfiles @ty BrmdlBéisyde $r athgir pri si ng
out cone, since, according to the prior art, in order to achleve sol vent
stabl e merichiyges. Bepidecphivgslic BYRIPREH ppabines shansthescagr albnbe el entire bul k
of the po'a\ﬁﬁﬁ& \ghlﬁﬁquﬂ&?rea&li\?c b%rcal co?%&thstﬂggr%ﬁ{o FBPI%I aﬁ)(mh}é :I(.%W
reactants acting I n presence of swe agent's b Cross- K"the entire
nenbranelnmmmmﬁmmbgmmpsEnmﬂnpgm&nmwﬂﬁdoﬁMm@ﬁmmdaa&ﬁﬂmnhﬂuﬂhbIpbesent

i nvention, the use,. of hi.gh nDIec#%ﬁr PEI chenlcally react ed th the

surf ace of‘c%F“ﬁBrO Yinybryddingq andafibple pasaniceapeyn |%1rﬁ‘”t‘éf°?5ﬁb to such

treated ”ﬁﬁﬁﬂ@&@c&&ﬁﬁh@ﬁgh@HmZHﬂdQ%b%E%mﬁ&m@a&&ﬁ@ﬁ1§@HM R RM GesS0! vent s,

It will be appreciated that t sent invention rOV|3es a significant
advant age rpm@mspmgzr@ilgm 4si cbambcslamth@spatmumiaanéf(ﬁéﬂaﬁ; ingorpheamiddaidiy st abl e

menbr anes Si ng conmerc e pol‘ners asting .formul ati ons
T monor dvetetent. GOTRE Bptudy s SR BEEi tabefaRbl Bt thot nodal oy i t
i s possi bligvd@iohakie: @a&m&ééﬁ'cl:%ﬁ%ﬁ%ﬂh@@g@nz&éﬁe@ﬁeci@ﬂy@%lﬂ%%ﬂ made from
PAN or PVDF and by u5|ng t he existin uncti onal groups on the nenbrane

surface, thomonmadiit dsfub'h*lm'iamamesvztﬂﬂmdfﬂfgmtgpnsbammm ancelidgeant W/ MP
menbr anes b sur wi t.h, a ric reactant. After
noht evt ng “COROERE AP R PR RERmEY o hePRaliR b8 EREMNe can be
exposed to many additional reactions if required. Such addition of
functionality sonetines requires rigorfys reaction conditions in organic
sol vents and coul d not have been performed effectively w thout causing
structural and -functional danmage to the porous nenbrane, prior to
obtaining the nodified nenbrane in accordance with enbodi nents of the




by organic solvents. For exanple PVDE is known to possess good stability in
an acidic environnent, and, by nodifying by coval ent attachnent such PVDF
menbranes, a conbi nation of acid and solvent stability is obtained. The
preferred use of PElI in the present invention is based on its hi-or-

mul tifunc ter, whereby it may performnultifunctional

attachnen leﬁnéh I.SJE%%ZN PVDF and ot her derivatized nmenbranes, by

cross-1i n@utmgnct xmctztmzomupaﬁ:lame;uath:elrmmconmmaitwmgalymemlltmhagmcramdmgr eating a

reactive layer at, the surface_ of UE/ M- nemhrane renderi.n eactive
Wi t h subs@&ﬁg Pﬁefié@é}%ﬁyw%%ew‘%ﬁbk%%ﬁaﬁ@pﬁﬁwpfyw&'atégﬂ ﬁ‘%ﬁ?mﬁig%“ eactive
groups, i mbédu@&sﬁ»é Rh&wi 0 graft chemcal functional groups onto the surface

of the U M- menbrane under nmild reaction conditions and then subsequently
to react aspullyratiiyberapactcaintd, wihete tossiblenwdief isdte mefbraineediiimdounder m | d

ti diti i 1 b t hi
oo SRR s R R £ 2toh e s BRRG QR T R e v
st abi | i t ysafF@rha8¥RMAH faLES I PAUNERNREpStdsf Sp&lal BRRANE SomPahen® £c known to

have good aci d, base and oxidi zi ng stabl i té{tcan be reacted on their
surfaces WP cangRstptien. |Télertlé9@t%@w@0m50w@m@r emiisduetyphehicoalehy st abl e

nmb d
pace ana 5oy Wl 341 EOARRLRL bRt R RSt Bipo B e R r iRt 8

subst r at esotthave e odedidnggeetol gdﬂt:&ﬁ;t;@hﬁ&@tc@ﬁhdﬁ%ﬂbfcmeﬁn sfehbasddedryapor ati on
(PV), nanofiltration (INF) and reverse osnosis (RU) nenbranes, where a top
PV or NF Brexs thagelnbiligain waiey é\cﬁpf@xaﬂq Waeifauﬂséqlwlwréfatnéwdﬁgcqt%%t ed on

the UE S%Q%ﬂ%l Jﬁeﬁ%owﬁo@gﬁﬁﬁola gﬁ%boﬁﬁds%er es?llf@%an'%“&@ chﬂ«ﬂ%’d pressures

t han those use cations. "Typical operating pressures
are in th@'ttrthalgecictitioriﬁs—zn@uﬁﬁ‘mrwtly rhow hmd‘dﬁnapmsmndnmﬁmt dmnhgmhd@@obar s in

the RU ap atl ons. As a result acti UP su rts mechani cal
def or mat |‘8 OIS STUREE 4N Pb%ﬁ%‘évsd]g‘r%@ H‘E ﬁ%f}“&{% ﬁﬁ@é‘ﬁ) Bg'ﬁ’gb’é*‘t F* he
differ emb@@eﬁ?&m@nﬁ by %qufq;y@wpm&nm&%%ely%@p%g candR &%We@ﬂﬁfs and the

top NI RU | ayers). Reference is now nad Fi which is a
sinplifi efda,ilmb sglverds wrchafo ot damegaithe Ath/MIF membraass Ibleﬁspnceu@teédhzand
operative_i,n_acc qb odi rrent of sent_invention. As

PP laty ace TS B RSyt s e BTDORH TR bt REs EoR Sy Tt | o

nmenbr ane pdlghbdivliclfad @eseiitdn Sghdonk estulias & ARk IRdisfddomavihdhthst eact i ve
pendant noieties. The base polynmer 100 is nodified by formng a

cross- | i Hedsions o stepensions mavsilpd beesedher eof A nanofiltration |ayer 108 is
formed Ozlﬁéfgl%né@ﬂ n%gf ha%s th-]CIU r4gs d 4d Qvl% & 8K Ene% dlﬁ@ﬁ igQd ygrer 100 and

cross-1i are erabl y as escrl cr elna ove with
r ef er enceclicmidal gsictidns-wkibh tcﬂdarpm‘a,elnt thatmanficayebf Hedilgsfpaices at | east one
di-, td- or Eetra hal o.substjtuted diazine or triazjne-containing nononer,

ol i goner BEMPEAGREFIE. A iyacordasss Vit gaothar smboshrenigidhe pigsons R0y a
nol ecul arLlY\mlbqé]ﬁbdd?mEllf'tebéqS@gggm%l 190Q0LBri zég:vo%g@n 1Ry hi&shd @atp@t | east one

of the di id- or tetra-h substltu I dzi ne or triazi cotalnlng
nmononer , iobtegboeRAlNr pol yner |s not a di- or triazine nonomer which is

substltuteg onl ﬁg BL W@ tion I 108 opti I ri ses at
| east onePdBipf é ﬁf\ a%¢r'o b F‘“"br B gb%eaé%%g’ thgﬂﬁs%oyf’ﬁfé“ , tri- or
tetra-hal &cﬁﬂét@}%tthé sirfde %[ﬂ?—ih@ﬁ Lﬁélnkﬁl'iyagélﬂﬁicz@lﬁtsﬁibﬂiz@g ﬂi’iﬁ)ﬁ@@&ros@rml@d' gorner
is selected fromthe group consisting of:

membrane with unique stability in organic solvents. Tius is a surprising outcome,

since, according to the prior art, in order to achieve solvent stable membranes, the

cross-linking reaction must occur in the entive bulk of the polymeric membrane. The

prior art suggests that only low MW reactants acting in presence of swelling agents

could cross-iink the entirc membrane matrix. However, surprisingly, in accordance

with the present invention, the use of high molecular PEI chemically reacted with the

surface of a porous UF or MF membrane, is sufficient to impart to such treated

membrane outstanding stability to a great many organic solvents.
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[t wiil be appreciated that the present invention provides a significant advantage
promising significant savings in manufacturing chemically stable membranes by
using commercially available polymers, casting formulations and membranes. For
example, by using this novel fabrication methodology it is possible to take a
commercially available UF or MF membrane made from PAN or PVDF and by using
the existing functional groups on the membrane surface, to convert such membranes
to highly solvent resistant UF/MF membranes by reacting them on a surface with a
polymeric reactant.

After achieving solvent stability in this manner, the modified membrane can be
exposed to many additional reactions if required. Such addition of functionality
sometimes requires rigorous reaction conditions in organic solvents and could not
have been performed effectively without causing structural and functional damage to
the porous membrane, prior to obtaining the modified membrane in accordance with
embodiments of the present invention. A more detailed description is given below.
The membrane may be treated, prior to operating in accordance with the method of
the invention, by well known, state-of-the-art methods, such as cleaning with
surfactants, use of surfactants to modify wetting properties, annealing by heat
treatment to change pore size, and/or pre-wetting with solvents to which such
membranes are stable. According to the approach disclosed herein, a polymeric
agymmetric or porous UF/MI* membrane that already has good chemical stability in
some environments may be selected, and by modification, good stability in organic
solvents may be imparted thereto. As a result of this approach, the general stability of
such surface cross-linked membranes is significantly improved. For example, not only
the solvent stability of PAN is improved but also its stability with respect to
concentrated acids. Whereas unmodified PAN membranes disintegrate after a short
period of time in 20% sulfuric acid at 90°C, and would be dissolved by many organic
solvents, after processing such membranes in accordance with the methodology of an
embodiment of the invention, modified PAN membranes that have a combination of
good solvent stability, compaction stability and stability in hot sulfuric acid are
obtained.

The methodology may be adopted for achieving polymeric membranes that have
enhanced stability in complex environments, combining resistance to attack by
organic solvents and by aggressive chemical conditions such as extreme pH,

aggressive oxidizing environments and the like. A polymeric UF membrane support
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R2NRsNR2, RI1RI wil 1331 N-:-R2 and R wherein: Rl is independently

sel ected at each occurrence from brono, chloro, iodo, fluoro, - N TR5-0R5
and SR5 wherein 12.) is independently selected at each occurrence from H,
optionally subst ituted al kyl and optionall y subst ituted aryl; R2 is

| ndependegt iy kg&gﬁg} @ﬂe% abfift @9{9%5 (95@1 ﬁ?‘ (fﬂ?s mglg b@5Qectd HQJ O

N}-1R5 -0 ected at each occurrence
fromH, Q}ﬂbdlltfinabwows:ummthaiﬁmdtai é(;dlfeaadfmﬂ)ﬂvmmaubyonssmﬂmt dftdrelk aryl; R 3

IS i ndependentl sel ect ed each occurrence frombro | or fluoro,

N- 1R RVARARA SR Car D 1) | i cesyebiaenpososey Ryl

occurr ence%afrfspcmack
by organic soivents. For example PVDF is known to possess good stability i an
acidic environment, and, by modifying by covalent attachment such PVDF
membranes, a combination of acid and solvent stability is obtained.
The preferred use of PEI in the present invention is based on ifs bi-or- multi-
functional character, whereby it may pertorm multifunctional attachment to, e.g.
PAN, PVDF and other derivatized membranes, by cross-linking to the surface,
thereby modifying the surface and creating a reactive layer at the surface of ULI'/MF
membranes, rendering them reactive with subsequent layers.
When the membrane matertal does not have reactive groups, it is possible to graft
chemical functional groups onto the surface of the UF/MF membrane under mild
reaction conditions and then subsequently to react a polymeric reactant with this
modified membrane also under mild reaction conditions without causing any damage
to the membrane. In this manner, such modified membranes are imparted with
excellent solvent stability. For example PES (polyether sulfone) membranes that are
known to have good acid, base and oxidizing stability can be reacted on their surfaces
with a polymeric reactant to generate unique chemically stable membranes with
unusual +combinations of properties such as solvent, acid base and oxidation
resistances, for example.
Often UF membranes serve as substrates for producing a tighter class of membranes
such as pervaporation (PV), nanofiltration (NF) and teverse osmosis (RO)
membranes, where a top PV or NF or RO layer that is facing a liquid being treated is
located on the UF support. The NF & RO applications are used at much higher
pressures than those used in the MF or UF applications. Typical operating pressures
arc in the range of 10-40 bars in the NF applications and 20-100 bars in the RO
applications. As a result, compaction of UF supports and mechanical deformations
may occur and cause damage to the connection between the different parts of the
membrane (non- woven support, UF membranes and the top NF or RO layets).
Reference 1s now made to Fig. 5, which is a simplified illustration of a nanofiitration
membrane constructed and operative in accordance with an embodiment of the

present invention. As illustrated in Fig. S, there is provided a polymeric nanofiltration
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1, optionally substituted al kyl and optionally substituted aryl; R4 is
selected fromH, brorno, chloro, fluor, -Nl IR5 --OR5 and SR5, wherein RS

i s independently selected at each occurrence fromH, optionally substituted
al kyl and optionally substituted aryl; and R8 is independently sel ected at
each occurrence from: NH2- and N -|:A- N -1- | erein A.is selected from
C1_20 al i pRETPEmETEqag “E’fé‘.ci‘ﬁ““é&%?f@"tsé PRBE iigﬁl,ﬂa‘:’a‘ﬂﬁ TESHET REEPEhs

thereof ; pmetidedtbate gilyabr 10988 inddiMeOBCIHEhHBNGEGossHinkad sk rd R4, taken
t oget her, are selected frombrono, chloro and Mro, and further provided

t hat when &8¢ B sRifacgribiereof. 2 wwogitsitiog layer il A isdeamd on te tpesifaconé of 123 and
R LS not b WSPAE, SEAULIER ey | OF L OLLHIGH 803000l Bt el guif el ect ed
fromthe group conS|s%|ng of - po yefhy enem'ne, polyvi nylam ne,

pol yvi nyl adystiit@ishergadbolhendl rafardies to Pigkyvi %) i m dazol i nes, and

am ne-nodi fi ed, pol yepi hal ghydrins. Polyethylenimne is especially
preferred. N@lwfégw@ﬁb@ddﬂ%éﬁtﬂ@rqur?é l@ﬁ%@éﬁe fia0T telysaalospbibidited s” sel ect ed
fromthe g : LSE1AG 0 2 =Ll [0Sl 2]

4 o chi oy B GOARAL Rt flngripInbt bR AL ol ih @t least one

(4, 6- di chl mnbd@cpieasliaminebatihipairelacial veoght intlsabigesofta0D aa 7 5iPO0,

4, 6-di chl oro-2- . di et hanol am pe-s;triazine and . _ -

27 6- i onl orgvEeg et B PRl e iy -85 Rlb arne dipsise RBFFFRCConpr i ses
cationic fdaypedihiRPMlonBhRERSigoMBES: Sd1Pme ismot & Ur- oPlrid-Ald BofAh& WiHBSL! t ut ed

di azine- or triazine-containing conpounds that are utilized to nmake the
nanogi ot ai Jubstiticdonlyalprer’s Nanatiltation layed | Vhopitwoly apmerisdstahleasitnodi nent s of

t he preseqﬁtigggg}'gp q!ekjn the formof oligoners or polymers, the

i ndi vi dual > P B2 e 67> 1 4zi ne units may be bonded by |inkages which

consi st prindhielcynbatiinddtRias dic, triapoabihaloubsbined dziratitig/iag-omat i c

hydr ocarbon fragnents, e.g. one or nore straight or branched ci. 20

al i phat i ¢ SOMARNGHIOERMER)T AlFEHNd dhirdestedolien dhogrolp censtding odr omati ¢ uni ts.
These |inkages may further contain, and be Qonded directly to, the diazine
or triazine portiofs, by anmine |inkages, i.fe. via G N b§nds. Such |inkages
may al so be -NH li|jnkages. It will be apprdgciated that not all the |inkages
in the polynmers u i n enbodi nents of the~tavention n be acid stable,
provi ded that t perdent of such non-adid stdble |iHKagesNis sufficiently
smal | that nmenb Ene pgrformance will still]l he faccept @bl e. Hn the context of
this applicatiom_t rm " nmul tifunctiehal pe" rs a conpound
havi ng at | eRfSt ond® pri m#’y or secon®ary am’ne niR®ety and at IrRéast one

ot her functional group, such as -coqg, ester, am d; ketone, aldehyde,
tertiary or quaterffary am ne and theylike. In sonic enbodi nents, the

mul tifunctional amjne contains a fifst primary dr secondary am ne near one
term nus of the Fand a sec rimary condary am ne near

anot her term nu$§ of tHe nol ecule.{|{In so enbgdi men the mul tifunctional
am ne contai ns | tiplle primary oj] secofhdary gm ne ieties spaced
intermttentl o] he nol e . il p iated that the

nul tifunctiofal annes ud¥cnd & produdi ng tRe NP Wenbrari®s used in
accordance with enbodi ments of the invention generally have one or nore
carbon chains (in which sonme carbon atons nmay optionally be replaced with 0
or N) and/or carbon rings, such as phenyl rings, so that the

mul ti f unctW#&N: ami nes wi |1 have nol ecul ar wei ghts ranging from 400 to

750, 000. T Mdchh{dine LBALY ABEScdenbd it mifoRbl GRET [Rodiudigl yITer i ¢
conpounds havi ng' both amne tunctionality as mePﬁ other functionality,

whi ch nay MIFRAOR atdiS& ukiarcio R senidepardguilyascléonddent vatlsoccattiveghm they may

al so he nmononeric (preferably having at ] east tw separate am ne noieties
on”the - norGBRTL PGB G BRG PP b HEY By *or ase- 1 ik w th at | east
two of thexakQteptiRBhil} k@l&gecﬁhﬂ%blﬁ‘@c&ﬁ'mﬁ&é f3NRoABI &l1b8SfludiBe

nultifunctlon%l amines ysed to qake pol ymer nanontration |ayers for use in
enbodi nent-§Ht Ok andwdntilercindly ibmdapindentiyossprstaddit cedi eheegenterfrared from an
am ne conpound hayi ng any organi ¢ nucleus and at |east two prinmary and/or
secondargqgﬁn}@néhbﬂggﬁmﬁﬂzggfq“@ﬂﬁ%ﬂ?ﬁ%ﬁP@QHWﬁ%aﬁﬁine conpound has the
formula R* ENHpehd&ais) sk (cDiek RL achi decib@ice ifnRbroatf chidrdl ldf& | ndependent |y
hydrogen or aliphatic groups of | to 30 carbons; Y is any appropriate

or gani ¢ nmoPN&tR; @R gandofR™1 where3oRc sribdepsndentid selsticd ahedoh osewrrencailioq one or
nore oxygen, sulfur or nitrogen atons, such as an aliphatic, aryl or
aryl al kyl group of 1 to 30 carbons or ﬁkcorresponding het eroal i phati e,

het eroaryl or hel eroaryl al kyl group cohtai ning one or nore oxygen, sulfur
or nitrogen atons; mis an integer fromlto 3; and] is an integer of fromO
to about 10.




The functional groups present in the nultifunctional am ne may be chosen to
hel p i npart desired properties to the resulting NF nenbrane. Thus, in
principle, functional groups nay, for exanple, be ionizable groups,

non-i oni zabl e hydrophobic gr oups, or non-ioni c hydrophilic groups. In sone
enbodlnenhs tkﬁq“ &mggﬂﬁﬁdn §uwghb gqﬂﬂaln cationic functional
groups, as * PR eve t ence oF ch groups will increase

t he reteanmmebtmddmmeH bmm&;LMnutmmoaoﬂﬂﬁkf~ﬁﬂ{mhéSBfeshﬂMndﬁpblcatlon

the term cati nctional grou refers to both funct roups which
are cati oflgPeR e‘nyréterP&Feidj‘t &tqb %ﬂ‘%gﬂcﬁ&f’“{@ apt*faﬁﬁﬁ/ém%wmi‘#?a@% as wel |l as
funCt'Ona$mﬂﬁﬁHP§m£ﬁﬁﬁm9ﬁ?iQﬁPRW%19@&k9&hﬁw%@Q@&d%Pbﬁthgﬁﬂngﬁ%ﬂ? and/ or

can becone _cationic through chem cal” convérsion (e.g. prinmary and
secondar yN&i sels Ngt-AaNides) Slnllarly, t he degree of cross-linking within

the matrix mﬁJJ i nf | ye th rties. of ne. e degree of
rosau 1 maieingh PorieE R dir G BuPRat R Risfts KoapRomies BEriged™s ¢ na nunber
of ol es @m#TRAtRinks &crddH Sl vRICH Uk hyatGER667d dddkinentles Ot RTR® ket RE, nunber of
noi eties available to cross-link. in some embodi nents, the degree of

cross- | i nkkergtogsthet, ein sehested fusodrasiq, wbloro #t Beere, wifotheremewded thet degr ee of
cross-1i nkj fro 3 to nt he degree of
Cross- I|nWh§gm#§I 93%1 Opagig%%h%§?pq# “IFE§OT?O§$b %%elgﬁérgtlated that in
some enbof syeRtEnbddngeni)thd undtmenahl @ihe gsscimidifemeael gresp conisting t he
hal o-substituted di- and/or triazine noieties, in which case the

mul ti f uncef Rebeathderonuse. Pely viydening. I%‘é}"fm}‘[é'é'é’tmo@OWBF’%YW@“%tr| x. Fig. 61is
a conpute [ f ration
rerbr anc. 2P A AEH-ARL AR ARYGY epERIRUANE Pl a AR D

| oni tril eesgscitlhepileésedpol ymer, a cross- Ilnked skin forned by reaction of

pol yet hyl enitnin ith the polyacrylonitri]e ba and a
nanof i | t r &8I qnggp e T %Pyeﬁlﬂ"é@PW? @HL%’%‘? %Fﬁ%f){ g‘i"ég? AEYPIt is

appr eci at %s&h@% of D& 60EERlL d E-‘il@fﬁz‘l:(&”él'tsac){@ﬁlor% 3 §od1’ﬁfnf}ﬂ§1[1f(ﬁﬂﬂe Qﬂt”i%%ﬁaet han the
ultrafihration Tayer over which it formed. in order to enable perneation

of a fIu1@%iﬁmb@gh2a>mnhmﬁahencmwéﬁed@hude;EWzmﬁ)éibﬂuh@urﬂy of pores,
voi d spaces ree vol ume nenbr ane. whi ¢ as, conduits
! br ough wRERAS el R e el el po B Rl P Bl
¥V:th| n thmefm%n% c&ﬁpmygm;ﬁé fulnkBGSI) lgf&zby as Wi g h pol yhrrer dyna[)n c

uct uati ons ey may be continuous connected, or they may be
t enpor ar i Wfee méthedgldghehefeﬁsbﬁm@ﬁ@éz%mt Wemﬁaneeﬂntﬁwéﬁﬁgem@ﬂs t he
var! ous PRLVIELEAR O% A AN RIRLANG o AR(, hREaSEs AndcaumRen.Af these
in eit hercrhle:aﬁlmmgsbﬁt}i&l;gémnt pesidakid int thc R;Theoi'édi@enmfs driyesendrs.ahe vol une
regions is, éyever mted by the need to retain sol tes .such as
di ssol vednfig Piﬂ@ﬁ@cObHfVﬁﬁém“éPfﬁﬁﬁéﬁp@xUﬁhBﬁﬁﬁﬁgw ﬁPE%WﬂV”“%BYprevent
i oh r opar TP o g RSB bl o RO SRl e B P
vol une areas: shaightighbihé¢iel of henlpbhiut veétsedﬁétpms ai/si’otﬂoodﬁd Isslcglmoi neant
restrictign. Large v0| spages can allow feed. sol ution t he menbrane
W hout - SgHATTES R S: B Ak g Tk egaass pt ebonded gREEd oo such
voi ds preggatazime RQiAnet MEGRIBY anet [B@yaf t ew efenbed. kackEndgkects. The
presence of defects does not necessarlly render a nenbrane unusable in
accor danceanils bemibdiinkanes [bvili hvedmnetsetnd thanvetrﬂlhtbnlmh@;cs@n@lcas there are
per 1 or mant Rr SRR Pt Rl A0 TERBEAR R TREb iR TiraD R LS
af fect s pgirédde 0RAEA noPRAORY BYlY linlkhgbhisckefciarpanadl thg hayemnef fers greater
resistance to flow and, thus, will require a higher driving force to
produce abefosueagenyillatiliehs aceeptalde. a t hi nner menbrane. For this reason, it
is prefer f e h f these
nenbranesﬂﬁgeFﬂgg“%Eﬂ]ggggﬁgﬁﬁﬁgggfgﬁ,mﬂggg&%¢%‘2#@ P }?%gé)¥han about 0.5
m crons atuwhponstt hrw:e@ erlabltynt pamatharscahelaty &nfhemm:etgmnd Holvestene a conmon
feature of thj is an increased tendency to exhjbit defects as
t hi cknessotaecffl%l {TB"‘FH%SSéCHe*fe& Ifc%crawrgc@ %lqi%‘Pﬁ aﬁéhkflc HSRAYSF a variety
of factor I : : ani cal
it ear 1 £y e 30 B S B e S S e Wen ¢ he
mechani cal integrity of such a filmis conprom sed, the chance that applied
pressures may violate the integrity ofothe filmincreases. For these
reasons it has been found that it is often useful for the nanofiltration

| ayers to be thicker than at |east about 0.005 microns, and nore preferably
thi cker than about 0.02 microns. It will be appreciated that when



sufficient to effect coval ent bonding at of the |least one di- or tri-halo
substituted diazine or triazine- containing nononmer or oligonmer, the at

| east one multi-functional am ne, and the surface of the pores of the
uItrafiItration menbrane. In some enbodinents prior to the contacting, the

ultrafilt r & I'l nﬁinJ?r ﬁlq'llc! h[% SLE’(%]ea "l ZIlC Iggl g!{[:éﬁzé‘laclgllj ttqslgﬁl% C%é%[&ﬁiglt bondi ng

to the sur%ace here Soime enbodl e

nanof i | t r adecom ﬁlfﬁﬂmfy&ﬂ%cédﬂlﬁhlbﬁfmiﬁ@ﬁ&ﬁla&@ﬁmr fbhBfis bhtheGfflbags.ilngombeat i ng
the ultrafiltration nenbrane. The matrix |ayer may al so be coval ently bound
to the unduRrbdimgntethegpuliunstiopdRmipycursas Mwitinie BHBIALEY AFeePuWeTy such as by
a direct c cation of hydrostatic
pressure o?ﬁ%glﬁddmm%ﬁ%wa@Iltg%lttbﬁlf@%&g’ atﬁé(;mé%gegtl!eng of the UF support (e.g.
by gravur elt adbi ngpncklmcﬂelm(biaimnglfmtm@mii danbEeusedai prodicihgtiedwl ng by

formati on of mat r i er in a nan er . t hat éﬁsults in covalent binding to
a UF or W“EWE‘&S‘F% us sdang, witberEbodiinents alike ivsationgsireallyshaye pB8¥ ynmer or
ol i goner, anﬁélermwaﬁ ch%@gﬂ NAf&Hsdhhe &ﬂg&f{toﬁi@' 'd;r;g%na FELPIBREAI whAR Part of
a polynmer or oligoner ol yners or I goner u uncti ona
groups as @ar N)@iﬁdtbhearbmh yines, Sodhi pqrenylahagsnso tbatghe rratltgfohtymtmaenmbs goner,

or these S ca at t. hed as These,. gr ou can be
|ncorpora9%ﬁH§WP§“ﬂﬁ%&B F“ﬁ%“&ﬂ@ gﬁﬁg%?é?ﬁﬁﬁg‘enl “%&F?W@@Iarly
ef ficient mhbmnyﬂnts%e@goﬁewbs pcﬁlgﬂl@hb efRhodRR PEThg Wolthrkile desired
functionality, or a derivative or the functionality, "incorporated within

the str uctEun@tlombbfr@pvqlh@téﬁryfllpqatepvahbfd “@mtw@r @pneﬁrc@rrp@ﬂatm sgméuegtlaononer s
woul d have l 0t matrix. It has
been foundn{ ngEh&F enépﬁﬁygggﬁgé%?r %3 ﬂﬂy%ﬁPSglé%agﬁgosulfaniIic

acid, a sys&pdna&l zamﬁé mkdtizh thhLﬁlﬂSﬁ(ﬁrh@ﬁdmb%bQW) prévidedsthbt taby Bahalwgenat ed
triazine for use in prepari ﬂ menbranes -for use in accordance with
7

enbodi mentl&kowith Alepst dye At thefpkniybshtutadshosinget riagne xigiglicgs of a functi onal
group thatpgrg, l@z%rlcﬂgg'ﬁ Hind dse® ﬁqﬁf?@ﬁcﬁlﬁa@?n&‘éﬂmﬁfoﬁa} ayy f‘ | 4m groups.
Primry, secon ary and tertiary anmoni groups are ex es ‘of groups that
becone cateimimdmlatts oérht,amvenpbh lml\yéie&mmommmmﬁymdmﬁs chrd/erafrbmmnc
functional grou ne which is, en rate a chen]calé%faction, it wll

be clear tBHHE BP%% P@H‘&’lﬁlyt%%"mé {mq?}gtallgﬁé%ﬁﬁﬁgg@lmﬁ& /Phlly cationic"
refers si nplohdafy ﬁﬁﬁz@g?&JpsfM%He%%od%&HQ%é"Qh% c@fr@oﬁ@& ha%rthé fd?FnuFPUl d
becone cationic based “on pH and/ or chenlca conver si

appreC|atd® thY’K@HﬂﬂéﬁﬁllﬂnrwhmomilayedRneadnnbpmnbuéxhahnggl@Dnta|n an
excess of hIPnIC fu ctl _(y‘_t t nano.filtration Jag n be
oropared PR SOkPRPE Tk or iabldhiLis REatanTist pidhR oRley S S on can
be attai nex dﬁ&bdhk)/midhfp@i@ﬁﬁlly&o?h@u@%lg|0H§bpﬂwrd‘@%ﬁ‘éﬁrsulﬁ& of SitrBgdd A¥@E that in
nost instances, suitable nmenbranes wl Fossess cationic or potentlally
cationic grelpsanwlinatiagsylsy dtsﬁelkslegjarlap biv $heashets whearoyespindinge

interactiqf i men nlne contalnlng
pol yror - orerr o PhREE BeRIRE TRl chor PEAF B ehuBl e B Tt Cel8ite o

m xt ure ofsutfat monnegrﬁhamge wnoapmidger Gonmsuid Raing j &y anciateRoxsf frein 0apd ani on
exchange groups (e.g. quaternary anmoni um groups). Such m xed charges can
be dlstrlﬁﬁP%H“%oanenously through the matrix or separated into domains,
for exanpl t ein

separ at 6 b Sops B e Bl o RARR AR ACRERP AR ey BPG i e

char act er .imlpart@nsiexdgnppetishiovhe relauilt'-ing NFmémbbas £l yon@incldd) fiusctional

pol yvi nyl i dene fl uari de. ss-linked skin 102 i or reacting

Dol et iyl PR e OF JUTHIS HeTr QBT AT IoRls BROrRgEr 108 i s
formed by Ifo%asﬁlbmgd%hmtgﬁa&;%nmm &H%cﬁm@ﬁ’tls Ohé k&%inﬁﬂxﬁ}eﬁmh{bﬁﬁéb ne
compound Wi th the cross-linked skin. Fig. 7B is simlar to Fig. 7 A except
that in Fiwil CYiBtcurquJ@nwdluyfrtgn"lcltLQ@upfs apdliy helroykd tiat thclmcsentf: @ﬁsdleh to

eval uate the Ion term ne i.n acid ui tabl e
method 1 s o TiSBRoRER e Rierish o8 barndf B BeBF nPr 3R el casonabl e
appr oxi natipehicatioREtht et 'ledsra@yur&ughdlc@} Adaei0B bogpthtOsR] bougoubl ed with
every 10<0>C increase in tenperature hus a thirty-day exposure to an acid
at 401cl egvhich @an:ab@uapbwmﬂﬂméaliv\waitwséc 241tntﬁnmaze>ap@zga§b@b‘a:@iig$)[deg 1C. O
course th r.atu thod. .i s 4b| ran i ncl udi ng
heat sensﬁ‘&&gmdUﬁgﬁénﬁ%(%ﬁgq%Jde“ ‘%&%@P e?é°ﬁ#@§ %ﬁﬁ%cﬁﬂ 8£8fadat|on
is not tenperature dependent in the manner described above. In such cases,
a | ower tenperature, |onger exposure test is required to gauge acid
stability. It is not the intent of thi's disclosure to exclude such heat
sensitive polymers, rather, to provide an acid stable nmenbrane and a test
fpr ggyg!ng acid stab{li?y: Forlpurposes of the present patent app[ication,



The present invention provides inproved nenbranes that show desirable
stability and performance under a variety of conditions, including presence
of organic solvents and strong acids. The inproved nmenbranes are formed by
the reaction of reactive groups on the surface of a conmercial nenbrane
with a pol, 46 o1 do ent S LRt 1 Cala: od,
ener gy anéixgﬁg;rtﬁ%aoggﬁ? [ﬁ%g;{ball Y ué@%ﬁggb@%ﬁéﬂyr@ﬁ&%&%@vﬁ@@% %ngéﬁ%sgl nmpr ovi ng
product i oRinplaiyeths elsgitco of crves-linlawng mathar ihalmearnd weh arfhyenooths pogfert@n, to

mnimze tage and the.resultant enyironnmental danage, and to recover
waste mat @f@s_ m‘v‘éﬁ?‘é‘fl%ﬁlﬂ’ “_&{@&eﬁfgﬁssw_%kwgaw BT ohe BPLCPERBM ng
I 'ncreasi nB'cﬁéﬁhéﬂ-”&&[th@ﬁﬁmb&- Jeth Qe nhgmi&ﬁvﬁfﬁf&%ﬁmllf %Sm?/ o@Riiheat i ons,

however, the existing nenbranes are sti t sufficiently selective and/or
st abl e. Tié euaber ofangicescavpildde of crbsdust. M somappbodischonthe tdegee odul d

benefit from the advant s qf menbrane technol ..provided that nenbranes
possessi ng SEHEPE T A B 40es BRT BT ASErGRRS RS et AT B8P oot 1 i Ty
are avai | giligy isHRM @b 269ansaabl 1eshrsOsbsakend, BF dspeh oPaB-RAikiAR and
stability characteristics is often |lacking. The follow ng are exanpl es of
sone of tidranefin &6 melopelrties for nmenbranes required by industry but not
avai | abl e w(lll)aBsE)}ﬂJ% gﬁ@l%i'a[%%tthzﬂr?n Q{gl}"ag%l%’lgo&%%g{sl {htc-:)fnd.(lﬁan%gg/ﬂa?%nlngnes may,_ .
concentrations) and sol'vent stabilTty s required for renoving organic

sol vent s themselean@anii tleadlonubetimtedalii gl/or(tiihibdgotetiah)iin athichncagd thist abi ity
in organic solvents with stability in high alkaline conditions is required
for separ®Pitdprctiopal s peap(rRealo seigstdarotyile mtar. i ndustries; (iii)

compact | Oftgss &l Wil IREnORo RRRLIEA RYABASL Al B B AESHE SR B! SVal e

t enperatur€s, an metimes | e pr nce of organic solvents Is required
f or perf omembons epligati Bimsmembrasn ghdwipastigf 6 codpsdesipaly asag tomiteilecas st r eans;

iv) separatin ol ubl e cat.a s fromorgani.c solvent streams.in extrene
§)H 2:ondipt g kel 6>‘i‘i°&?“i~‘fllﬂ%ff I hil'@lﬁ? Py ?‘E&EPP SEpdlithyBhisene _é"’“:"éﬁ‘b@ re
appropri ?&y%l'ﬂbﬁiml@ PHRITRAANES and R 8aRICRIV8y QA hA8e BF F§Qhy leMWERE I ON 'S

to provide a nethod for converting al nost any polyneric aSynmetric M-
and/ or ORglippone. Imsrbpenietadriha the sanofiicgionrgss A isithinkerdnd claeser tailnl y and
sol vent stabl.e yenbrane that i.s fully integral, nechanically stable and
havi ng OH%FHk“ﬁﬁﬁﬁnggﬂ%Pvgd%WcP&y%bxﬁ?ﬁthe membr ane, functional groups

that are papad!e cfbldpii@achest £alildhbaund ninime, eferd SRuatbagent | ayers,
thereby form ng a nonolithic robust structure. It will be appreciated that

many sepapl@falibholiosse ¥eidspimsy. Bdirsfvolumesorithimphopenbinng whidh ¢aarmst ame

t echnol ogy, i AEEALARNGE Weldlid g&-n%ﬁﬁieél&h'cﬂig&p{s'n?J}x J&gﬁﬁﬁ&eﬁh licity,
energy saving, ecorom ¢ advant a e, the 'possibility-to récover anhd recycle
raw mat erwahis thslibh casnayadxést traadtdly, ashagegolandr $alandaflgciaitorgnigiced as a

result of th proyisi?n of chem cally stable support menbranes in
accor dancB2Pt FOXIe AEPRISCISH. ArHieYRAY BRterinpiaHY conpected §éneral , a

modi f i ed aﬂeec@emmh@m@imﬂ%aw&& RS %ggi@nﬁ@{% ¢ Is characterized

by having i nproved stability conpared to t g The nmenbrane in
an aggr es$lieveembmie. dinile tite schramdoerticr etithbse e Yodaat rapnensgfoveinehd ol | owi ng:

di a,, oxi di.zi ng. speci.es,  elev eratures and

addrmma“b?wc, by ai ecies. . el tegﬁq@ b

el evat ed PiBE ty ol'a membrane, with aiincrease i either leading to higher permeability.
The size of these free volume regions is, however, limited by the need to retain
solutes such as dissolved metal ions, cations, or organic compounds. Typically, to
prevent the membrane from transmitting solutes, the membrane should not contain a
high proportion of continuous spaces, i.¢., pores, void spaces, or free volume areas
through which the solutes can pass without significant restriction. Large void spaces
can allow feed solution to pass the membrane without significant retention of the
desired solutes. In practice, such voids present in RO and NF membranes are often
referred to as delects. The presence of defects does not necessarily render a membrane

unusable i accordance with embodiments of the present invention, as long as there
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Enbodi ments of the present invention relate to a nethod for surface
cross-linking mcro-porous UF or ME nenbranes or nenbrane supports,
containing on the surfaces of the porous nenbrane structure, functional
groups that can chenically attach to a pol yner being reacted Wi th such
surfaces f r ltful |I E&Qﬂgﬁgtst[@%é n%’l(,tl'll]l l'l} ngtoam%c S Sg ﬁ%{% B(E {()allt Elﬂge

conveni ng suc orous” e HOF ane sup surrace

Cross- Ilnhﬁdenxhentcally st abl e and solvent stable nenbranes I n anot her
aspect, enhodi nents of the Fresent i nvention prqvide a nethod for

i ntroduci nifiecthiskessiof herraget|tipdiog laygpalso éﬁﬁdbpe feymageh Seagally. ehéketal
binding to L .4 V. n menbr ane
sur f aces, EQI ﬁﬁrﬂqﬁ %@grgglqul b dn%gltérjrt)b&qnhnlhﬁ? V&lﬂ(}!f\%l nldlnh ggltls%ch reactive
groups i ni dmahg forcd o ;yectuoaradtdvemnampanmat efivbhdineemembeadnet he tbrse&enh

i nvention provide h r bindin Or ous es/ menpr an su ports to
an under | y rfgmgfﬁagm B’&E“‘aé 05@1& bt gﬁ%@ﬁ dpembprangsperletsy

form ng a RO h'xﬁxcﬁ)tnaMO?e prREsaP & sVENELSh S Bﬂél‘éns Ay ﬁtt)ét gre@ﬁgfyher
aspect, enbodi nents of e present’invention provide bound lynmers on the
surf aces dﬁ$ﬂh&lﬂﬁﬁmﬁlnnmn5}bhw&u& nenﬁmam@@muhaﬁtmmdﬂnmpamtEwuﬂsmbact|ng
and form cal, .hb sub uent ove yin er _of NE,
RO, PV 1 hi PR L Ae st e i PG s P e R o RPE et ur e |
whi ch the }heR dfayeficlySofFhasisCrl g,c)ﬂczlépl!ﬁ\gf 410 a$D6iattAd@EH ¥ 139 irsMBaRhical
structure. The cases where Functional groups, capable of chem cally binding
with a topnhiegyibtras the ﬁéa@yccemssttomssméy NEstgR Fovsinpleewben Genal |y, are al so
i ncl uded I resent

i nvent i on%&ll'h Icglqﬁteﬁpﬁ{)(?f 591 ht‘?ﬁgti?}(ﬁg%{ﬂ%]md te%%%?%:}?t!tat aﬁg{}@d %rteF%

menbr anes mag hloia@m@\iﬁdgﬁ@dlelﬁﬁhl&nﬁtcﬁda@m Ead thembadoamaems b feutdithat er m
‘chem cal resistance nay. ﬁgany or all of acid, base, oxidant, thermal

and conpa&t%qﬁ?nwé%ftl&f%hltcems Uﬁertefeaweéﬂeéaﬁk%éh%mta&@w'éa PP om
practi cal 'Mg?d?% 4.5 lle ef’%P{EBFﬁ‘xﬂ%eP dHQb% iTf ¢l ¥, ANy type of polymer
descri bed above, 1nc Ing, I'nter a onb- or copol ymers such as
acrylon|tﬂthdlbwamgbmdmddrmM¢MBMKmobﬁhqnem@mmﬁsnuaﬁﬁ$ﬁRPﬁukgnaWhmhat|c

pol ymers. i ment resent invention arc dlrected to
processes tawtqa%ﬁmvgﬁegmaﬁwkg Bﬁl&@@gelé g Afeiized as

cross- | i nkih REAGHIBETHIH SuiRRERALHs SPPRYrESnt Byl I ltk'ﬁsmt%%ﬂ'fne%bﬂht
cutoffs, that can al so serve as menbrane supports for the top |ayer

conpr i si nghoye usROwhpiviheNT faydr strioecovtajgnely boting & e vndalydeg sippoy used in
separation_or, conver |pn rocesses. The surface cross-linking property is
achi eved rBpPERDe SHLPS 9??@ (ﬁtly, usual |y using aqueous treatnent sol utions
and usi ng pied. l7-AaeawmB aRdsifiplifitd VRIsali ARXITRASHICE] fe@@fink WhidOh&Bage BuUCh as
amne (e.g. PEl), alcohols and other polyners such as those nentioned
above. Ondhamantiagiyig oldhs asnoldkatiempmbyanrf Fisy &k peserdasce withonei de a

met hod for n . S made
from pre- Cag@ﬂ%ﬁ%gtl%ﬁl t{t%@ﬁuoaa ;ﬁhﬁbﬁ?h gPo té!cf Eo%%t:c%gé‘%ﬁdé 5'3”%@ P nos
based on en@mlpﬁb&a&mﬂ@ﬁhﬁ@ﬂﬁuﬁbhwﬂﬁfhyﬂﬁmmfhﬁ@nﬁ%mﬁhﬁﬁh&&uhﬁ@ﬁa&hon in an
organi ¢ sql yent that does not cause any danage to the penbrane. More

speci fi cal'fy e Dyr@rspeRte FFéN“OHB" Wﬁﬂﬁ"t"i"\é‘épw aSYERISHG B rRRitiraiey eact i on
in glacial ol ar sol vents
such as %ﬁ%ﬁh& Q?lé%c ﬁae [ﬁtﬁfﬁlgﬁé?l%gr%g%trﬁ%m’gé%ﬁé&&ﬂh %tgﬁr face of the
t1F M- nenmpammfﬁaypben@agabbbumhcpemnnm@glmmtmhehsurmahQOEMMMUuhe reactive
pol yners. Jln.cases where such direct b|nd|n %ctlon |§ ossi ble, for

exanpl e wh WGy t{jf‘ﬁf“t é‘a“t(j*r“tﬂ}p‘é‘o’&%"‘aﬁhoﬁégm |“I: AYIODE MEHHIRFUE onpounds,
ax) inter fﬁ%ﬂh@hﬁ/iﬁ“bhﬁlé&% It&n@h ugnetmngtvatzm% §36,b60 awut) uélttmyaatl vat ed
surface making it anena le to a reaction with a cross-| ng_pol yner.

Non- I mi t ileagt e&fampé:@mfal ntﬂS‘p‘-lllﬂlﬂﬁQﬂlllehialll&lgtz thsrpgltauoe mtt)rcpatzmtnesh thei azi nes,
or their ndlhlons may be

Pound 1 or TSR VEReut RS SR Fap AR BRRIR Bels SR ur PRI hO ST e

i nsol ubl e ﬂ:éﬂtﬂﬂcd‘oﬁ@ﬂ?ﬂc@ﬂﬂ cidlit ﬂﬁL@é{ﬂbGQﬁ@;{tlbﬂﬂﬁmFB@tﬂé&lﬁ tbysiesdi- or tri-
pol yi sot hi ocyanat es, pol yal kyl hal ogens and pol ybenzyl halogens and ot her

cross- | i nielossubstitalodetinnins aiitoang-epnipiaH MOROMETH ofigawer s theRilsasthy dr oxy
and sul i %g. -GQNf 8l uﬁﬂzf&%qz %?Jntll[“’tg %o%”%n%f)d%?ﬂﬁé The c‘ﬁﬁé *Jrc%ssu different types
of silane dérivat | her erred’system po droxy phenol s or
hydr oxy benzene reagents or hydroxy or hydroxy met hyl aronatlc pol ymer s
such as hydroxynet hyl pol ysul fones ar eacted with the nmenbrane using

pol yal dehydes or fornal dehyde. In this case the reaction can proceed w der
acidic or basic conditions. The conditions of reaction are readily

determ ned. WD 99/40996, the contents of which are incorporated herein by



In particular, it has been found that after even after exposure of such
conposite nanofiltration nmenbranes to at | east one of (i) 75% sulfuric acid
at 60C for 300 hours, (ii) 20% sulfuric acid at 90C for 180 hours, or (iii)
20% sul furic acid at 45C for 60 days, the nanofiltration menbranes renove

at | east 9 . ~ G i t, ek, & om a feed
sol ution %l? g%lgﬁ%t%ggg%ﬁﬁﬁ%%% 2 Pgtjlrt ?E hé'gl 59§Aﬁgn {)lhtg l? é\ I%a}ut%c{ on is

appl i ed t diatine omeibinanepnddiniag freadnize o8 sligemef thé @0icpstioge andtidudeiopglr at ur e of
25C. Simlarly, WD 99/40996 does not disc¢lose the stabl lity achieved as a
result of 'Hee&afmélﬁtlt FUECRAT HYy Rokes qlhsyalipiltratign psantimre 1 5T UF support .
Such nenb

descri bed | o S B e TR e e D PR 54 05, 062
and di spl @yfatlhmtesct(a'bleht bthlntiagnhcestuftme theseofl Im sonmpmboslepaﬂatth@n processes.
U S Patept No. 4 g59 47¢édlscl 0S e formation h_\t/&Vrrenbranes by
coating of? "Bt UES BYIAHERE THerb B ‘té”t?bﬁ‘trai’frﬁ“ﬁvgﬂt% O8R&IGr oups a
chemi cal | yeafig@ el M@Vl @PRichibfarie0! ymer froma dilute aqueous sol ution
under pressure and cross- |inking the polynmer present on the porous

subst r at elsmatrixHpyer |1weﬂtsw\bft WVwalnbbe‘c;moethc umleglbrtn;,pie&F yf Mfcstuppmetl

conpounds,  The nme n& o (} arc pot { as NF _nmenbr anes,
as their DordSstagung) é“‘f 30 At Sé‘s Vi e ’et“dc‘ ‘?"ﬁ ar HOHIHEO W8 cal
integrit yqppﬁxcfmdnmﬂhyt!fdshﬁbGp&m&m& ot @adi@) da @arihg hthidds bh@chitippgemee of
significant pressure differentials, it is conmon Efé actice to provide a

t hi cker pBF SWRPONElSI Ak Eravgrekoating keilssppara orfadrknifecoptingt fellowangibye. t he
matri x). r hi ck,

a though THARER ot mbpB IR SRR RR S A 1FE sl bR GE B D TS (e
necessar ysupspcﬂnarrmdﬁdmesupport at the requi red operating pressures. The
supporti n% | ayer Shglfld pr.ovi.de, m n| mal 1%? stance to fl ui< rel a |ve to that
of the t hPherHigmulgimetanad agiphiserolype wofigamehangior thedptoggnat

m cr o-fi | {aald QR ABTRE Bt ad P4 ﬁ%@fvﬁmmnesol Yfetbmtp %&Echam cal
integrity and a nonminal resistance to'flowre ati1ve ethlan|ITB Such
supporti n@lgmrmr @A fchrde furdtionkingempsaaspadand ttbepcpytepaml@ntw chainee.gus

t echni quesgﬂuch as Ehase tiersi on and track e anong.ot hers. The

in
material CONEHPRGOIEYIER AT BN HOPRBEH) s E‘(‘]‘f}lbcél . pcgdzg‘éﬂétuﬂ’%ﬂ? Suni npor t ant
so | ong agoiyps daf betiaddrgorhd ihte tﬁ@}ﬁﬂ%@l@ﬂ B ANsuitRbieSSHEe, and tenperature,
and so long as it is conpatible with the thin film Non-limting exanples
of mat eri & Brtgilaly eftigicbemathiofliizedise 6 mdBroetienad) mmpmi w@hshlmq&mnt:tl ng

menbr aneaf;l F{gtlio%glﬁpfpgl‘ Xa(HLJ'I?IV %f lh%q.l}ly(ﬁll‘togglqtggilnz(?l‘giﬁl‘%%fi l)rqg\ﬁlenyt I.IC ene f1uori de

pol ytetr uor oerhyl ene. yvin /C8r bonat es,

pol yacryl @ﬂptbpthzitel@' ptcﬂﬁit}tﬁrﬁcﬁjﬂm&@%cd\ drOtivS: sﬁﬁhﬂiﬂoﬂﬁﬁs wbhlﬂfhﬁO§ Qiet ing

pol ymers,  pol yket ones, (includ |ng yet her ketones and

pol yet her‘éqsh k@t%@f@él}y thsiahpre yrreﬁewwmee‘( It Bppbgcadoundhdatar ous gl ass.
In sone i P h have
peen pr epar ag o (gt B (PRl M IRIRLRTAGR it SRERLARES AN €

Appl i cat i dmcdNeed %:@]km,%a %sz d mi¢vaated seazbie fooliyesiulpgrgreiag npahyetdsdosul f ones,
pol ystyrenes, ar am | ons ol yket ones .and pol yphenyl enesul fi des,
prior to LfSSI’qu% ‘i/ ecﬂil‘i "tbPHEk/mt‘h%?retB %gc‘?ttm‘ﬁﬁ?o%e desirable to modify the
UF SUppO"Nmpanﬁﬁ"ﬁg é)&h{ﬁl&%l%tﬁﬁ&ﬁﬁdﬂ glakﬁﬁtapﬁclc@ﬁf&{m@mqﬂﬂﬁ15{{];@@5@/' ng OP
support nenbrane,” (b) i ntroduci ng functional groups wh can react with

t he nul tlmlarteltnﬂmmtlmamuneglanpb t)netaknalsotg:emiatyeuilcldmmmammpalzlrmgoupstpound or

bot h. PrOV|S|ona i.cation No. 193, 962, descri bes net hods
by whi ch 55 KGR ew bR erale bR Bkelin mARIERARRRETRERCE® (he
support nmehediiefundasnaarépy d SR WHieRtBlenbRadd by alé{eMiXal ReattiBRIM wilpr ef er abl y
greater than 51/ (m<2> x h x bar) and nore preferably greater than 10

1/ (me2> xoertiser faipse ﬁi@&@ﬁi adlbic pmatat tyedeaspapefestialyecapprial Féersatmph act ual
pressure \ br e to t he
f act thattgkhv cﬁlgfsu 1Of0n<ﬂ gx%luaﬂvhm JF(FJI; lﬁg'\rlt&scﬁﬁg@ﬁt g cat;m‘f & le%% I%H

hydr ost atpi¢ apd/esdigngeal sompplibied to them I n sone enbodlnents the support

material has an A value greater than 401/ (nx2> x h x bar). In sone
embodi ment ¥ ReaRupped tltﬂétlmaavhhélgorahlm Qesrl et peceataglty tchléfﬁﬂmo 1/ (me2> X

h x bar) i, ne bel ow the
A val ue oLf‘(It%df\CM%rﬁ%gﬁ%n%ﬂ% lﬂp@l “t‘“ﬁgb%‘gg'ﬁ?’éﬂ’gﬂ grp chjttagtcglsg pressure. In
sone enbodi nents, the A val ue of the support nenbrane is at |east 50%

hi gher than the A val ue of the matrixdtself. In sonme enbodi nents, the
support material preferably has a nolecul ar weight cut off (neasured by the

ASTM et hod at 90% dextran rejection) of |ess than 500,000. In sone
enbodi ments the nol ecul ar weight cut-off is Iess than 100, 000. In sone

o~ o~ o~ o~



Addi ti onal details concerning the nature of the underlying support

menbr ane, reaction conditions, post-reaction processing, such as heating,

and the |like are described in WO 99/40996. Applicants have di scovered that
halo-substituted di - and triazine based nenbranes as described herein are

surprisin !_ CIdI ons _conpar e cOo nl sed nmenbr ane
o1 2l o SRR, FealeRel isPifiol PEh I SRR B e e Bt S Eaher
netal s frogid é'&wsﬂmslrlbaa%ﬂﬁ friabelRVET fHAE B b hstarcBa BuidHas Mefibldhes (ol known.
In sone cases this stabi I|ty may be observed, faor exarrpl e, in that after
aci d exposRRASEEsH ARG ioPIPAntiaE calimug giogps Wiishassigidhe stpovsionthreugll ucose
rejection w Il not decrease significantly (e.g. 5% or

| ess) but (?]ﬁlleg%f(i%qggﬁa r‘:%rqgﬁsease significantly (e.g. 20%or nore.). It wll

be appr eci Iatsedlctchﬂ:tociliﬁblﬂ@ﬂ]ﬁlpﬂgmﬁdﬂatﬂﬁﬁbﬁﬁﬁ@ﬁl&k&ﬁh@hmzﬂg@GW@a’ﬁﬁﬁ?lmct h
enbodi nents of the invention, it may be desirable to include functional
groups to Irq#sﬁpeivéor}l@%mlmlrplwfgeﬁ.ﬂw;»a%h@bémlﬁmompaﬂxmﬁ%g@uah d

transport ti t

derivati ve(cﬁu%hgjr%l!rwoﬁi um gk%ﬁﬁ%ﬁf%ﬁcgﬁ % T%é?’gm&&ﬂbekﬁla?ﬂ%%s "Onl ess

st at ed ot hepupss. eSuch e x bt haydsrgn diefdismiilmitahboraqigdnyusljr keotgr thee Treadutix oni

functional_ grou i ncl ude functl roups whjch are catiqgnic at

virtual |y “arfs B » t hat
S&ﬁ"]’”tﬁﬁ “i“"\?l&mi‘é? éclj’““aﬁg’y H‘%@ ‘gﬁﬁoﬂ?@ eé%t%FlPa‘%g“et‘ﬁ%}&é

can becomﬁéélh@sp&aturm% AL o KQUBELHIRPBAR! a EATBNREGUNR G PR, T hr ough

chem cal conversi onsg . potentially cCationic groups, such as primry and
secondary larnsaample mvdelsj*lg THe bagy polymat FGOis pnﬁﬂns’lléemfe@um&h Crassegul ar

mcr ool oy ciaPg  Rasy by RGBT PSSR rERe M WSl s peat  ng

patterns, fiorifayNSHIW &R I8geraD8 patdr@ed sy khiating poREigRAImaReat and
sonetinmes display irregularities, or may show no pattern res%wgtl vely. The

nol ecul es A balomsabstiged b@?@ﬁd@mwﬂq&é@th t@C@S%h@H%I skire HimdBvidul d be
b d f
o0t i ned, AMLAFRIE SLAELEED, FoUESERT I REM g [ bORLL or o

ar r angemnerit ondy tebalnge sk adm: stabillily @i tiat iemnbiane trhieds, distieatgd ons | i ke

t hose of netﬁ& nmeshes, arrays, frameworks, scaffoldings, three

di mensi ondPethed i 1 usg %P‘é’@‘%‘l‘lﬁé‘hé‘rcﬁﬁéﬂte dpgradionnBsedcaspnaif ecul es. The
matrix i s i ss from
about 5 nm qlﬂ? gﬁa%%lﬁ(?pme%%%n%ﬁp 19 g\tr:}lzlag Ia‘gégloﬂ'? é’zént@@s %Y@g@gﬁ%mﬁ ﬂﬁl usual
practice, te>Gabereaseis togrmmsaing. Cowda guntedapsxmsureltd pabdidnt #0deg.o¢ sheet

The term " nmenbr ane er meabl e |ch an.be used to
separate ¢6 Sﬁg?ff’é“%aftccgwftgé‘?%q%o [ 8* RS ﬂéggfé‘.%ﬁé‘gt@ toHEe %ﬁg t hr ough t he
material agdp@atupd RIRLSs AdtdosiiBler8) ﬁ@hﬁ%@yln&nﬁlr@mf gcﬁlsnwl&lslyh%m
“nmononer" or” "nononeric" nmeans a congloun t hat has no branched

unbr anchedt 8se steimiganga ivtherg wh@ﬁc re¢thiplags é@nraqlﬂtwe is 11cpt3empcratulc
met aphenyl gnedj ) 0 " nmea
that has’ 2ePgeel! G mRAGS dh S Areroar b Srsng AT Famfesa R Thels
pol yet hyl eﬂpommsmﬁéqu?leﬂ@pgﬁtguagzdwmmmy tris(2- am noethyl)anine) The
tern1"pol% "pol yneric", when referrlna to a reactant, neans a
conpound thlétmh&@ nltfmcﬁi thiseliclosusrta weelde sichden wRsiHEIPP¥meEs: ifﬁlgeluﬁ@. ts
(e.g. 20, I ans a
ConpOSItqugv5@%?%#?3&?%:@?@5@%?%%%3{ ?kﬁﬁallngg g§%ﬂ§y3|n§ ﬁ%gﬁ(ﬁgrous
support mahepiesdnt pdtet ztp@nmumupp!mrltbcmppecnaid ‘tharessisbianys Ssssdd @t Kheont 0

whi ch the matr ?an be a Inclqt}é[lﬂq re senl per meabl e nenpranes

especi al | Pa§f Ok A GEpee n F‘F%qunlct Frekpritpd PF’ Brpacefif§tagt i on
materi al s I Thed 9 s a solution
of & ont zeA edr e 62‘%‘39‘2%@}51’?3‘“ R A TN

i ced sol utsitbwicong tlls@ﬁ)?@] faof309 J"@%bcu8@@‘7@31(1fl@@%ﬁhﬂt@m"ﬂcfoawwhowarm be

pr epar ed n O 1-12 rans of CuSO4, and 70.5
rane o dth Pyl iEedi MIRE raren et dra puol DR BeR e RS 8t age
matri X Cro&st 3@ LI ﬂﬁ@dop?éx%ﬂﬂl&ﬂﬂuﬂ ﬁlciﬁ@ﬁﬂlﬁntl hed avsl @ﬂi%d%l%h@ﬁ‘ﬁ?%i k#, Cr 0SS
section from one side the matrix to the opposite side of the matrix.

Si nce theCn’étQ‘lll% %&suéhwftacetwtmmﬂwéqxél satutiosasepilisddothe resnleabe gl f orm  t he
aver age t |ec S, SFGEJ@ o ]ralglendllsu fgi&tal ned by neasuring the
cross-sectt rPe{F Eﬂ st é”&eq h]EUﬁé faf 7 Sides. Techni ques such as ion
beam anal ysi s, X-ray photoel ectron spectroscopy (XPS), and scanni ng

el ectron mcroscopy (SEM can be used .%70 nmeasure this di nension. Because
the cross-sectional dinmension usually i's not precisely the sane at all
points of the matrix, an average is typically used as an appropriate
measurenent. The term "acid stable” when referring to a matrix or polyner,

conpound



| i nkage, neans in the context of the present invention the polynmer backbone
is able to sustain useful nenbrane properties, or that the |inkage renains
intact, after exposure to at |east one of the test exposure conditions set
forth above. The term"A value in the context of the present application
r epr esent by the
represent fud AEBLEEARFTEAR Lhiholy BeBIREANG: F00, IS haetangRl ety bY the
menbr ane lammnhnmd&haevmﬁpnﬁmﬁnmbeman&mgtpﬁ@eﬂf&:&ﬁlmgdm m%m@&pheres An
A value of | is essentially 10 CVM3 of perneate over the multiplicand of |
cent i met efroggasided wfmwewﬂa%n@% aﬂ?ﬁaééwi by deoivactn ParacHivRBItES at a net
O V109 PLERS USaRlardNSn AR PASKBran S PoIOhE: REBERN 56, T [he cont ext
of the present application ues given rein have the follow ng unit
deS| gnat i mmzoﬂﬂmﬁxtsemmﬂu( emer,xchsatak Fatdﬁ:nm'gy ked phdrimecuticabindyistdes 25C A =
perrreate vol une ./ Cgﬁ Ir‘r‘orane area * ti * net drivin pressur % The term
"f1ux" e eI davelopmErand WheTo Vi e ‘L‘Célof‘rPF%‘"&afi‘rSéP o ray 89St renbr ane.
I't shoul dyfrenRRY %mﬁ&?\?tldﬁngﬁ{mm?;c Wislagt R4 %qgs'iiltt\hleenvh’dﬁmbﬁap' rectly
related to the applied trans-nenbrane pressure, |.e., nbrane can
provi de ad’s'qm:c; Efncic10fr¢qg>xeioxﬁ/a<pfemamb mucaalgi méwrm é@suhﬂenc Fphsitibhaix i s of ten
given in unb ﬂ V‘ﬁg‘/ term" glnsm s ?}g g nmeans tlhe .sol ut e
concentratrt FFO“H“% IS bvoa‘.aeﬁ g dlys seprie ig Sré?‘ BYAnY ABPLBH D%
concent r afidvvet, e H@stin@eferahendsré bl ﬁ&%@ﬁi&éﬁly%clc@?i% arpaduage. a2 percentage
[i.e. transm ssion value - pernmeate / ((feed+concentrate /2) expressed as
a per cent Befs} arcnycxamples catslupisiat srplipatinng thaigoultibeui swplhet el y past, but
not throu T nus the
Fr ansm seanbaR TRUHERF: ORI Mook R TR o b o RS 1B BERE s €

fluid fl oamdtdiweﬁmmﬂmmdmfdf@wb;iﬂg(pﬁ@aﬁmv&? afe Palleieatidgesvefhiee f1 ux and
retention values are neasured he memhrane i s operated |n crossfl ow
mode i nvolCEiIF IEANGHON Of S S&ﬁ%}@@?n phRRy dreegteristiesis odeR 1agkHE: | ess t han

5%r9C0VE‘Fl¥e 25\% ié‘@xﬁ‘?ﬂfgsrm%% m@lca{méf’)ﬂ“&%ﬁg%éﬁ% nfirhiesat | east a

fluid Reynol s nu er o e term ans gallons per foot" per
day, viz mabikalis! indhagtBut xode)labldhi s is the flux rate at which perneate

flows thr uhth.menbr i on" means, an, i nlzed t om or
ot ocul ar hPagBRERERaT aceab §ouefi s €8 Gkl SbtoT GRS or
"mul ti val igdquedl f@temBPRB Dr@dhid (INFRIr6th BhQh AR SEHEAl adidagment that has a
positive charge of at |east two;, these are typically nmetal atons. Under

t hese deffiipie p@nbmahwvﬁ)ig@ﬂn(ym O)gﬂarvdaomajtsomtmmblmemm,h aligling e
consi der e%léﬁt L.ons. Lme Se ,m?eltqldlrl wggc I 65 cal 3 ‘gﬁ‘ i to the average
trans- nenprane pressi ré hus tRE (5sprjr](5il r grl% Flén di f1el'&iee between the

feed and jpensteat e. The term "renovi ng" means providing a retenti on val ue at
the specified feed conposition and operational conditions. Thus "renoving
at | east GOROBIOAEHY HYpherudenazh applig hygrsiaginassHes pedleatsDo, r et ent i on

val ue of LaeeGRRRELd OSciimdNE ASRCOl bHAYSo SRS BfcqlifaNR, POT s, VOl d

spaces, ree volune areas wher'e tes’can pass. ese spaces can
al | ow feqm&mhutgsemzhmorpaﬂmmbaey;imlmﬁnmenw tvhaewvatst gmafﬂspant retention of
the desired solutes. The term"™ ysul | onar ni de" neans a p IIyrrer conpri sing

sul f onam @8 SPPHREOY C@cﬁéytfbrhyﬁﬂe%w&&%%h@ SUPHES eeeRedd i nel udes

pol yners | i nkages in
The” ol TR ABLHAPRED ol RAaHER A ELE KRt gty 1S

through tdtablé membfaucs.al reaction of an am ne nonomer conprising two or nore
DI TRrY 00 SERN4RLY 0 BLOURRA AL Froditel. Mo TR er bR N9 £V o
any polymeric asymmetric MEF and/or UF support membrane into a surface cross-
linked, chemically and soivent stable membrane that is fully integral, mechanically
stable and having on the surfaces of each layer of the membrane, functional groups
that are capable of being chemically bound to any of the adjacent layers, thereby
forming a monolithic robust structure.

It will be appreciated that many separation processes may benefit from improvements
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The term "aliphatic" or "aliphatic group” is known in the art and includes
branched or unbranched carbon chains which are fully saturated or which
conprise one or nore (e.g. |, 2, 3, or 4) double or triple bonds in the
chain. Typically, the chains contain from!| to about 30 carbon atons. In
sonme enbodj ch 0 Jo]o] . In
sone enbodr rrentﬂ%a?(f'u{éghl}?l sl%'éqgné]glﬂﬁ“ I%fWIEh mf pfésgntqg@#ﬁlféop%?%g%n%@%ﬁgf

Repr esent adnieMs saxagp@tomicididetap®tthypossiility o Lcmb%lylh}d réseRmapyl , pentyl,
hexyl , propenyl, butenyl, peutenyl, propynyl, butyny pentynyl ,

hexadi eny|MalgHHst3yeh py Rater,agjdgylpases andgsodiem 'tlc@*vh'lmfbﬁawéulﬁﬂ%thps i nt ended
to includ f uctures
and combi A e sy e < s e BB o6
carbon at arfghe preampliresnoén. Iowereral kK ylodgtelupn drosstindted pelymeric et hyl, propyl,
i sopropyl, uty] and t |.i ke. .Cycl oal kyl, suhset of

al kyl and SieH’éli’%ﬂ’égﬁ‘émn?bdd‘Wé]FE%é‘ftB‘éﬁ YAy ErEIPIRER S@&‘&WOE‘QF‘B i at ons.
Exanpl es qfe a¥chatiy groups include c-propyl, c-butyl, c-pentyl,

nor bornyl, adamantyl and the |ike. The tern1"ar | " denotes a phenyl radi cal
or an orthdh¢ a@ewlaaiedy@niagz,r@aai'tm@yf@bhmen%\@hmteléad/bngt lswsonenfthe to ten
ring atons.|,n whic | east. o resentatl e exanpl es
el ude prRhGIHE G fepie Bhtie Rt o7 Aot ik B R ey oar y1
denot es a<g@guﬂpﬁ&gaghed via a ring carbon of a nonocyclic aromatic ring
contalnlngﬁnlve or six ring atons_consisting of carbon and one to four
het er oat orfembedincnis|oétearesonbimvemiongebiptoconsthed frigudrcawpssplétiong de oxygen,

sul fur, a £ %‘g\q henyl or
benzyl , agﬂ;cw@:(gﬁ@gﬁrdg a#fC%ntﬁQ%’ﬁ%ﬁ)r i{ﬁngl use%pgl?séﬁé I'C %%% erocycl e of
about ei ghiirfacestofithd porgusaihombraaie sir uadru; Aekgbiiad groupa tiict can eicyically

benz-derivative or one derived hy fusing a praqpylene, .trinmethylene, or

t et r amet hylt@flb IR PAYIERPCIRE ERgicE Wllﬂ@e%%@érﬁ%% 108 eslpsireconiasEng e f ury! |

i m dazol yt

isothiazo mh%%ﬁggg%ke?H%¥§§G$%bm1 %ggyéeTéé éﬁﬁgﬁ% ﬁkgé%#dh , (or its
N- oxi de) , smpp@twtb su;fwa cm):mlnydcd,(atmmlct'éiymhbdmmdies)olvmnsie»lblyIrnemlsmpsn nol yl1 (or

its N—OXI i No ts N e and the |ik
ot or oal 1 BRATER Spch ¢Rbad RRB oAt R BT RREGA ALy ¢ and
i ncl udes hhasdlet Gentidihapekiod aﬁﬁfp@%g%l@bﬂ %@?Ieﬁt Ehehhéhl%hﬁ*hﬁ’g icS
interrupted with one or nore . , 4) non-peroxy oxygen, sulfur
or nit rogmim@ﬁﬁissq‘lym tr)eﬂ:f(&utl(‘tme whapmlth&mraqtmbrfan@mrhcgs dbdwt 30 carbon
atons and frfoccs ?OUt LS 1c G g‘ onp i el e tvnl i ﬁmﬂOdl ments, the
chai ns cont'af"n 1y ST & 5%6‘% é‘8 CUryo r?ga%‘é?r% S PO MBS 1 to about 10
het er oat org yet ziho‘@l%spﬁﬁb@ﬁib@&nﬁcﬁm $fBe RABEM SNRANbAbRVideaitthb@s @pout 10
carbon atons and from about 1 to about 5 heteroatons. Representatlve
exanpl es |hﬁ'@#lﬁﬁié(’l?ﬂi’rélcﬁﬁ%}}@ﬁfmﬂmbl@%Wﬁ@*ﬁ/&wdmé‘ﬁ& splprérate 9eh aThe term
"menbr ane i h
charge. " THICL E8Hh I oyoRERNG A ARhroby SeBRIPE BRGofRld L ftle APl BIMIE, o,
or alkoxykumeﬁmis to groups of fron1|to 8 carbon at ons of a straight,
branched, cyc fonflguratuaﬁ and &% i nations thereof gttacﬁgd to the
par ent strﬂéE‘ raéo 6 ShgH ARPAUHTERE Of BedpieasinyHGIROVEE RBYIH PRYRERY
Propoxy, iRt QReA¥s oﬁwe'mpmﬂsslc@é§01o%memﬁzﬁyés% R Chph e of tdsting
Lower - al koxy refers to groups containing one to four c ons. % refers
t o groups anfl fémong bhamncai imlbmthatmﬁmccmﬁntw staray gigttop bryamzﬂi‘éﬂ, R@yP,Vl c

confi guratj sat ur at ed saturated and aropatic and conbi i ons
Chereof - dbpdureReRbRE Ry RS ate BRE PrRBRon SRR onal i ¢y,
One or norlsyc@esra@nﬁcm BoRfd & e Lfn@&'l)QH«esdffﬁ}%:tbs@mEﬁ:ﬂ% FHedaly witetd 0gen, oxygen
or sulfur as long as the point of attachment to the parent renmains at the

a[) bonyl . [Exciipphagoipik ief(drqhtmnrcaﬁaéwllng mtbput@mwm ikeastytoyesy on the |
et or o SAIPRIY e BEE DltesnshET ¥ BNt SBe s {iinveRiEhAREY

resi dﬁedl rgcmEpﬂena@ {REYes@it QURniisn alldactheadiri-glanioal(ky) aidmpcrshit@tion s
attached to the
MI) membranes with improved solvent and chemical resistance, where the term

‘chemical resistance’ may imply any or alt of acid, base, oxidant, thermal and
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parent. An exanple would be CH3C(---0)CH2-. Such residues could al so be
characterized as "oxoal kyl" residues. Arylalkyl neans an aryl attached to
the parent structure via an al kyl residue. Exanples are benzyl, phenethyl
and the like. Substituted alkyl, aryl, cycloal kyl, heterocyclyl etc. refer
to alkyl, Ky ! I atons in
cach r osi iAo KEIARLE it fenlEy ok A5 B} Ko MIER IR R Tl

hydr oxy, d:*oytm;ahmmne nangmmyaailﬁam}bty@b bﬁmyly(nai é@scnh&cb«lm@zd includisig,

al koxycar bony . car boxam do o ref ?r re s, al kyl ami nocar bonyl ),
cyano, ca‘l‘lﬁéﬁb hogjoy P CORAkY ey Sé‘? Rl et 8=| VaW Heaﬁf‘%&}mtlﬁé’f’gvé‘ﬁﬁ‘%

al kyl t bi oﬁpssptfjolxpg:[g qlﬁn‘HHtﬁ@ﬂ& maky! am no, am di no, phenyl, benzyl,

het er oary phenoxy,” benzyl oxy, or heteroaryl oxy. "Fblogen" nmeans

fl uori ne, Mdrteover,rmbddioentnel be putsclmtneycnt:halaa! diretodgo plarosses efd or o, brono or

i odo. The te m " nbn t NF rrenb ane' refer? ’o an NF nmenbrane in which
the NF | ay&P laéle?:’&?g‘r @hﬁ‘f ol e f?‘Hé“"hr‘f&EF‘l&?‘H’& SERHERTOahi ch i n

turn i s offpheiadnl MFGRVA @blebylababipd: siRoffd, $had URPAES sdrfe 85 m8mbRAz WOven or
woven support). The following is a general discussion of the state of the

art precewipngrts fos therte daver pamiiginoNL, RA, BYdMD) and @kbClt Weeﬁmftsébml‘éﬁ probl ens
chf_ Og?ral.t lipaéll%r%l'éigcscﬁlglgépan?cmﬁ(ﬂ C%ﬁvelgl%ylt%honé%gslé‘?gi hlfli'SSéll ’2?6 CIOSS fII ilag';:blr IORQO.II:VF C]:
PV and RQuapsrbr ﬁﬁéﬁlc%’cﬁrdﬁifdl}eihnmﬂelcﬁtﬂﬁmsﬁkﬂlymmﬁfgsacﬁth@is tsemhém@blu@tbﬁml ve in
or gani ¢ sol vents acids and caustics, wi.th the result that their nechani cal
properti e Asiawdkkrom i elitielyripemsssiveeanpicaolynes shdesanifpat are used

i n industry, nbr anes arc:

di ot hyl £ &1 b%dé@%@%%@ 1%%#?@?%‘%}8%%”1?%%‘}%% R hyl sul f oxi de
(DVBO), hexandditiydal phjestptioheprestet insantiol ane piovederaamethby fene sul fonc), NoN-
di et hyl acet g.m de, acetone hexgﬂg{ and ot her sol vengl Swol | en menbr anes
are nechaffe, ‘W”%’e ot gndieheny P IHARE 1BFMBKAPT wa %Qﬂ‘?’d@?&f‘qtc pressure
and may UDEREheRMIRRS bl Qmeﬁi@rfp% W!L%bou'n%%ﬁmﬁ&aﬁé%s@tﬂgn ggsul tant |oss of
performance. Sol vent stable VWNW nenbr anes are al so described in the
literat urle)l}’fmhlsullﬁqam'llmclgnwmlpﬁ@lfb}n@rh@Dad@BﬂtlmmeUEm‘gmseollyaméhlaton ceram c

{1 om or o< EBS AR R o TSRO SR ProiBOTP A B RR e basea

nmenbr aneske RONELE by aRhRr&XPBARIONGeadtidd iR YRl M cBiciaBidWtlaymiknueby i m ted
nunber of confi 8urat| ons with limted characteristics. Besi des cer anmi cs,

nenbr anesackihpsid stidionr peler sadventy $lﬁhéﬁlc1§é‘l grEPICSuch as epoxy poiyim de
type pol S ) : | ul at ed
ol yrri o LAl FRSARSHB R BRIMIS AL BRI ah GRLE e EREBR

6, 086, 764of Jmmg oﬁmlmé:):narmes withehcaatied @iyhhe, exdhessnaicrssichaliest and on

i nt ernal porous surfaces with cross-1ipked pol%ﬁ ric layer, The
suppor t i nYPUPE FERBPR R0 BEREYH 0T Sappic WheklieRra lgEQuNsi SRk MRINeBUL | s

however, Gngapsudias z%ﬂcé?é{ﬁad“{ﬁaé‘ SinhteAReRME ﬁ{ulﬁfﬁh@twnquz%ﬁg'ﬁ‘?@tﬂé’ma&&? h
nenbranes do not generally possess stabi ni I vents and upon

i mer si onwitintheggtiestsd wefaso magntpst srenrmhbﬂcotoswehdnoandntida siong- hgk:age Stability
is not the only rlterlonfor effective nenbran aration.

Sel ect i vi RV EFANGBEIRZEA HT IR ST favilﬂgféﬁ@r%afvll@gﬂé%ﬁwauwsf P 28RN by ng t he
separ at i ofieid @aivatikBs. s'fm(iaeﬂmlwﬁetslo@ﬂﬁuwﬁg,ycohumleng 8§ BE QMdOb Bleluss mal |

sol ubl e nol ecules is required. In other applicationS separation between |ow
mol ecul arofseltensebible pry¢naxiiss os ot emeksion Meeerdaselethabqsidlcsetided,ty i s one of

t he para I us eou t he chem cal,
compact | o Ahd belieFh b 8P e e B b B RS T l oyekif afembr ane ¢ ype
is avail qhﬂﬁ:c‘m'ﬁlhmﬁi suSMhotErapedstinksrstrb@tred &native ibldeadibnapii opri at e
solution to all needed separations, and specific conbination of properties
must be tiGHETCRBIRR RydipEy 284 swifide pentanis nolyyers aad sHgripeisi BrivelBsect i vity.

No nenbr af) { ns Sonme nenbranes that are needed in the
separat i on mﬁw&bcf& SR Jgélmhb nano filtration, reverse osnosis,

per vapor alhla@nt;hemapmnepeymatpomyaﬂﬁy@abmﬂym Bydroey hmizelamaag@m @ Typi cal

exanpl es denonstrating lm tatiops of the present rrenbra}ne cl asses are
gi ven bel I5roxy or hydm\(y mct vl aromatic polymers such as hiydroxymethyl polysulfones

are reacted with the membrane using polyaldehydes or formaldehyde. In this case the
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Ceram ¢ nmenbrane supports have very good thermal stability exceedi ng 250C.
They are al so known to have good sol vent stability and stability agai nst
attack in oxidizing nmedia. However, their pressure stability, particularly
of their tubular configurations, is limted in many cases to 20-30 bars

ly, whil t d i t hst and
o1 cLsur 65 ‘GFOUTR 1 PSSR B 880 AT E CPRICRRS aFSRRUE BaREFGPALon and i n

plate and &adneigaafihgurati on may exceed 120 bars. The linited pressure
stability of the currently available ceram c supports in tubular or
capillary W&?S?/@Qﬁ%s iiwm@niegtbapiyémlwg inqonparated barein biateferenget élsclheesu!se | NF
or RU I'TEI'TbI’Qt &f I llld lll ﬂno?h({'}ci%ﬁlq%%?l (ppooré[q%(;%/\}?%mr%{aqmos Vtﬁe t[jl egsu;e
concentratons" o exer S re S Where | ow
hydrost at it fplrces}amm& 1ﬁklﬂute%ltﬁloﬁ&hm3ﬁmhﬂ[éf p8 Rk W hmmébmicagy cases the
stability of ceram c nenbranes in harsh acidic or alkaline environments is
inferior tlacmhzémg% abe reaciangrthaipacty s thmpaestodopp arpacrenelsedar $eKyee her

et her ketqp 0

pol youl f oty BO Kkes £ YARERULEGF s MbERE, tdiinhe M ARG B 2ln e,

menbr anes owtdrtsutfaghdf th@bmuheanbmm ,glis forhmifa thMADD on ﬂﬁ&amrhémbm)qe are known
and reported in t)(&@!lterature but the se ect|V|t¥ bet ween uI es of
varyi ng ndt-&PEeliging & Omyomity membrangq [antrartant Areshossn 1o e

sel ecti vi tyalifiR ARAR &3;15'01919911 £edre Wedds-Bnka@nit flcudel aR@hY Erferde&ctm pd i 1 m
conposite | ayers. ass of hybrid ceranmic polyneric menbranes has been
devel oped, pOdi‘fm@vuhnglsmafdm o3~ la:rkafbdDwmdmg cnche hatyeerof thofupetiawdt ed ont o

ic UE ts.. . | a b th t f
e S e P R T T BT
various org@éibensol vents (WO 99/40996). It will be appreciated that

ceram c-polyneric hybrids extend the range of achjevable selectivities and
t he range P Ludidognotchedesedhe sweadidis th-ey tfa-hale selstiseddipginbpanes but
does not % o] strong
aci ds and g%élé‘gggﬁ% ﬁ‘ %?'%dj%é Ai E)lrngﬁ (% }Swﬁérg ‘l’%o@h@? ¢o ehﬁ%"%% | em of

t he cer amdi- orebzias 8svihg ohilsre:lhtorb Eutistibenssss n&ﬁdqmerlyhdm 1w bastfouddhtae
factors limt their use to only very speci al cases A wi de range of
pol yrer i c BYeiHlEaNER CemRoWIis ya@NTuRAtinaRY Hymuptif ungHonF@MIPYCYARPUES A nbr anes

and nenbr ranes such as
PES, PS, %E%? Jtﬂ:%ﬁ ?rg yp‘ﬁgﬁy eg{%%zgﬁﬁt ? l%%% ﬁl‘%&%n&g%mhgﬁf@l engggm de) have
excel | ent cﬂtgamefs ftnylfanrpde,'rmdrs ghfoappl dres- Ipﬂcedstumex)conﬂmdmeﬂy withfaddodalchem cal
resi stance 'R’?Sgﬁl nst attack. i}n |d|2|n medi a,, but h ?f%/' |l ack stabiljity in
organi c sEIVEREESISAL 5 AvHh bl GemPes S gHET AR TSGR GRe SBPIG dnthodeiti | ity
with a chepgieal co?)b@xmebhltﬂﬁoz'l BroR¥dsE L% |RIP &QF&QE b R, @Bthihd bOitAliZ NRE
environnment is needed for nany |ndustr| al and wastewater applications,
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currently ay anes. Sol vent st ant W fanes for
P & B RssPre e T B AR Rt HrgheSioh BRbmes LS Sl or vent
resi stant sgRFMiENGSeaRryBdecdst O @phtiindetherP@Macrylonitrile or

pol y-i m des. These nmenbranes do not possess the reqw red stabilities in
strong acildiperticlak.dt haseean doundi thatzltege veaditigr expasyis-afispeepmposite

pol yacryl mted in

t heir aci gﬂg%&lgﬁgn ﬁlfcfn %%ﬁ%lg?o ybt? fﬁgt ?%tng)@éw/ﬂlf\mﬁfigel&fg? er na 0?‘ 3? g.bl lity and

their resimh&naam%mmdﬁmm at@006 dor 180KeadrPANGNP2hosalfogeakid at 45°8  Pat ent
No. 6, 159, 37%) has ovvn yeré? good sol vent stabil |7§2{éﬁand is reported to have
some st abi!P§ Q/dwa»  ngnUHAUPHMBIPTaNsS tamayerd ipagt AP pf thy copPY ofRseh ér at ed
causti ¢ cqng hLRBSnANT okN6RNEEBY Sahesh 864 9% LJ%?m%@?Edlﬁlrca@fctS\Qh&as
limted resi s‘%t ance 8’ XI dl zing ne vent resistant II yi ' m des have
been develthxp&dgl sdsudnessmppbechtq the hhuﬁzb[ﬂaiferatlced)pm&u&ﬁﬂf@)m)s@mndd ack

stability in extre | .condjt Lcal m des
degrade | ERBIRGEC 3 CaS Bl e vE0 SPeliBha i T disg R0 Ty b eeRRult i “For
meki ng as)é@%&é’u‘lt‘bﬁcﬁ@ﬁ@n{gf blﬁ@aﬁgnﬁms mdNg fiRMRAEKyiRE LFWubERESucpvai | abl e
menbranes fromthese polyners I's their sensitivity to organic sol vents.

PAN, PVDF méﬁ’@?ldﬁ@@mIBPsmduan@bmﬂbganmc%Iaeq:léJchSLlpsum las derdrilémalove i n many
organi c solv uch .as one e oride,
et iyl o nyeRaPe S HiRRE AR SonlNERG: AP bYe b BGoy the HrwEl Dee th
presence of organic solvents since they tend to swell and dissolve in

sol vents such as OAN DMSO and NWP. 3



The patent literature includes many exanples of nodification procedures to
overcone these disadvantages, including U S. Patent No. 6,159,370, U S

Pat ent No. 4,477,634, European Patent No. EP 0574957 and US. Patent No.
5,032, 282. However, such nethods suffer from one or nore di sadvantages or
limtatiop S,lrcal[;gjhsg% ?eg: 'u%[mﬁ chs nd expensive reagents, and/or

organi c soO vents mcorPrpg’ 8" cros |ng and/ or poor control over the
extent of URidiafdncBbi 4559 @m@rsclbsq@else mimdtacsmgfeut Radnteaits 9§ euktidgonal ti | ayer
menbr anes when used in harsh conditions is & amnation, i.e. the separation
bet ween t A@OHT Polemerie sybsjatesoppinipm mehpiah AEuana ChanicRbY Feagiifes er ent degr ee
of swel | | r c 3 ,causes
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based on PAN.and PVYDF are kn wn ve been descrjped in Eyropean

Pat ent _ NoPOIER 08 Som BN o Faem bales LGS a9 aible (6wt vy o

sol vent rgRindtmRE, agq;@p,r&;;@g,gsaﬂc% @i eved by chemical nodification of the
entire polymeric matrix of pol yacrylonitrile or polyvinylidene fluoride and
t hei r subbegdertv rsamtfiadbe oreolamidal nkéargy aa thin Siowamipnsiteneehbtatewi ng
descriptio ean tent. No. EP 0574957 .states that PAN. d PVDI /

oo anes Wl 110 SRSt R SFR AR U PR SES T REEEHPAN P vol - sodi um
et hoxi de, pm@kalenadicREhifie&NméABLas td £t ds 4 Bfppott foPheMhiAUliRSi.clthel S wel | known
in the state of the art to performsuch a reaction throughout the whole

bul k of ampBix)nexpienily nidisr witeort Thtsrialssare 2mimyOkmawpnspbioxneiosgp thsduct s
based -1i nked
pgf;stgpe%%'a‘it 9@{ g'?lo Lz@?éa?}eﬁkgdéc%qﬁ‘ﬁﬂ;gﬂ%enhé fede s% j@%ag%g (s:|r ‘r’n.slsar' nke

mat eri al SSuppbhlaaihleyeqdi\@dfogmahg pﬁsﬂﬁeﬁﬂﬁhs@p’p@ﬁ@n@ lhﬂdﬁ&ﬂo@ﬁ@.d@kﬁﬁé i's done by
m xi ng chem.cally. reactiyve npnone oss-linking agents, initiators

and ot her MAHBRY feyi@ncerigdipyglogve rqﬂbﬂw fhﬂe%@ fibp. %e@messummi%e@ﬁ@mre bul k
of a poly n S i nki ng
bonds. Suf;Bﬁhd?rY‘ 8 SH;%%?@E?\L%BSE%{%EM ?ér%kg e qﬁflcrﬁr@gﬁégq{éﬁ%guctﬁl léltre sui tabl e
for i nparmbdglnmaUMglgdambaTMmmnl mmstaﬁu&:ﬂneﬂnvcaﬂatmdo sod thanfilnst Shel i ty
properties to a fi nablg z@/mar'gg rOdilljﬁi:t Hovvever,E such manuf ?CI uring

met hods 1 BPPRERETFRTBRS. A5 HkLEnORRaRT £in o Piceaisi BY BMGHYS FChBIBCTs ar e
linmted tgca aﬁgﬁés@%\fe?d?&?a&f trABRTEIAALE ahbRE DthePaIThb Gtk Moﬁsﬁiutﬁ@ih@g flat
honogenous nenbranes. Bil ectrodi ai ysi's nefrbranes of this type have a

t hi cknesssesfip@meagie 3upiord Iﬁm@lﬂte‘r&%y almmmrtente@slem asailt [%Btzthb’nwghﬁm t hr oughout
their Cr os; section. so. be us hin

coat | ngs SISt birS s sOR PR BGCR E 8 B FF Er LRGN VMBS BRARG i i1 ar
nmenbr anesNbypiastinfeiés SHnaaeri0f wRlcBSsAY e @ilixg o MRROHRNAIerlfHEN as M,

UF, NF, RU, PV and I%gs per meati ng nenbranes, have asynmetric structures and
such nmembyiAesingme: aréelﬁyltlécwwlmmwmbw&scésq foves gpbinytigersss, in which a
sol ution p _ t S cast

first as SoftefBBRhnd AR hARL RN AR RO BB et Bih", oo i ng
an asynne;burlyam)slbmmm;rpel)tamnmkl& mplvhs andamiiee theintosweiny pbBmges,cl ass of

pol ynmer s ast nto n asymTetrlc formin suych a manner, mainly

égg t can be T E

as ME or f‘Fé?ﬂ?Fé‘ﬁ@Jé‘ Mg 3%‘?% cpiones Al nqlyetagiethpkeloB®Br anes. The nost wel |
known ar e,d|AQRRy IRBESI 0B RANS, ?{nWo olRY; 'Y%'snPnCl%ch‘?A% Mhdgs 1S, PBS, PPSIT,
cel l ul ose, Tcell uI ose acetate and F1ers menti one nost of such

menbr anessupaeiting meengrampraee 06 rxmmnlbzyn@e«sincledweémespaﬂme:sl as@nstribed iim ed

conbi nati gns. of t bi ert such. as ,.cal . .oxidation, thermal
and sol veltVietoani %theo %‘ﬁgigﬁt&’t %P@W@P?%Nﬁe@ﬁ?g@éﬁgfé% 1 casn@f certainly not
at commer gjidull Bndd, polEthBIsh F8%es @1%@%&@551@&21%&&09 oRa$BH keRnEeMRl opment
of special copolyners are usual | onplicated, involving difficult chem cal
react i onspolymichuigyesuliiiss. e dd Eﬂlm@tﬂdbh Wengtr wb@wb@mmﬂd@q qmeﬂblpn or der

L oo g B IR Dol b Py TR B BRRLERN L Er D) Y

reacti on thsop@hotémbige, 16} Wiedudhg Beictsl giduppiticlhenappteci ated that in
order to performa cross-linking reaction, a | ow MV cross-Iinker nust

penet r at evithils rafghirna pmingaicdythe hilpsguidsbne Eadne saspoungs phbathe

Corvent st & ARl SAEHERu ERPTY 61 B TR P R ARl bR FRC ey

al.), wherein a nethod of manufacturing a polyacrylonitri |c copol ymer by
reacting 12



acrylonitrile with glycidyl metbacrylate groups is described. A conpletely
new pol ymer nust be manufactured which is both conplicated and costly. Such
a polymer is first cast into an asymetric nenbrane and subsequently

cross-linked using ammonia as the cross- |linker. The conplexity and costs
of i npl enmen ch thod are self- evident. Such an approach for
maki ng sol v;é)ﬁtﬂ(’gtl é](]:zllsy crcefgclt‘g‘a‘ant nmenbranes has several drawbacks: (a) A

new pol ynmeh sstitenii@diyaithabd aggoft HQmerim NEORT 8, vadl GBatbiShRO8 1/maoRer ci al
process. This requires specialized synthetic facilities and results in a

hi gh cost %hppﬁegslhbrwféw theik P NS i ki) arbaiorq prefgrably Breatep graadidat ed
that th I | {

vest ment G TR AD. BOTTRUGR UL LEDLAAA & BT WG RRTR, | 11
pol yners thha‘chaiteeﬁmz(bMemtmbﬂmb Ivyiilmee[dtef Thisrialuag the et dnea. V'IIL(ebbfA new

casting formnul gin must be dev e F eve tinme a new pol yner |s devel oped
and synt heleP%té@mf tletjmrwepe!rt%@sw RENRIFIHR Pé‘é@%‘f‘b‘hph‘??“é‘?)ﬁﬁlppg%ﬁ*@d Hhd
requires uggofe AMIURIS LY Bedll tﬁpfnﬁenq%b 82 @5&5@ uﬁeq?%%%oamms%ahand

reactors that have negative ehvironnent al e ects The reaction
requires @xb@hﬁm@neqmbpdmmntsamd seEporfyeatcaalrtiae dn duvalomgipatenthemd DD

producti o he ddi the cost of t nhr anes oduced by
such an agb(?‘b%g Fblbf’gai[ H‘?T%dv 11ll t‘f)‘oﬂ‘l’é)’f’”ﬁwbg}“%gwgﬁ qté]e‘glfﬁer%iow nvol ves
many di ffigblAl V@S ofAe hﬁlll%f‘@l\éﬂbl”hﬁédxrnﬂéﬁ%h@ﬁb[ﬂﬁed(}ﬁfﬂldsﬁ@l@tpxésgm@ Indogndi tions
with aliphatic, aromatic and polyneric nitriles by form ng am doxine groups

at high commeadimens.(thahev 1the MDP@ff m%@blmﬁd‘t &asiy”s higheGhagligaef er ed.
Z.RappopQy i, Aﬂ%@h}%ﬁlxei?s%?f In%% 11} Clalg tgﬁsi supplgpt rgfftgrnl %bﬁ%ﬂ'yglgo) " The

Chem stry o nes ‘and ou’n ar“faers
Chem Rev.mole2ulapwdight cuf ﬂ;ge(ﬂic)lsuraoby&fer}y%Dmlllixéllhb@ah‘,?ﬂ% beﬁmmpaﬁoﬁ)l nked

t hr oughout the whol e nenbrane matrjx by thermal nmethods (U.S. Patent No.

5, 039, 421)°T I than W06 n 30805 crpbeshments tha rpisevlat weight gui- Oa{f isygse thim a
pre-pyroly t \e/-@g{% g]ﬁrm i rAPg. 1 Nt o
cyclical s@roaocot%)u?]gsg i dﬂ!ﬂelﬁl y&%g%gﬂgwg% ﬁﬁ{ﬁwrfr@?rb%sglgeﬁv\%é o&rred wth
very good saleventodshatis thetnyolemha WAl itk Barfehd suppuit mentabil és fees than
deconposi t ] at extrene acidic of alkaline conditions and to oxidants.

U S Pate 0 : 4,477,634 describes a process for nodifying PAN through a
reaction ofs éﬁﬂm!ﬁ%ﬂmam IR 6AtheRuppdrBiaitiaPsHoRld IR efictdigigdyl onitrile
groups of PAN'into am doxine groups and (b) a polyfunctional 1onic cyclic
car boni ¢ alﬂriuemtaléoH’@Irﬁdéar(tey?ammblccihan|t@):ntcaqhabbees@tf ther&empmutmtamaih t he
am doxi me gr,oups. | y,a.partl [ 0SS- eis due to
e ow ey LhamiByheRi e dn 353 suPERm G ARPLBRREb I BHEYE about a
20% conver|sisonyPin §die Shbddiin@ngiodRSIch& SORtRIHRE cn®¥8idnROH Bkt §dagt reacti on
is typical |¥ effected at 60C. Such a | ow conversion val ue denonstrates the
di fficul tié3e.dn spse grbpdimsais it satilesst Litden shercandydineanisit costdeast 2096, By
using only C?%? t htr canyer ed into

ar ni doxi ra%tggm% %@r@}lef&:@tl ngx 7 E%nﬂ e Pé?%l%%%% etﬁ#e tg?tsé?g Ss- 1 nki ng.
The use ofdimtsebaivh ;&heuﬂatesqteﬂ&q'fmcedftﬁ@rmc&ﬁ@ﬁsglhsemngnam nbereant y then a
reaction of the am doxine groups with carbonic acid imde-halide forns
coval ent IBHRs 'P%@F@WW%#MOHQC‘%&%P@'NPF% agt theredw| whepgas byfgniestdigla o t he
menbr ane. o'?%ebeazggwkee 1a80 ol W?E@ﬂ:f?&ndéoﬁﬂ{thb %ﬂtcpkqlfz:ge of YR steps and

i nvol ves a ver Icuft tec I cal process usin abrle, toxic
conmpounds. un?ﬂhulsngsummritmmubanbyWhemencmbrrmsbcem:fmé tcﬂdeepmec,amd vatlep of the
process, which e a 2% c%anturl e chl orlge susp. n5| on at 0-5<0>C. It
will furt wépusgyggw ébﬂ%?’ét&“%‘ 1Pl R &R TLBRSOFSt [P AP Wikhi or i de
and | arge rﬁa@s@&msﬂh@% RhotabBl Wi @ALE YRkH 19&&0& %cqg‘tﬁ@fe't%f?@lnﬁﬂs and
dealing with this in an appropriate nmanner adds e costs of production.
There are the h@ﬂcs poé@lblléllml ladizppliod condbigens, ﬁgk@lﬁgcmlejaer yl on| trile

pol yners fromthellt atur hat t nitrite

roups pr e LA E e fmis g sesBBataph pf bR sl S e " he
Chem st ry palestWiel iGyade, AU ifFehcthicalCOREHE viBhovdicn RARRABRRA ion,

I nterscience, New York, chapter 6, 239-305 (1970)). However, these
react i ons Wingfuma lle&lﬂdeefﬁem‘téabﬂtﬂﬁ@ﬁlfg@h@w\i b bgutsmnd@omugﬁetl bemdst at ur e,
pressure, h ] yst ant | vi mi des
have been %qg%% CES gﬁm“%l{i? qu geqéb%é’é@célgg% %l th’&e%?l r‘{gp”“é& vent
resi st ant poI yi mde rrenbranes have been made by castl ng unsat ur at ed

pol yi m des, as described for exanple ipn European Patent No. EP 0 422 506
Al , Burgoyne, et al, which can be cross- i nked t hrough t he doubl e bonds by
free radicals or ionizi ng radi ati on. Sol vent stable nmenbranes based on an
aromati c polynmer having a thio ether can be nmade by oxi di zi ng the nenbrane,



In U S. Patent No. 5,282,971 (P. J. Degen, J. Lee, Pall Corp., Feb. 1,
1997), polyvinylidene fluoride MF nenbranes are positively charged on al
their external and internal surfaces by exposing the nmenbrane to ionizing
radi ati on (gamma and el ectron radiation), which produces radicals on the
menbr ane, ofeméiuﬁ&@;}ufg%&rﬁslah@gmanxo%%hn@angﬁnmw&ﬂ&%wl WQihiG AR @égei ng Vi ny!
nonomner s, | east sone of cationically charged (nobst preferably
usi ng d|aphvidhhenmthamnmmmUWecﬁ&obuMEatAdnmnmnmﬂnmhudIMUﬁOthar MONOMEr s

(e.qg., After |rrad| t|on nd r.i zat rane i s washed
Lo O rovaiishior Bh Il st b BB RO EDy o EN0s ont N
4, 778, 596mbRbkinB AR thickAdss ahPAEnsitd B¢ thkIBEL1iAs HEMLPBFARAR R CIBIBr BRE 1S
formed by first coating by inmersion all the external and internal surfaces

with a coqwﬁqub@hymémOénwht M@rglﬂ;95@@4¢1Cﬁk1|t‘1a@1qlhil<§10€)cpé¢llﬁalls élaﬁatvtmg pol yner

by i mrers i.n_ano ut i cont a r

oY oserTi riidRe bite e Shagt 3otk oP s SeMh R ohef sRE P ek LOEE TP AORL et ana

i nt er nal &Qﬁh@ﬂg@nom@mmyapmuﬁaﬂ@banﬁqn&@m@md in thls manner do not possess
the stability in organic solvents necessary for many applications. In US

Pat ent No/dditigun] dgtais eencpryngthe daiwpoel he u %%@paﬁ@mzm by placing a
thin layef ea&[onsc%ha'lhoﬂ&‘ GANL AL h'b%&?&& 3\481 gﬂﬁaaang% eWth a
COprOUI’]d contal nin r?uc eop i F1 ¢ noi PI on pro UCt cont ai ns

coval ent dmadlﬁndﬁmw@d)()mm% hfaw;gaamh |[mvm(am(nrra1etiemttlwmqaxbammtegh dreanda
cross-linked selective Ia er on t upper surface of or QUs support.
Hovever , WH7igCRRAdEBRBEC 5 0%%@&5&8@5} VEARTPEPREPE ARl Sac Acconpl i shi ng
reaCt'Onsaﬂﬁnkm§c&ﬁb£€dQf&HﬁﬁoM&R@mﬁh&&bhﬁc%&u&?ﬁ@ﬁﬁﬂn%ﬁqg%ﬂﬁﬂﬁa&% PVDF

menbranes 1s very difficult, An"exanple of this can be found in results of
resear ch on tierep@vidin ofamppéromd oer ncat fres liquid sieesm thattarg mopestaitlar e of

80rdeg. 1 ear H S honhon1a uon Ad ion Sci

Teenmor R BREE hirlolus SRR A0 v SRS e dhse VS or SR 2 ne and
anm de curiniBata@eNied f:ﬂj’os@ﬂéQPﬁMeﬂ&ﬁ'dﬁh&&fn‘dﬂlcﬁs@la's%hbf:&ﬂlﬁd\ﬂe%e ghlteye react both
with the fiuoropolynmer to nodify the surface re?lon and to cross-link the

epoxy r esueﬁctlmhp%sqﬁh mendaggesvil ges dmvnsqrﬂg@l veeitlame. $&b oklass) Futithaci d
tant, f v that th
Crossr t1 rRTh G EEEAIRE MR BRalVIS & A0H ey Vi bk abe AR SBT3 L0

proceed i Fﬂmhhfg&ﬁe Meinbr ke psd i8htdvriaice onthafmiod@nyes of thd divendbh,dn) from VDF
segnents to generate internal double bonds; Mchael ~addition of the diam ne
onto the Iiﬂélég‘F desirgbladesicd dsdnegionsl FONR e ApERVETRRRIONE M WEvAlRRat i on of HI
fromthe onds. The
rechani ary P oL TRl s PREberE iEn B AT kR

hexanet hylirehetioaterine)vesiof hmmopxnlw,(pyﬂ?p}milikn,lﬁ@)sakfmpodnyrrer is described in
an artlclgyhy A. Taguet, B. Aneduri and B. Boutevin, J. Adv. Po!'yin. Sci.,
184, p. 1991898 (2005). This mechani smoccurs in the course of the

Pr ess- CUurgne§LdtB®BiheRtisd M/ fRbwily cﬂ&%t&%@@pply%ﬂcﬂn "J:é]lcf?ﬂd( Fuhéﬁo;ﬁﬁ ep, the
di ami ne dehydrofluorinates the VDF/ 1-1FP diad, creating a bond

Then, by &vbu}memclm|fu1no@nnaitgﬁ@uml»@tnvmemaﬁdugmont ortgidy @Fﬁ@l—‘(alms(ﬂ gr at ed
backbones reatln L e@ﬁ tme@ l%(herlctchal S g.QF-ykl bonds are
sensi ti velFETHE BRYGER Kt %’%‘H%" 20 E5RE S [N, "HGAEEEMP 8™ A furt her
dehydr of | $@ah Beddncdieaiti iRGUER cRerbieN dannetsioRdl.c. paknteldy edrnidihiougs, C=0 bond.
Thus, reaction of the PVDF wth am nes in heterogeneous conditions cannot
be contrdﬂWBGSah@abﬁﬁﬁé@mbﬁaghﬁwﬁ@ﬂmaﬂmémdes|rable stage. It can be

SN0l ST Al b T L SPLLPILPIASERS) ORRU ALY ace anc

nod|f|cahnohcmésmhhtmmbnmnﬁmnmﬁokGMaanﬂwnbmmnaq&&wﬂmcﬂhﬁ%&éWMsﬂQWDF basi s by
| ow nol ecul ar wei ght am nes that provide new properties such as, solvent and

aci d resi ‘P&’rf&%eatlf‘to PRUHNL O HEY ‘d”F‘H‘égtorﬁﬂﬂﬁmﬁﬁlﬁi‘P?‘B%ﬁW%ﬂ%*&%é‘“@ccur
Sem - per %ﬂ%lﬁ]@%%[ﬂ%qgég(n%Yt?es%l ﬁ@ﬁsl@v@ﬁ&wteﬁ’ﬁl& &tivBlyS SRANRIAA s
conponents o ture such as a solution a suspension. In the
cont ext ohaﬁunmqgewﬂmanmsds¢cduahqﬁﬁmbmah@svﬂﬂ@dhﬂebﬂﬁmmlﬁpnTQMHMngcertain

conponent mhile refer | her GO nen 0 pass through
Che” menbr i o R GHBIREIS Xk TSR o Filiier AP TBRLS ekRbhgh t ho

menbr ane hn%n@l%n@s@s ldn¥e [Efi@tRE it 1A UIRArraPEHIRRhRY AP aldh98iRalt hat do not
pass through the nenbrane (i.é., are rejected by the menbrane or are held
by the nenbrane) are generally retbrred to as the "retentate". Dependi ng on
the specific application, the perneatg; the retentate, or both streans nmay
constitute or be enriched in the desired conponent(s), and may be used as
obt ai ned fromthe nenbrane, or may be subjected to further processing. In
order to be economcally viable, the nmenbrane nust provide sufficient flux



including those with relatively large pores, those with smaller pores, or
even those with pores sufficiently small that solute transport through the
menbrane i s governed by the interactions anong specific chem cal functional
groups in the nenbrane polynmer and the feed conponents. Sen -perneabl e

menbranes can be .described by .several different classificati.ons. e net hod

0ol mes r et R i e RS e & ey ShERET BT Mo

i crof i t r addafeldiidE) thrdeél dimahdibaat abis @R tHréE dimengiopiiidnianglch@its(dWolediles €ver se

osSnosi s (R%Tﬂ negbranes. These cl asses are not based on any single exact,
PG

formal def s pepallymenmself svpnveling gnd Bahan asmesihipkepse oamboyhder st ood
in the ne N e I, t t "m.crofi ltration nbr anes”
rofers to THOSEESHT bl preh a5 AE0RS el R B Rl i LB S or
t han aboutis@rdssi¥iconfigeed 2nen UpRETn BOL&r Sheee THentmhathembebheMinedrsaf i | tration
menbranes is not strictly defined, but can be considered tqg he about 10

mi crons. MSfHEPsTEICEbIGMaerind widy caadelugpd oy SCPiAR wBenenp ohd éseg AllGEo
general Iy not. J.6f.6%4 o , 5 Sl dehib 1k kOR; ranes are
comonl y usgd tcoer et@?snsggﬂngﬁléﬁgg??%ghﬁ a?%ﬂs gér?l%{t%g?%ﬁsg@&wma ly, these
menbr anes mhfeow. t he perneati on of smaller conponents, such as sinple salts,
di ssol ved gQrgani ¢ materi.al § havi r‘]’ﬁ ,a ol ecul ar vxgi glhlt of Ieﬁ?é [Elhz_an about
100, 000 antT6IM oMAEP™fHarY | TPELTERAMFHTE HPOPRAFAEIHAPBHSCE At ar e
smal | er tW%rzl%@h&ﬁreﬁ%f:z_xtl\/!gud?@'f'(@%.%ﬁylc%idﬁﬂ@ﬂ%ﬁ%ctﬂﬁ% lhePOSHRSS the _

hi ghest water perneability of the four classes of nenbranes, due to their
| ar ge por ellti gmet'efgonas” orfdligametineimeansypéasepound gt hes 2 talbhbianghedThie pur e

wat er pernmeabil it A .val ue) .of these .menbranes L.s conmonl. reater than
Sour B ooBbirehid ke (S Ao TR 1 For e e sC2t v e 1y
are char aciginbael)hyingpr € si zes of fromabout 0.1 micron to about 5

nanoneters. menbranes are commonly classified by their ability to retain
speci fi c- sihadgme opgpmentas "aplyssrigedviien rafesg foiagractantpigans qoafduned to as

th I [ 1.0f f - dt
r ete aimr)1 ;e)(r:t)ltéz‘gtlrhna\é\ﬁll g’? g?%%e??“ﬁ%%?“& gﬁ%@ﬁ%ﬁﬁﬁ %g' | ésom\//pgélu?rgt er iOaI s

whi | e al | owilvghtiteeigareieat i on of sinple salts and small er di ssolved organic
conpounds.,_The water perneahility of ur;, nenbranes is compnly in the range
of from abbiifttei& “CopaResite frsrRyang gRnk @ FRPOYS ABSLRIA I5EERY ATicORRACRR x h x
bar). Nanafiid s @l SR 4@@01.5@@%? eSatapical ly are defined as nenbranes

whi ch possess the abilit'y to fractionate small conpounds (i.e., those with
nmol ecul ar Thei tgimh Ssuipped nidhami'1LOO)s. anFsebsmmid onte evipduthd snadniecafbeen salts, and
NI menbr ane re.conmmonly used 0 _perneate nongval ent .i ons ile

et ai ni ng RS A EEe sSetrasbleB b Br STy Bb S Ees B aba. o

i oni zabl e G AMIRSHONKIMASHbri8 UTIEAGSPmaicRalsWe v Aol the pores. Al though
not w shi n%bto be bound by theory, it is believed that NF nmenbranes can

ef fect t helsepanallorsudivic enirc mreanes babidon o daigyhzes wiiar ae- 2946 sl furiet er act i on

Compaunds, ©LTRRT e Ton BiTie o B SPRRh RoREREk P VR CUSLA A Q08 G

mol ecul es dlfaite §éilit san TRep@teby peRBRAR 20 LxinBfONR B ApRsicf conmonly in
the range of fromabout A - | liter/(n2 x X bar) to about A =10 liter/(n2
x h x bar)CuF¥apd d05rvgs of ¢areyizerivpicands tean verage fhighnest dhPtnent s ot her
t han t he vent. 18] el . RO

menbr anes Q@éﬁﬁgynap g)l{ ?}1%%50%{}%0%% ?(T:&?' Frk)syn%m]ﬁ%%}g sdré %1 %rﬁg gﬂ%’égﬁ'g@gs comonl y
used to rexonm Sahtont seimofdtcanamindo tiee gposiendidas Bths meadtlix. Giganhe magigppounds.
The wat er }%er Bability of reverse osnosis _nenbranes is .commonly in the
range of fa3MIAdGHThahAE 25 19t g sPgmEx Rt Wiy thegivargh thigknss sstt%ﬂ'r/(mz x h x
bar). Alt, ) ' tRat O o RS are not
et 1y e g B e A aRed T evi ew of
sonme nenbramextsrdensiysheiqtdrenrch es iamdraimenarnd Ximy PhetoSsten spectbbdebpgi on
Model : A i.ew, L W | s, R W Baker, J. Mnbrane Science, 1995, vol.
107 b TS ST S g R N O BUTRBIE by 1 ef o7 ence.
It is genefigkhdoRPekR¥ethd Hats-sea6@f UihERtdRuamdistlot prbiskltRd o aper at e
via a pore flow nodel where the pores of the menbrane sieve the conponents
of the feed mnteof te ndirsLapaverdgaas iypicalh ysddoslaniappespsietei menswemesm. cal

i nteractions tt_)et we\e(g,tt e, c@em’_pfaj_. fjxncti gnal ‘ﬁroug‘s on . the pore wall and
the chenical® FURCTIOHANC gP SHpE BT NEAR fREE QP UV EhO° ¥PE" BT R8ed %t o
generally play only a mnor role in governing separation by mcro
filtration and ultrafiltration rrenbranejrs]. Wth regard to NE and RU
menbranes, the general belief is that these nenbranes effect separation

t hrough both physical and chemi cal interactions. It is believed that since
the pore sizes of these nenbranes are so snmall - thought by sonic to be



mul tival ent anions over nultivalent cations due to charge repulsion (while
mai nt ai ni ng charge neutrality in both the perneate and the retentate). A
menbrane with a net positive charge will tend to retain nultival ent cations
over multival ent anions. Menbranes have al so been used in ot her

applicati r i.on. r a n these
appl|catlgﬁgmgﬁﬁgnﬁzﬁggéﬁgggggﬁhgEF%QHé@@@ﬂéﬁBgﬁ%bhﬂghqﬁ&ﬁn@u%gM ({erlals
Sone menmbsianés usedidndmbraROpr@pektid onahee tHedaikagotenthitsonfaunatteosxpssirtabl y in
pervaporation and g %s separation. In addition to the functional

cl assi fi cErat&soIne al s tastraxpeais P@W%rsah@suaeow OF, NE or RU,

sem - per n?ﬁ@{cﬁnn‘?\@ﬂ@‘?ﬁti@c%ﬂtcﬁﬁ& € pk @lﬁsl l'l@l%opy r{%%h{s fid {VH ure,
Exanpl es are symmetric, asymetric, Bnd ¢ ranes. ynnetrlc
menbr anespameaghgr act :ecmbledc byl havpmgpna:chgmageenmifs:ubmroemsmr:mcst afr e

t hroughout the nenbrane materi al F% symmetric nenbrgnes are sone

VE menbr alEE AT QPRI éq'r‘?é%‘?‘ﬁﬁ’é"ée‘ 3 QHH‘C ALACHRER ThE STOPEs Blfhe

menbr anes 1ess’t\$é’1'%§§u[d&nr£ﬁﬂ@§pﬁ&%§ A R e At §eleataIRY1® it §r ogeneous pore
structure in at least part of the nmenbrane material.” Most commercially

avai | abl epmeﬁtemmathemquds:es@OEthaEyrm’mmumeéDf metirane aGonposs T e menbr anes
are defined one nes c Il ed a

et 1 RepEel BHonadt: ot 8 DA bikuihut o e PSRRI BaE R b h T m

| ayer ar eotusluakd h SERbhekt dfBNpichas apsifcatiie AP OiI0ESiSHPRGEM HReE{eane, Wwhich
is commonly a polynerlc OF or ,M-.nenprane. The thin filmis usuaIIy a

pol ymer | B\lewingrust dasizories d 050 é&8” ¥ Kerx appur 107 sindisenx amorgdsTe e

nmenbr anes of i I _ al tric

Tonbr ans ar R Bk URMA el Bl ot LU, e iy idor (80T e BRI

i nvol vi ng"fandtingtens ﬁmgac@f fibeed peahettd mlghawmntx&emmdmbﬂm&sﬁt Bheuld hr ough

t he use of seg]@@ abl e nenbr anes, % f eed solutions contajn substances

that caus® APYOSTEsPIskEc el Flane GrecHe rditan s HerpBRHEIRE- and
render thﬁex‘iﬁ%ﬂ?ﬂ&?&%&ubw 3Gh&RBlant 84n in HERREA! ?)Qcﬂﬁﬁ)fﬂu&r&?ﬁgrn{e%ﬁ:datslo' utions. A

decline in performance can be caused by altefations in'the nDrphoIogy
and/ or thgvghms*mmaﬁém@admoﬂbegmenyn ofitgdfegfdenbr ane. For exanple, a feed

sol ution n GJ ude .subst anges t eract with nbrane co nts to
ol ast | or 7 ER ghE SR Tirbh Hone EheteRdiI iR T Hege ST  he
nenbrane g fdabstage aNEé 9blufebdGEd@RAoFARB &R Al 18 HRLoabGRetd hat nmay degrade
nmenbr ane conponents include acids, bases, oxidants, nany organic sol vents

and the |9peesseihase protenense 4i.e dlngnissian yhlas i sinpeator ((Gieddodncentimeaitane
conmponent che hani s a t| ci ds an ri.ous chem ca
Funett onar P R Rlec kB A0NGeRl Ok By Rl BEMEEoBBE BS S neory. i
i's belleWanbh@ﬁm,he&mmmﬁnm@@anl deflnltlons and descri ptions of an acid
are those referred to as a Lewis acid or a Bronstead acid, Alewis acid is
a conpounbhaigHp "feéengign apiue" Breansc o8t W@‘Séh“eﬁ"t“?ﬁﬁﬂsélmﬁ‘r’e“%rhé t481 | oqui al
usage of I und t hat
can donatgagﬁéggghﬁﬁﬁggn?g%5ﬁ2§5gﬁiﬁgmg %ﬁﬁg@q%ﬁ%H Higgw %(?8§E£CIdlty
because tdser Eratmogeof a Bronsted acid is capable of accepting el ectrons.
Exanples g:ﬁﬁronsted aC|d i nclude a ch as for exan%é sul furic
aci d, pho o dncrefegtion,vq P‘?“cf’“%&]eéismﬁlltff*&b 1SGRGTRDARS H OPERFGBet i ¢ aci d.
Simiiarl %toﬁl‘l@%&ﬁ, zﬁ@olk‘ﬁl\@a%@ﬁx'llqﬁcéh Ph&:ﬁj%mlﬂﬁ{oﬂf} bt fid BRMkAGsth flsyim num
trichloride, and iron trichloride. Lewi s and Bronsted acids are
capabl e dhalpﬁ“d:rmmwgy pobdspries mdm@r'endatlmph:sn whenagosodsvineat legst nfilvgd pr ocess

is often geferred id hydrolysis. Wien acids attack the polyners of
a sem - pe ?@QB&Q“H@ﬁbgiﬂgﬁ the degradation often is evidenced by an

i ncrease Tl 9@k NEAL thehhOhl RS pUABOE Per ARTDEAREons @6Rt £A8E). TRisSOLHt €
rejection_by the nenbrane, or a conbination of changes in both of these
perfornaﬂ@é‘@ﬁoﬁéﬁﬁ@E@ﬂWEWQﬁkW%éﬁﬂﬁe@Hﬁngeébmhuelther of these properties
f;gengrepfeﬁr%ﬁ%“ﬁ 10nam@rﬂ§{naigﬁl/£{? ltoﬁecprqﬁgfltc&dﬂgi ﬁcﬁ La}?h a?%s a} posr]i]lir‘})nl Y this
nanof i | trcmhrg,xamf@ME)mtamd Tiemems emasivakhscatiBe) nm@ﬂﬁﬁc@ﬁﬁnﬂéﬂ i ZEd tO
process stronq y.acidic feeds. Although initially their per ornance may be
suf f i ci erffoleeipelaesant fihﬂéhuesmw%p@c@ﬂ F‘bhd“ﬂW@a theyorase Ebm aely magiild| y
deteri or 4 r der strongly
acidic cgﬁ ?ﬁgﬁglﬂﬁﬁ &Qﬂﬁgﬁ éﬁ Qﬁ(i?ﬂmﬁﬁgﬁ{&ﬁuﬁﬁ@ﬁ?& gﬁnqgissolved

net al s, such as, cations and/or organic conpounds The use of nano
f||trat|on nenbranes for separation of, copper and other nmetals from

nmetal -containing liquids is well knomm and docunented in the technical and
commercial literature. For exanple, copper is often | eached from copper-
containing ore using sulfuric acid. The copper may be recovered by a



recycling the filtered copper back into the process stream is known in the
art. Typical processes in which NPUF and NW nenbranes were used in copper
and/or nmetal recovery are described in detail in the follow ng patent
publications: U S. 5,116,511, U S. 5,310,486, WO 94/27711, U S. 5,476, 591
WD 95/ 30471 ﬁ“s' 5,.733,431, WD 99/023263, WD 00/50341, U.S. 6, 156, 186,

U S. 6, 165°U5CICcalions 951 833 and U. S. 6, 355, 175 (hereinafter collectively
"the I -1 Wpgdenhdndtdrilhiy Htsatc0sséRal @ftht heseydishsahémbhhe pregatrent
publications nmentioned herein, as well as the disclosures of non-patent

publ i cat i ofgEdle gsornsl thesseicrdlifferpeca bepwegpdheafesd and peirrealy Thet@rence.  Thus,
for exampl bR LA NIne: kBBt baleSPAERES AN 0N EHGORRGL, P OCESS
for recovering c%pper A" ot irer et al [ ORs TTont AcTdi ¢ Waste Wa er; waste
aci d from ¢prigiopaloagRionByr e "femdviiesl [Ehr sugh e epperipas"meadse nmenbr ane
having mcropore structure which prevents the passage of netal ions

t her et hr oUGRONARINE @t SRSt N hEFteen Yakie 84 E'cofoPBRl IRy aci d sol uti on t hr ough

t he menbr apg, o Jn SR o y €.,C ' 94/ 27711
i scl ose e (k" SnoAb A ppRR: et pbreE oDkt o B¢ EARACHLAT Bl

cont ai ni ngtheasiiesabepass Ol isaspect e aliwjwofeed yolofion Grsss thenmedmbrape t hen
passing the acidjc.pernmeate through .netal- absorbing beads to renove any
renaining‘WE@§FWgBHEmF?%ﬁﬂ?ﬂ%obg?gﬁﬁﬁgﬁo%ﬁghnetaI- containing retentate "is
renoved f rom &g "sNshRMnakfle” %e@ﬁ@gﬁpl?m& @6mﬁii§ﬁg’§@l’6'namﬂfheijﬁl@tg@§ inlte NOt
recovered, the enphasis being on purifying the acid sufficiently for re-use
in | E/ EW pradresssskb@ienilhatey, aldg, igelugest rmhympss codprFieg seidanaanide linleges
correspondi VO 9 71 di scl ose rocess for. the renoval of copper and
ther - et e PTE R LS PR PRV BT B0 Pob ok doh Bt ces. The: ast o
vater is pagpatiohdihidd@hn de Ew@@fehltmroagth o inRAREiaN@activhi oflan'apfiggluces a
concentrated netal ion-rich retentate which is prevented from passi ng

t hrough t HEORERYTQIMPTISISHEM o MPra PRBRRR eHklaphapidg g oyps sad §sylfonyl
therethro [ t is.removed fromthe systemfor

st orage aﬁgp%ﬂ Qs?gﬁggﬁ@ah?fﬁqFﬁggﬁg%ﬁ% %h Whi ch has relatively | ow anounts
of resi dudalhediess Ohliphdtictedelabiphidiergeouy)” is Bnelin acthedrtiand incdudes bsdnchedeat ment
colum for the repoval of ~any additjgnal/resjdual dissolved netals (e.g.
metal i onsYynbRBIChE %O%CW%W@C%aWé]#ﬁY FHEIASHP Y Pl FRMPIAIE R OA MRy,
acidic lixiw an sf (OM SRBRES tl'iﬁ@%hﬂgil{méf cfi’éﬁnpﬂﬁﬁ&fﬁl t e QUSRS Bontain

nanofil tration menbrane, and the copper-ion ric regentate may then be
treat ed tdivmedovebont3® wdppertomsdn sgmk nobnd trenhn thgubsing gomtamsirgollvtent

extraction/el ectrow nning.. U S Patent NoS. 733,431 and 165, 344

i 561 ose. dOHEANGROT OO SUIRL SRS TES A PaR AT At 0wt 10

ext ract ant cp@sedon o Ne@dse 8sli b@SlangleindliGe hR eyl QuyINbBgy1( EdPropppper
processing system A lixivant is initially applied to copger ore, followed
by mi xi ng rehtylHeexybppeentlo hvighvli pepntenyki prapnypriodioot, pehtynyhhe i.c
extractant.dyge.%gganic extractant (which contains extracted copper ions)
is then cofifa ?8 ‘Wi th an electrolyte solution. At |east part of the

remai ni ng 'Ig@ANica fubaetdrakiphdticamdeat Bedndel yé Brchebuasduwhasedipssstranbiiugh a
filtration nmenbrane (either an ultrafiltration or, mcrofiltration_nenbrane,
not a NE nrfyelmbydregurbangiipetuses gy cpadvieions theseod; qvegradkyd refarsite akyhet i on
is then reysed widhin i \ l, WAkl .Qf .1 he
copper-co ﬁﬁ%Q%ﬁéﬁéé§E§?§¥§E§%h$é%é@@$§%5?¥??§§8@%§%%$nkgﬁ?géﬁg ively,

t he or gani @hgxpogel sopropry bosy] eearirtaneyifantittier idc.af ter initial contact with
the copper-containing |lixivant product to renove solid wastes from.the
organi c ext¥ ks 2 prbset @&M@“W?“‘%?QB%}%%“%F& % SRS O 39 Bse a
met hod for ﬁlﬁﬁﬁ{cté’ﬁléﬂ- 2B drbciBhlkYREDubOREIKE OB butyDBSpeng@Pl exes of
the netals Wt cyan?ﬁeﬁgre fg%nedyi% g?%h and ?%@%mgfl%gfe Cgglp’basic pll
usi ng a namobdhyl; adingamtytemtilankkc.t he copper conpl exes are retained in the

t ent at d the gold conpl throygh .in the pernpate,. U S  Patent
o, 6. 156, Hget o halagir BopoRariG e sonasds i BEbThinRlE it cosses
for separ aiivig Mt hifle BPRE rHBS8Sng ROOVIER hN@adTBht i;-m%hsezﬂ-bmhﬁas from process

streans in | eaching processes. In sone cases, the desired netal, such as
copper, i sRerescetatitic £xanniples makile pbemydaniddnyl.manbthyl, endthedikeand t hen

recovered Jsing a conmbination of either solvent extraction or_ ion exchange,
o Toved. by Reree EaRT iR dav i ML R0 M S e o R R pper 1o
present in the retentate and the copper is present in the perneate; the
copper may then be recovered by a -fur%?er filtration step. WO 00/50341

di scl oses a process for making sulfuriT acid. The acid may be further
purified by a process that includes, inter alia, the renoval of

mul ti-vaient netal ions fromthe acid by nanofiltration. The netals may



processing. U S. Patent Publication 2007/0125198 (Rossiter) uses a
nanofiltrati on nenbrane clean up an acid process streamand to facilitate
the recovery of copper in a continuous process that also uses ion exchange
and SX'EW U.S. Patent Nos. 6,835,295 and 6, 733, 653 (Jangbarwal a;

Hydr omat | onda16 e 8L 36H B0 R'BEEEAMRLCHLUSES, ff NEGTEIRGADE fofl 2

el ect r ow nni ainn I'on1's drawn from near

t he cat hoﬂtﬂeloﬁnohts&hﬁdselc&ltﬁii frdve tiegralip comisting o€ h&ldpél@k&l&toaygen suifci rcul at ed
to increase ion concentration in the apparatus. The perneate is

di scar deddl&ir‘?é%%%%fa st el Or(hdaliyh pasni pr P%ih’yb%é W&HGE acol urm t o

recover r WO

031 035034 L5 o o B B g S i ai
pi ckling émkﬂmnomsﬂ@ﬁhdymimarﬂbnsﬁwsweehedmnmdihnhgn@npuggkms) cont ai ni ng
per oxi de and di.ssol ve f|| ratign is used to se te net al s
fromthe %ﬁlﬁﬁxlw of RAgmaLy g HaggUdh ‘%%gaﬂés%l&“é’é’éﬁf‘?‘ﬁpli‘:? i hydr ogen
per oxi de, fLﬁflenrquJlEdéﬁtﬂrﬁ%l%gﬁ GO Cxado tlSJ)WO?ieWONME&hlaQOﬁ Pat ent Nos.
5, 587, 083 and 85 war dowski : emeti cs I nternational” Conpany, Ltd.)
di scl osespaeolylapptelyl pmamymi @ﬁtiaaqluéwsdxla[cn ledil-mndcmhlmylsepar ate

chr omat o) BRRRGINE Bocih b FoahisOBh BiahaVERTR) BB CedB Gt ot on)

di scl osesoiihe, man@émk@ratlon of aqueous broni de solutlons to separate
nonoval ent bronhde fron1nu|tgyalent anions. U S. Patent No. 6,843,917 (Cut
et al.: Uhns/srsi beteropbipinscher hateeraliphic groye] skagwa ndemsidnddgnel Q@?ﬁar ating

| ant hani d@rﬁngﬁg oREhLALGERE ch¥oh Qﬁﬂhé‘&h&%[mlh%ﬁﬁn o in ehﬁi)fed%mne th

chel ators and then separating the conplexes by Ranot ation . S. Pat ent
Publ|catrmnmﬂ@@sdﬁn896&®xkﬁqxasqhﬁ@@mamuﬂhlmwdns@hnﬁ@ﬁsa process for the
clectrow, n|n of cg& involves th%Pfornatlon of copper- cyani de

conplexes ﬂﬂ?q “§ﬁ@“@86§¥%@ﬁ%ﬁ‘ﬁ? 3P Karep Aaesaed o abeBjder and
cyani de i g%t |THQcOMWBRE! 1 QR% A ERERY hethhys &hB&h fifam ﬂw f[b%u&%‘d

nanofiltration is used to recover the cyanide ions, unli
mul ti val essebdnorigmp pied Bom abaut his abpat Ehhgesstotiis ngnmu qnnttdqlenm‘ts neate. U.S.

Pat ent No., 6, 827, 8 et .al.: Brac [ in S.p.A ) discloses the
hae ot oty bt RE o TP 2Rl g Sy P ators BEE RO R LB Btld s our Se t ot ho
per meat e |aserB@bins MRedrBRnitiv @y, ¢4 Asfid@ ISR hPE t3-RRtHAk |, bh. Patent
PubllcatloﬁﬂZOOSfOOég74g {Lléﬁ&g? al . IIVVA&V&%%Q% Tec%no?&g?is Inc.)

dlsclose§h9hb¢ocess whi ch uses a NE nenbrane to separate Ee Fc203
(retentat- h.is interest .to .t.he inventors

and recyc e dte%l? lb{ang@sné’ﬁgﬁgfg%ﬁ%hs %{ &18 ﬁ%nrbm%%cat%ce A NGt 8H§1Elﬁ%y be

conpl execdhaviet fihia cbm Bﬂﬁfe’lilﬁed M6 Sasld, B?Efredmxﬁgbbfmﬂﬁl of being retained.
Q her "val yabl e netal s"_ are on1the tetentate by EWand SX/ 1E. U.S. Patent
No. 5, 945X6rOtY es&l#@%ﬂ%fe@tfogwupa oRfromy hist oearkpnpany pf aisyricbses a process

for puri faikigﬁxﬁg%éﬁé‘%d u?‘ﬁfoq 2By c&hbhﬁﬂhﬁl&h fclfigt. BH&F&W@&S b?rf:f'i‘tc' d through a

pol yam de rane t tain purer oric acid; tering at
| ower teMRucanruﬁmlghhamX\mem @xemptu:s$ﬂ(,yuchlzonahoxmetHobcp,qaloﬁoxyhe pol yam de NEMs
is reported to be |en thq . .
isopropoxy, cycloptopyloxy, cyclohexyloxy and the like. Lower-altkoxy refers to
groups containing one to four carbons.
Acyl refers to groups of from 1 to 8 carbon atoms of a straight, branched, cyclic
configuration, saturated, unsaturated and aromatic and combinations thereof, attached
to the parent structure through a carbonyt functionality. One or more carbons in the
acyl residue may be replaced by nitrogen, oxygen ot suifur as long as the point of
attachment to the parent remains at the carbonyl. Examples include formyl, acetyl,
propionyl, isobutyryl, t-butoxycarbonyl, benzoyl, benzyloxycarbonyl and the like.
Lower-acyl refers to groups containing one to four carbons. Acylalkyl refers to a

residue in which an acyl group is attached to an alkylgroup which is attached to the
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U. S. Patent Publication 2008/ 0000809 (Wang et al.; GE d obal Research)
descri bes the use of an organic solvent-stable NE or RU nenbrane to filter
a hydrocarbon feedstock to renove vanadi umtherefrom Although the
menbranes are said to be "stable" to the solvent, no actual exanpl es of
such nmenbr ‘ Lo nt hesi.s AL rovided. .The NE nmenbranes enpl oyed
inthe 1-1 %@tghtegégrg Ié‘ V%%‘Il@gﬁ%%c%é?mrir%r gﬁglsl;cmﬁ%th{%?r%ﬁ?anes known in
the art aréhabaseiedns loyikil"desidess. pol yam nes (see, e.g. U S. Patent No.
5,152,901 (Hodgdon; lonics, Incorporated)). There is no discussion in the
HW pat ent sAbHlalkHeneanggh it pitagied [ty Hie nap slapotuistvia pealked iseidie-anes enpl oyed.
However, it .SUbhseq I u hat . t he pol yam de NE nenbranes degraded
in the aci%f%@%%#?%ﬁﬁ n’{]}!lgﬁﬁflﬁa@gtt%@ et"repl aced approximately every 3 to 6
nmont hs. |t Substitined efkgl, eryly @ctradbl ehetmotistyl fear. rdftretoadippernyl egdvadkyl, b om
l'ixiviation solution NE nenbranes with high stability in acidic

envi 1 onment ST OReLH HTEP R HEF S H L0 @ 'aéeSffﬁ%‘ep@Piﬂa?ﬁ WHE alyht | ack the
necessary byl Jobr st he ; i hS: at ent No.
7133, 058 TR B e, A R a1
reported tisfdmeddo as pipxycathoay])staaixantigo (absosafeigrite anakglaniimearteniphane i s
produced usin arl}oi ngertf_agi al rg(a ti.on cﬁflk amne _and s lfl@?' chloride to
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different 'ir%“it{{z ANt RE oncfy TRI5n fm uset%[ and effective membrane separation.

Selectivity and optimized fluxes are generally essential for achieving the separation
goal, In some applications very high retention of all small soluble molecules is
required. In other applications separation between low molecular solutes from larger
solutes is needed; thus selectivity 1s one of the parameters that must be achieved
simultaneously with the chemical, compaction and temperature stabilities. At present,
no single membrane type is available with ail such propertics that can provide an
appropriate solution to all needed separations, and specific combination of properties
must be tuned to achieve acceptable stability and separation selectivity. No
membranes suit atl applications. Some membranes that are needed in the separation
ficid of ultrafiltration, nanofiltration, reverse osmosis, pervaporation, vapor
permeation and catalysis are not availabie. Typical exampics demonstrating
limitations of the present membrane classes are given below.

Ceramic membrane suppotts have very good thermal stability exceeding 250°C. They
are also known to have good solvent stability and stability against attack in oxidizing
media. However, their pressure stability, particularly of their tubular configurations, is
limited in many cases to 20-30 bars only, while standard polymeric membranes for
reverse osmosis can withstand pressures of up to 70 and even 80 bars in spiral wound
configuration and in plate and frame configuration may exceed 120 bars. The limited
pressure stability of the currently available ceramic supports in tubular or capillary
configurations is a serious limitation, that Himits the use of NF or RO membranes
made on such ceramic supports to streams with low concentrations of soluble matter
that exert low osmotic pressures where low hydrostatic pressures provide a
satisfactory solution. In many cases the stability of ccramic membranes in harsh
acidic or alkaline environments is inferior to the stability of some polymeric supports

such as polyether ether ketone (PEEK), polyphenylene sulfone (PPSu} and even of
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polysuifone (PS) and polyethersuifone (PES). Ceramic nanofiltration membranes with
tight molecular weight cutoff (MWCO ~ 200 Daltons) are known and reported in the
literature, but the selectivity between molecules of varying molecular weights is still
timited and is inferior to the selectivity that can be achieved with a variety of
poiymeric thin film composite layers.

A class of hybrid ceramic polymeric membranes has been developed, allowing a
variety of polymeric top layers to be coated onto ceramic UF supports. Such polymer
layers may be endowed with a variety of important propertics, such as stability,
selectivity and permeability in various organic solvents (WO 99/40996). It will be
apprectated that ceramic-polymeric hybrids extend the range of achievabie
selectivities and the range of solvent and chemical stabilities of the ceramic
membranes but does not provide an adequate solution to their limited stability in
strong acids and bases and limited pressure stability. Another common problem of the
ceramic membranes is their brittleness and very high cost. These factors limit their
use to only very special cases. A wide range of polymeric membranes can be used for
making UF, NF,

RO, PV and MF membranes and membranes for separations of catalysts. Some of
these membranes such as PES, PS, PPSu, PPS (Polyphenylencsulfide), PPO
(Polyphenyleneoxide) have excellent stability under high applied pressure combined
with good chemical resistance against attack in oxidizing media, but they lack
stability in organic solvents. As mentioned above, a combination of solvent stability
with a chemical stability in extreme pH conditions and in oxidizing environment is
needed for many industrial and wastewater applications, however the combination of
such properties is lacking in almost all currently avaitable membranes.

Solvent resistant polymeric membranes for UF, NI & PV applications are known.
Typical polymers for making solvent resistant membranes are made from cellulose,
polyacrylonitrile or poly-imides. These membranes do not possess the required
stabilities in strong actdic, alkaline and oxidizing media.

Cross-linked polyacrylonitriles disclosed in U.S. Patent No. 5,032,282 are limited in
their acid and base stability (pH range 2-12), their thermal stability and their
resistance to oxidants.

Cross-linked PANGMA disclosed in U.S. Patent No. 6,159,370 has shown very good
solvent stability and is reported to have some stability in actdic media but has fimited

stability in concentrated caustic conditions and in concentrated acids. This material
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"AN-GMTI-1,1 109 11 Exanple 2: Menbranes prepared in accordance with the
procedure of Exanple |I were placed in N-nethylpyrrolidone for a period of |
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organic solvents. PAN, PVDF, PS, PES, PPSu and membranes thereof, swell and
dissolve in many organic solvents such as acetone, toluene, n-butylamine, methyl
chloride, methylethylketone, and the like. PAN membranes are also of limited use in
presence of organic solvents since they tend to swell and dissolve in solvents such as
DMFEFA, DMSO and NMP.
The patent literature includes many examples of modification procedures to overcome

these disadvantages, including U.S. Patent No. 6,159,370, U.S. Patent No. 4,477,634,
European Patent No. EP 0574957 and U.S. Patent No. 5,032,282, However, such
methods suffer from one or more disadvantages or limitations, such as a need for
toxic and expensive reagents, and/or organic solvents, incomplete cross-linking and/or
poor control over the extent of modification.

Other types of damage that can occur to multilayer membranes when used in harsh
conditions is delamination, i.e. the separation between the different layers of the
membrane due to their different degree of swelling and thus different degree of
dimensional change. This causes adjacent layers to separate and tmparts substantial
damage to both the performance and working life of the membrane.

Solvent resistant membranes based on PAN and PVDF are known. They have been
described in European Patent No. EP 0574957 and in U.S. Patent No. 5,032,282,
Stability of solvent resistant membranes can be achieved by chemical modification of
the entire polymeric matrix of polyacrylonitrile or polyvinylidene fluoride and their
subsequent surface cross-linking as is shown in the following description.

European Patent No. EP 0574957 states that PAN and PVDF membranes were cross-
linked by immersion for 5 minutes in 1% wt/vol. sodium ethoxide, drained and then
heated to 1 15°C for 30 minutes. It is well known in the state of the art to perform
such a reaclion throughout the whole bulk of a polymer or membrane. There are many
known polymeric products based on this approach, including ion exchange resins
based on cross-linked polystyrene, electrodialysis membranes, epoxy resins and other

similar materials.
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Exanpl e 4: A PAN-GMT- LI UF support nenbrane was nodified in accordance with
the procedure of Exanple |I. The procedure was nodified by using 4% PEl of

| MM 25, 000. The nenbrane was tested in accordance with the test nethod
described in Exanple 1. The results are shown in Table 3. Exanple 5 A
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performance Tabl e 3: Perneabi | (1 El nodi fi ed PAN UF
Menbr ane Beborseckal. Ubnte mctbadmtals(omcd for making thin coatings on porous
substrates such as top layers of NF, RO, PV and similar membranes types.
A major class of pressure driven membranes, such as MF, UF, NF, RO,
PV and gas permeating membranes, have asymmetric structures and such membranes
are made by a well known phase inversion process, in which a solution of a polymer
in an organic solvent or solvent mixture is cast first as a flat layer and then immersed
in a water bath, thereby imparting an asymmetric structure to the membrane.
There is very large class of polymers that can be cast into an asymmetric form in such
a mannet, mainly as MF or UF membranes, but sometimes as NF and RO membranes.
The most well known are those made from PAN, PVDF, polyimide, polyamide, PS,
PES, PPSu, celiulose, cellulose acetate and others. As mentioned, most ol such
membranes lack one or more commonly desired resistances, and desired combinations
of stability properties such as chemical, oxidation, thermal and solvent stabilities have
not hitherto been available, and certainly not at commetciaily viable prices.
Cross-linking methods based on development of special copolymers are usually
complicated, involving difficult chemical reactions. In many cases special copolymers
must be manufactured in order to insert inte a chain of the main polymer, an
appropriate chemically reactive group that is capable of performing a cross-linking
chemtical reaction throughout the polymer structure.
It will be appreciated that in order to perform a cross-linking reaction, a low MW
cross-linker must penetrate into the bulk of a polymeric backbone and react
with the reactive functional groups. An example of such a cross-linking method is a
solvent stable membrane presented in U.S. Patent No. 6,159,370 (Hicke et al.),

wherein a method of manufacturing a polyacrylonitrile copolymer by reacting
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acrylonitrile with glycidyimethacrylate groups is described. A completely new
polymer must be manufactured which is both complicated and costly. Such a polymer
is first cast into an asymmetric membrane and subsequently cross-linked using
ammonia as the cross- linket.

The complexity and costs of implementation of such a method are self- evident. Such
an approach for making solvent and acid resistant membranes has several drawbacks:
(a) A new polymer must be synthesized from monomers, which is not a commercial
process. This requires specialized synthetic facilities and results in a high cost raw
polymer for making such membranes. [t will be appreciated that the production of
commercial quantities requires significant investment and is more expensive than
purchasing commercially available polymers that are conventionally used for making
membranes.

{(b) A new casting formulation must be developed every time a new polymer is
developed and synthesized.

(c) The cross-linking reaction is complicated and requires use of aggressive and
poisonous reagents (gaseous ammonia) and reactors that have negative environmental
effects.

{d) The reaction requires expensive equipment and can be carried out only in small
production batches, again adding to the cost of the membranes produced by such an
approach. Direct modification of PAN by monomeric amines involves many
difficulties. As is known, hydroxylamine can react in mild conditions with aliphatic,
aromatic and polymeric nitriles by forming amidoxime groups at high conversion
("The Chemistry of the Cyano Group", F. C. Schaefer ed. Z, Rappoport, Interscience,
New York, chapter 6, p. 239-305, (1970); "The Chemistry of Amidoximes and
Related Compounds”, F. Eloy and R. Lenaers, Chem. Rev., 62, p.155, (1962)).
Polyacrylonitrile has been cross-linked throughout the whole membrane matrix by
thermal methods (U.S. Patent No. 5,039,421). In this case the increase of
temperature, in a type of a pre-pyrolysis step, leads to a conversion of acrylonitrile
groups into cyclical structures. While a highly cross-linked membrane was formed
with very good solvent stability, the PAN backbone is vulnerable to decomposition at
extreme acidic or alkaline conditions and to oxidants. U.S. Patent No. 4,477,634
describes a process for modifying PAN through a reaction of (a) hydroxylamine as a
first step for converting acrylonitrile groups of PAN into amidoxime groups and (b) a

pelylunctional ionic cyclic carbonic acid amide-halide (cyanuric acid) capable of
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reaction with the amidoxime groups. Only a partly cross-linked PAN membrane is
formed, due to the iow conversion of the nitrile groups of PAN to amidoxime, Only
about a 20% conversion of the nitrile groups is obtained, even though the reaction is
typically effected at 60°C.

Such a low conversion value demonstrates the difficulties of polymer modification
under heterogeneous conditions. By using onty the first step above, the nitrile groups
are converted into amidoxime without imparting to the membrane any degree of
cross-linking. The use of a second step is essential for cross-linking, since only then a
reaction of the amidoxime groups with carbonic acid imide-halide forms covalent
bonds, thereby imparting stability in solvents and acids to the membrane.

Such modification of membranes is carried out in two steps and involves a very
difficult technological process using labile, toxic compounds. This is particularly true
in respect of the second step of the process, which employs a 2% cyanuric chloride
suspension at 0-5<0>C. It will further be appreciated that the high consumption of
cyanutic chloride and large quantities of water create significant ecological problems,
and dealing with this in an appropriate manner adds to the costs of production.

There are other possible methods for cross-linking polyacrylonitrile polymers. For
example, it is known from the literature that the nitrile groups present can react with
amine groups to produce an amidine ("The Chemistry of the Cyano Group" F. C.
Schaefer ed. Z. Rappoport, Interscience, New York, chapter 6, p. 239-305 (1970)).
However, these reactions require extreme reaction conditions such as high
temperature, pressure, anhydrous solvents and catalysts. Solvent resistant polyimides
have been made by first casting polyamic acid and then heating. Solvent resistant
polyimide membranes have been made by casting unsaturated polyimides, as
described for example in European Patent No. EP 0 422 506 Al, Burgoyne, et al,
which can be cross-linked through the double bonds by free radicals or ionizing
radiation. Solvent stable membranes based on an aromatic polymer having a thio ether
can be made by oxidizing the membrane, thereby making them insolubilized, as
described in Nakashima et al, U.S. Patent No. 5,272,657. In some cases the cross-
linking s achieved as a resuit of a complete change in the chemical nature of the
starting polymer. For example, a celtulose derivative can become solvent resistant by
hydrolyzing most of its acetate groups, thereby converting it to essentially insoluble
regenerated cellulose. This material can then be converted into a completely cross-

linked structure by reacting with either a bi- functional or a multi-functional reactant.
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In U.S. Patent No. 5,282,971 (P. I. Degen, J. Lee, Pall Corp., Feb. 1, 1997),
polyvinylidene fluoride MF membranes are positively charged on all their external
and internal surfaces by exposing the membrane to ionizing radiation (gamma and
electron radiation), which produces radicals on the membrane, and then contacting it
with an aqueous solution containing vinyl monomers, at least some of which are
cationically charged (most preferably using diallyldimethyl ammonium chloride), and
non-ionic but polar monomers (e.g., HEMA). After irradiation and polymerization,
the membrane 1s washed to remove polymer that 1s not bound to the membrane.

In U.S. Patent No. 4,778,596 to Linder et al. (Oct. 18, 1988} a semipermeable
membrang is formed by first coating by immersion all the external and internal
surfaces with a coating polymer and then cross-inking this external coating polymer
by immersion in another solution containing a cross-linker. The cross-linker diffuses
into the coating and cross-links both external and internal coatings, however,
membranes formed in this manner do not possess the stability in organic solvents
necessary for many applications.

In U.S. Patent No. 4,704,324 to Davis, composite membranes are formed by placing a
thin layer of solution containing reactive cationic compound with a compound
containing a nucleophilic moiety. The reaction product contains covalent bonds
formed via charge elimination reactions and gives a cross-iinked selective layer on the
upper surface of a porous support. However, this method does not form a solvent
stable membrane.

Accomplishing reactions of the amine groups with nitrile or halogen compounds of
PVDI membranes is very difficult, An example of this can be found in results of
rescarch on the PVDF reactions with amines 1n vacuum, at temperature of 80[deg.|C
appearing in H. Schonhorn and J.P. Luongo, J. Adhesion Sci. Technol., Vol. 3, N4,
pp. 227-290, {1989). There it was shown that amine and amide curing agents for
epoxy resins serve a dual function. They react both with the fiuoropolymer to modify
the surface region and to cross-iink the epoxy resin. This publication does not disclose
any solvent and actd resistant surface modified PVDE polymer matrix.

It is also known that the cross-linking mechanism of diamines with VDF- based
fluoro-polymers may proceed in three main steps: elimination of HF
(dehydrofivorination) from VDF segments to generate internal double bonds; Michacel
addition of the diamine onto the resulting double bonds to form cross-links, and

elimination of HF from the cross-links during post-cure, to form further double bhonds.
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controlled and cannot be stopped at a desirable stage. It can be reasonably assumed
that the modification process occurs on the sutface and not in the bulk of the
polymeric film. By contrast, in the case of modification of the polymeric films and
membranes on a PAN or PVDF basis by low molecular weight amines that provide
new propetrties such as solvent and acid resistance, it can be assumed that bulk
modification does occur.

Semi-permeable membranes have a long history of use in separating components of a
fluid mixture such as a solution or a suspension. In the context of such separations,
such membranes preferentially retain certain components while

preferentially allowing other components to pass through the membrane, The
components of the feed fluid that pass through the membrane are generally referred to
as the "permeate” and thosc that deo not pass through the membrane (i.e., are rejected
by the membrane or are held by the membrane) are generally referred to as the
"retentate”. Depending on the specific application, the permeate, the retentate, or both
strcams may constitute or be enriched in the desired compoenent(s), and may be used
as obtained from the membrane, or may be subjected to further processing. In order to
be cconomically viable, the membrane must provide sufficient flux (the rate of
permeate flow per unit of membrane area) and separation (the degree to which the
membrane is able to retain certain components while allowing others to pass through).
The degree of separation and permeate flux obtained in a membrane separation
process are determined in large part by the general morphology of the membrane,
together with its physiochemistry. Depending on the membrane formation technique

employed, a given polymer type can be used to fabricate a wide variety of membranes
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including those with relatively large pores, those with smaller pores, or even those
with pores sufficiently small that solute transport through the membrane is governed
by the interactions among specific chemical functional groups in the membrane
polymer and the feed components.

Semi-permeable membranes can be described by several different classifications. One
method of classifying liquid permeating membranes is to refer to them as
microfitration (MF}, ultrafiltration (UF), nanofiltration (NF), or reverse osmosis (RO)
membranes. These classes are not based on any single exact, formal definition, but are
nevertheless terms commonly used and understood in the membrane industry.

In general, the term "microfiltration membranes” refers to those membranes with
pores having an average diameter of greater than about 0.1 microns. The upper pore
size limitation of mictrofiltration membranes is not strictly defined, but can be
constdered to be about 10 microns. Materials with pore sizes larger than about 10
microns are generally not referred to as membranes. Microfiltration (MF) membranes
are commonly used to retain smail particulates and microbes. Typically, these
membranes allow the permeation of smaller components, such as simple salts,
dissolved organic materials having a molecular weight of less than about 100,000 and
colloidal particles that have physical dimensions that are smaller than pores of MF
membrane.

MF membranes usually possess the highest water permeability of the four classes of
membranes, due to their large pore diameters as well as their typical high pore
density. The pure water permeability (A value) of these membranes is commonty
greater than about 5,000 Iitcr/(m2 x hx bar), Ultrafiltration (UF) membranes typically
arc characterized by pore sizes of from about 0.1 micron to about 5 nanometers. UF
membranes are commonly classified by their ability to retain specific-sized
components dissoived in a solution. This is referred to as the molecular weight cut-off
(MWCO). UF membranes are commonly used to retain proteins, starches, and other
relatively large dissolved materials while allowing the permeation of simple salts and
smatiter dissolved organic compounds. The water permeability of UF membrancs 1s
commonly in the range of from about A = 100 literf’(m2 x h x bar) to about A = 5000
litcrf’(nfl2 x h x bar).

Nanofiltration (NF) membranes typically are defined as membranes which possess the
abitity to fractionate smali compounds (i.¢., those with molecular weights less than

1000). The small compounds are often salts, and NF membranes are commonly used
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to permeate monovalent fons while retaining divalent ions. NF membranes typicaliy
possess ionized or ionizable groups on their surfaces, including within the pores.
Although not wishing to be bound by theory, 1t is believed that NF membranes can
effect the separation of ionic matetials through a charge-based interaction mechanism.
NI membranes also can be used to separate uncharged organic compounds,
sometimes in solvents other than water or to separate organic molecules from salts.
The water permeability of NF membranes is comimonly in the range of from about A
= liter/(m® x h x bar) to about A = [Q Iiter}’(m2 x b x bar).

Reverse osmosis (RO) membranes can retain all components other than the
permeating solvent (usually water). Like NF membranes, RO membranes can contain
ionic functional groups, RO membranes are commonty used to remove salt from
water and to concentrate small organic compounds. The water permeability of reverse
osmosis membranes is commonly in the range of from about A=0.2 liter/(m x h x bar)
to about A=5 liter/(m” x h x bar).

Although the mechanisms that govern membrane performance are not exactly
defined, some basic theories have been postulated. A good review of some membrane
transport theories can be found in The Solution Diffusion Model: A Review,

5.G. Wijmans, R. W. Baker, J. Membrane Science, 1995, vol. 107, pp. 1-21, the
contents of which are incorporated herein by reference.

It is generally believed that microfiltration and ultrafiltration operate via a pore flow
model where the pores of the membrane sieve the components of the feed solution
through primarily physical interaction. Chemical interactions between the chemical
functional groups on the pore wall and the chemical functional groups of the feed
solutions are believed to generally play only a minor role in governing separation by
microfiftration and ultrafiltration membranes.

With regard to NI' and RO membranes, the general belief is that these membranes
effect separation through both physical and chemical interactions. It is believed that
since the pore sizes of these membranes are so small - thought by some to be simply
the void space between atoms or chains of atoms - targe particles are retained by these
membranes because they are physically too large to pass through the membranes. The
transport of small components is thought to be governed in part by size-based sieving,
as with MI' and UT* membranes, but also to be influenced by interactions between the
membrane material and the solute. An NF membrane having an abundance of

negatively charged functional groups, for example, will tend to preferentially retain
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multivalent anions over multivalent cations due to charge repulsion (while
maintaining charge neutrality in both the permeate and the retentate). A membrane
with a net positive charge will tend to retain multivalent cations over multivalent
anions.

Membranes have also been used in other applications such as pervaporation and gas
separation. Typically, in these applications, the membranes permeate gaseous rather
than liquid materials. Some membranes used in RO and NF have been found to
function suitably in pervaporation and gas separation.
fn addition to the functional classification of liquid-filtering membranes as MF, UF,
NF or RO, semi-permeable membranes also can be classified by their structure,
Examples are symmetric, asymmetric, and composite membranes. Symmetric
membrancs are characterized by having a homogeneous pore structure throughout the
membrane material. Examples of symmetric membranes are some M membranes,
many ccramic membranes, and track-etched microporous membranes.

Asymmetric membranes are characterized by a heterogeneous pore structuee in at
least part of the membrane material. Most commercially available UF membranes
possess an asymmetric structure.

Composite membranes are defined as having at least one thin filin (also sometimes
called a matrix) layered on a porous support membrane. The pores of the thin film
layer are usually smaller than those of the porous support membrane, which is
commonly a polymeric UF or MF membrane. The thin fiim is usually a polymer layer
of a thickness of less than about I micron. Composite membranes of this type are
usually asymmetric, but not all asymmetric membranes are composite membranes.
While many types of separations involving a wide range of feed solutions have been
made possible through the use of semi-permeable membranes, some feed solutions
contain substances that cause the degradation of the membrane or membrane
performance and render the membranes impractical for separation of these feed
solutions. A decline in performance can be caused by alterations in the morphology
and/or the physio-chemical integrity of the membrane. For example, a feed solution
can include substances that interact with membrane components to plasticize, dissolve
or react with them chemically, thus degrading the membrane structure and/or
function. Examples of substances that may degrade membrane components include
acids, bases, oxidants, many organic solvents and the like. Thus solvents can often

plasticize or dissolve membrane components.
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The chemical mechanism of action of acids on various chemical functional groups is
well known. Without wishing to be bound by theory, it is believed that the most
useful definitions and descriptions of an acid are those referred to as a Lewis acid or a
Bronstead acid. A Lewis acid is a compound that is capable of accepting ¢lectrons.
The more colloquial usage of the term "acid" is that of a Bronstead acid, i.e. a
compound that can donate one or more protons. Bronsted acids all exhibit Lewis
acidity because the proton of a Bronsted acid is capable of accepting electrons.
Examples of Bronsted acids include acids such as, for example, sulfuric acid,
phosphoric acid, nitric acid, hydrochloric acid, and acetic acid. Similatly, examples of
Lewis acids include boron trifiuoride, aluminum trichloride, and iron trichloride.
Both Lewis and Bronsted acids are capable of promoting polymer degradations. In
aqueous media, this process is often referred to as acid hydrolysis.

When acids attack the polymers of a semi-permeable membrane, the degradation
often is evidenced by an increase in permeate flow through the membrane, a decrease
in solute rejection by the membrane, or a combination of changes in both of these
performance properties. Significant changes in either of these properties can make the
use of @ membrane for separation impractical. Commonly, this type of performance
degradation is observed when commercial polyamide nanofiltration (NF) and reverse
osmosis (RO) membranes are utilized to process strongly acidic feeds. Although
inittally their performance may be sufficient to perform the desired separation, the
performance rapidly deteriorates, i.e. within a short period of time operating under
strongly acidic conditions, the membranes lose the ability to retain dissolved metals,
such as, cations and/or organic compounds.

The use of nanofiltration membranes for separation of copper and other metals from
metal-containing liquids is well known and documented in the technical and
commercial literature. For example, copper is often leached from copper- containing
ore using sulfuric acid. The copper may be recovered by a combination of solvent
extraction (SE), ion exchange (IE) and electrowinning (EW), but the use of NF
membranes to filter copper ions from copper-ion containing streams in such
processes, either to improve the recovery of copper and/or to purify waste streams
and/or to purify the acid for re-use, is known in the art. Thus, the use of nanofiltration
membrane for concentrating copper from an acidic process stream prior to its
recovery by a subsequent SE, or ion exchange (IE) and/or EW process, or for

improving the yield of the process by filtering the acidic raffinate stream and
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Exanple 9: A PAN-GMTI-LI UE nenbrane was nodified according to the procedure
of Exanple |, but was exposed to roomtenperature for 17 hrs instead of
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The disclosures of these and all other patent publications mentioned herein, as well as
the disclosures of non-patent publications mentioned herein, are incorporated herein
by reference.

Thus, for example, U.S. Patent No. 5,116,511 describes an ion exchange process for
recovering copper and other metal ions from acidic waste water; waste acid from this
process may be filtered through "a semi-permeabie membrane having micropore
structure which prevents the passage of metal ions therethrough while allowing the
passage of primary acid solution through the membrane.”

U.S. Patent No. 5,310,486 and the corresponding WO 94/27711 disclose the use of a
naneliltration membrane to filter metal-ion containing wastewater to remove the
majority of ions thercform, then passing the acidic permeate through metal- absorbing
beads to remove any remaining metal ions from the permeate. The metal- containing
retentate "1s removed from the system for storage and/or disposal”. The metal 13 not
recovered, the emphasis being on purifying the acid sufficiently for re-use in IE/EW
processes.

Similarly, U.S. Patent No. 5,476, 591 and the corresponding WO 95/30471 disclose a
process for the removal of copper and other metal ions from waste water in metal
leaching processes, The waste water is passed through a nanofiitration membrane,
which "produces a concentrated metal ton-rich retentate which is prevented {from
passing through the membrane system and a permeate which readily passes
therethrough. The concentrated retentate is removed from the system for storage
and/or disposal while the permate (which has relatively low amounts of residual
dissolved metals therein) is directed into a first treatment column for the removal of
any additional/residual dissolved metals {(e.g. metal tons) not removed by the
nanofiltration system.” Alternatively, acidic lixiviant from copper leaching may be
passed through a nanofiltration membrane, and the copper-ion rich retentate may then
be treated to recover the copper, using known techniques such as solvent

extraction/electrowinning. U.S. Patent Nos. 5,733,431 and 6,165,344 disclose a
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method for removing solid wastes from an organie extractant-based solvent extraction
(SXYelectrowinning (EW) copper processing system. A lixivant is inttzally applied to
copper ore, followed by mixing of the copper-containing lixivant product with an
organic extractant. The organic extractant (which contains extracted copper ions) is
then contacted with an electrolyte solution. At least part of the remaining organic
fraction after electrolyte contact is passed through a filtration membrane (either an
ultrafiltration or microfiltration membrane, not a NF membrane) to remove solid

wastes.

The filtered organic fraction is then reused within the system, followed by
electrowinning of the copper-containing ¢lectrolyte to recover purified copper.
Alternatively, the organic extractant may be membrane-filtered after initial contact
with the copper-containing lixivant product to remove solid wastes from the organic
extractant.

U.S. Patent Nos. 5,961,833 and 6,355,175 disclose a method for separating gold (or
silver) tons from copper ions. Complexes of the metals with cyanide are formed in
situ and then filtered at basic pH using a nanofiltration membrane; the copper
complexes are retained in the retentate and the gold complexes pass through in the
permeate.

U.S. Patent No. 6,156,186 and the corresponding WO 99/23263 disclosc vartous
processes for separating and in some cases recovering multivalent ions from process
streams in feaching processes. In some cases, the desired metal, such as copper, 15
filtered from a waste stream by nanofiltration and then recovered using a combination
of either solvent extraction or ion exchange, followed by electrowinning. In other
cases, a metal other than copper is present in the retentate and the copper is present in
the permeate; the copper may then be recovered by a further filtration step.

WO 00/50341 discloses a process for making sulfuric acid. The acid may be further
purified by a process that includes, inter alia, the removal of muiti-vatent metal ions
from the acid by nanofiltration. "The metals may optionally be recovered by
precipitation, electrolysis, ion exchange resins, cementation or solvent extraction.
1J.S. Patent No. 5,547,579 (Brown; Eco-Tec Limited) discloses a process for
purifying acid by using a nanofiltration membrane in conjunction with an acid
absorption umit. U.S. Patent No. 7,077,953 (Ranney; Harris Group, Inc.) discloscs a

process in which a nanofiltration unit is utilized to separate sugars from acid in sugar
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processing.

U.S. Patent Publication 2007/0125198 (Rossiter) uses a nanofiltration membrane
ciean up an acid process stream and to facilitate the recovery of copper in a
continuous process that also uses ion exchange and SX/EW.

U.S. Patent Nos. 6,835,295 and 6,733,653 (Jangbarwala; Hydromatix, Inc.) disclose a
process which uses a NF membrane in an electrowinning apparatus-metal-ion
containing solution is drawn from near the cathode, filtered, and the metal-ion
entiched retentate is recirculated to increase Cu ion concentration in the apparatus.
The permeate is discarded or processed separately. The use of an ion exchange
column to recover Cu from semiconductor wafer fabrication is also discussed. WO
03/035934 (Brown; Eco-Tec Limited) discloses a method for recovering acidic
pickling solutions (from stainless steel finishing processes) containing peroxide and
dissolved metal, Nanofiltration is used to separate metals from the solution; in order
to reduce membrane susceptibility to hydrogen peroxide, the filtration is conducted at
low temperature. U.S. Patent Nos. 5,587,083 and 5,858,240 (Twardowski; Chemetics
[nternational Company, Ltd.) discloses the nanofiltration of aqueous salt solutions to
separate monovalent anions (such as chloride) from multivalent anions (such as
chromate).

U.S. Patent Nos. 5458781 and 5158683 (Lin, Ethyl Corporation) discloses the
nanofiltration of aqueous bromide solutions to separate monovalent bromide from
multivalent anions.

U.S. Patent No. 6,843,917 (Gut et al.; Universite Claude Bernard Lyon) discloses a
method for separating lanthanides and actinides by forming complexes of these atoms
with chelators and then separating the complexes by nanofiltration. U.S. Patent
Publication 2003/0089619 (Jayasekera et al.} discloses a process for the
clectrowinning of copper, which involves the formation of copper- cyanide complexes
followed by the separation of the complexes into copper and cyanide ions. The copper
ions are recovered by electrowinning, and nanofiltration is used to recover the cyanide
ions, which unlike multivalent ions present in the system pass through in the
permeate.

t.S. Patent No. 6,827,856 (Desantis et al.; Bracco Imagin S.p.A.) discloses the use of
a pelyamide NF membrane to filter copper ions and pass iodide in the permeate as
part of the X-ray contrast agent production process

U.S. Patent Publication 2008/0069748 (Licn ct al;; HW Advanced Technologies, Inc.)
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except that the heat-treatment in the reactor was carried out for 72 hours
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menbr ane co apse met ho I'n Step 1 of
Exanpl e 8. feedstock to remove vanadium therefrom. Although the membranes are said to be

"stable" to the solvent, no actual examples of such membranes or their synthesis are
provided.

The NF membranes employed in the HW patents are polyamide NF membranes;
many NF membranes known in the art are based on polyamides or polyamines (see,
e.g. U.S. Patent No. 5,152,901 (Hodgdon; lonics, Incorporated)).

There is no discussion in the HW patenis of the stability, or fack thereof, of the NF
membranes employed. However, it was subsequently found that the polyamide NF
membranes degraded in the acidic environment and had to be replaced approximately
every 3 to 6 months. [t is therefore preferable to use for the copper recovery from
lixiviation soiution NF membranes with high stability in acidic environments.
Standard NF membranes are made from polyamides that fack the necessary stability
and must be replaced every 3-6 months.

[J.S. Patent No. 7,138,058 (Kurth; GE Osmonics, Inc.) discloses an NF membrane
that is reported to have a patticular stability to sulfuric acid. The membrane is
produced using an interfacial reaction of an amine and sulfony! chloride to produce a
polysulfonami de-based membrane. While providing an improvement over earlier
polyamide type membranes, the sulfonamide membrane is difficult to produce, let
alone to produce with the consistency required for commercial applications. Platt et
al., . Membrane Science 239 (2004) 91-103 reported that two NF membranes made
from melamine polyamine are more stable than two commercially availablie NF

membranes in sulfuric acid,
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usually left in the raffinate, this leads to a substantial loss of copper, in the range of

10-30%.

In addition, in cases in which copper is extracted by SE processes, it may be desired
to recover copper from the raffinate stream. As the concentrate of extracted copper
increases, the concentration of acid in the raffinate stream likewise increases. For
example, if the concentration of copper in the pregnant leach solution (PLS) to be
extracted is 2000-3000 ppm (corresponding to a pH of around 3-3.5), the pH of the
resulting raffinate stream will be around 1.5-2. If the concentration of copper in the
PLS ts 16,000-20,0060 ppm, the pH of the raffinate may be in the range 0.5-1. NF
membranes which are currently used for copper recovery from raffinate streams, even
those that are considered to be "acid stable", are not stabie at such low pH's and have
short operating lifetimes under these conditions, making their use for copper recovery
from such raflinate streams economically prohibitive.

Polymeric membranes with stability toward acids ate known. Examples of polymers
that are relatively stable toward acids and can be used to prepare membranes include

polyolefms such as, for example, polyethylene and polypropylene,
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Table 6 shows the performance of the nmenbrane as nmade according to exanpl es
15 and 16 in different solvents conpared to comercial PVDP/ UP support
menbrane. A comercial PVDP/ UP support menbrane shows a very high
perneability in organic solvents that indicate their instability in the
tested solvents. On the other hand, the new PEl nodified UP nmenbranes have
a good stability in different organic solvents. In addition, a nmenbrane

dried 'mm(ﬂb@bﬁ‘lyﬁdéﬁct{ﬁ[oﬂdﬁ'gﬂﬁm%néﬁ HbthsRlibhand Eéil@@ﬂl%bﬁkel&)es' s denser
then the second nbr ane anpl e and has | ower perneability. Table 6:

Exanpl e 181'¥owe$mwhc§ubp>@rnolm¢mam@§d (INadcmsc Ubo zepghie ehatedng pdwsiM cr odyn-
Nadi r g._,ncc, %Q@ggﬂfbd%% drfa%ﬁinslag f)()l Qic (,I(E)% %(L)ln S Fh%g’aif,elgndfbie 10 Sepr 0

I\/Errbranes eansl e functiona [mrersion in a

sol ution o;ﬁe;&%tv/am);ls sfft@iveBU Chavdrsel Aovigkn thesg | p@Ginddrs ﬁ&&tsbdtt(ﬁ[‘bhd madre@ room
tenperature for 1 hour. Then the nmenbranes were washed by cool (0 - 5 RO
wat er for BOOW S gsstpraphaegipErauesyiing by wwm@@lw%aﬂ@ﬂ%écor di ng

to Exanpl ehl%,ﬁ X‘@E@o g'dIslS(?IQe@wdé: &5t & afl?&? ﬂbl‘ﬁgestage LRSIPILG F&g&%i.]

Exanpl e | esu modi fication o erent comerci a
support nmm‘pmam&lassnszed unnE rcaiends dnd/oT ablaaic/icomptiuats, de dbossinatpedy hdrain t he
modificat e co e tl Is\z{e !C%tlgi’?vl\{ »L\fJEl %%e'{TbE{:ac?ate(W11at 0 musfterlsd } ar’{gnbr ane
per f or manc®® CONGH o4 s app app potymers typically
identified by the chemical functional groups that are formed, or are used to form, the
resulting polymer backbone. Polyamides, for example, are termed as such because
those polymers typically are formed through amide bond formation (even though such
polyamide polymers may have only a small amount of backbone that comprises amide
linkages). As is understood by persons skilled in the art, it is the sum total of all the
atoms and bonds in a polymer that are responsible for the performance of a given
polymer. Similarly, sulfonamide polymers include sulfonyl compound residues
having at jeast two sulfonyl meieties and amine compound resicites having at lcast
two amine moieties wherein the sulfonyl and amine moieties form at least some
sulfonamide groups. The sulfonamide polymer contains at least some sulfonamide
linkages in the backbone of the polymer. Other functional and/or nonfunctional
linkages such as amide, ester, ether, amine, urethane, urea, sulfone, carbonate, and
carbon-carbon sigma bonds derived from olefins may also optionally be present in the
backbone.
The preparation and the atility of the membranes will now be demonstrated by means

of the following non-limiting examples:

EXAMPLES

Example | ;

PAN/UFE suppott membranes (PAN-400 and PAN-50 purchased from

CUT Membrane Technology GmbH & Co., D[upsilon]sseldosf, Germany; and PAN-
GMT-L1 purchased from GMT Membrantechnik Gmbl, Rheinfelden, Germany) were
modified by immersion in a 4% polyethylenimine (PED) solution {2% PEI,
MW=750,000; 2%
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Typeof commercial PBS/ UF support nenbrane Before nodification After
nodi fication Perneability (L/nR*Irbar)/RONPerneability (1_,/nRth*bar)/ROW
Nadi r UP020 77 6

PEL MW=800) followed by heat-treatment in a reactor at 90°C for 17 hes. Then, the
membranes were dried by air flow at 90°C for 1 hr and finally washed.

The following test method was carried out:

Test Method

Membrane performance (permeability) was measured using a magnetically stirred test
cell at a pressure of 1 bar supplied from a compressed nitrogen gas cylinder. The cell
was a stainless steel cylinder having at its bottom a sintered stainless metal plate
supporting the membrane. Reverse osmosis water (ROW) was introduced to the test
cell and permeate was allowed to accumulate and measured versus time.

The result of modification of different commercial PAN/UT membranes is
summarized in Table 1.

Table 1 demonstrates that the modification by PEI leads to a new UF membrane with

a different membrane performance.

Table 1:
Before )
. After modification
modification
I'ype of commercial [Permeability Permeability
PAN/UF support | (L/m2*h*bar) (L/m2*h*bar)
membrane ROW /ROW
2AN-400 560 68 |
2AN-50 154 17
PAN-GMT-1.1 109 11
Example 2;

Membranes prepared in accordance with the procedure of Example | were placed in
N-methylpyrrelidone for a period of | month. After this exposure, the membranes
were removed and their performance was measured using the test method described in
Example 1. The results for the membranes’ performance are summarized in

Table 2.

Table 2 demonstrates the solvent stability of the PEI modified UF membranes
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Lixample 3 :

A PAN-GMT-LI UF support membrane was modified in accordance with the
procedure of Example 1. The procedure was modified by using 4% PE! of low
molecular weight (MW=800). The membrane was tested in accordance with the test
method deseribed in Example 1. The results are shown in Table 3.

Example 4:

A PAN-GMT-L] UF support membrane was modificd in accordance with the
procedure of Example 1. The procedure was modificd by using 4% PEI of
MW=25,000. The membrane was tested in accordance with the test method described
in Example 1. The results are shown in Tabie 3.

Example 5: A PAN-GMT-LI UF support membrane was modified in accordance with

the procedure of Example 1. The procedure was modified by using 4% PEI of high

molecular weight (MW=750,000). The membrane was tested in accordance with the
test method described in Example 1. The results are shown in Table 3.

Exampie 6: A solvent stability test of PAN-GMT-LI1 UF support membrancs,
modified in accordance with the procedures of Examples 1, 3, 4 and 5 was carried out

by placing the membranes in organic solvents for a period of | week. After this
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Exampl e 24 A Scpro PES-20/LIF nenbrane was functionalized by ozone
oxidation for 5 mn. Then the nenbrane was washed with RU water for 30 mn
and i nmersed in cool ed aqueous solution of 0.1% (w v) cyanurie chloride at

5-7 <0>C for 1 hour. The resulting nenbrane was rinsed in cooled RO water.
Exanpl e 25; PES/ DQYL. g r.enar ~Qrding. t o Exagpl e 24 was
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Example 7:

A PAN-GMT-L 1{Lambda]JF support membrane was modified by immetsion in a
4% polyethylenimine (PEI) solution (2% PEI, MW=750,000; 2% PEI, MW=800)
followed by a heat-treatment in a reactor at 90°C for 17 hrs. Then the membrance was
washed with ROW at room temperature for I hr and the membrane was dried by air
flow at 90[°C for | hr, and then finally washed.

Lxample 8.

(Step 1)
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Exanpl e 29: Preparation of condensate of p-anilinesulforiate and
dichlorotriazine 6 g of NaOl-1 were dissolved in 150 mM of water that had
been filtered through a reverse osnosis unit (RU water") followed by
addition of 0.15 nmol o sulfanilic acid and adjusting the pHto above 12 by

addition o , cessary. 50 n f 3M.NaCH were added to this solution
of sul fani PN ER ETARE FRatr smm%ec&ﬂcaﬁd?%t%%p@aﬁ_@aeP Extnelgubous
suspensi ona/d 70xde piRkd & a SOARUITLGC Sl Q61LHE Anthobaht ell_'bé}icﬁi Bangi-cal 1y
stirred vessel for 4 h at a tenperature of 4-7C at pH -10. The product,

whi ch pr eciffier dtisekposwm thhenengaends oveterionaved angwisinpasioedandetwasacet one and
RO wat er prior t(? use gxsgrr%l ef(}:_ PrerQ ration of condensate of
p-ani | i nesMPOREt B3 HeFFr DI PS5 RB% g of NaO1-1 are dissol ved in 150

m of RO water followed by addition of 0.15 nol of sullanilic acid and

adj usti ng t(ggpw to above 12 by addition of NaCH as necessary. 50 ml of 3M
NaCH were added'to this solution of sulfanilic acid and the resulting

sol uti on wdbediiedhe meabragsebsisp $ abpenss wall of PANIGMMIL] b royabanesc br oni de

and left in a.gmgnetically stirred vessel for 4 h.a t rature of 4-7 C
o 10, MU REER Gl RBs STRaRmeST o THel PRl PRI ik e, 1
washed wi t Bxpeet0RercgiebcBGh vs%@aﬁrq sBhieAfs fb0a p&ifrd FXNaRBdKke ABikr thifégRan@at | on of
condensate of two substituted triazole gxryoups with amne bridge C NN
Step 1: 6 Hegremironas were remnew) apddhginpa BgmanceRuaspaeaurddosingdest msibedidi ti on
of 0.15 nol ¢ 31 6lj,an: no e. . ' ing the pl-1 to above 12. 50 ni
of 3M Nambag{ag@%gggﬁ@g%ﬁ%gﬁ%oﬁé}ﬁ%@%&ﬁ%ﬂ fanilic acid, and the

resul ting %ot usilnfonds: hbabragd dedohonanaegueousized spesss opwbhikh0. 15 nol
cyanuric chloride and reacted. for 4 hours at a tenperature of 4-7 C at pH
10. The pr Semeastrafgsthare %é?lfélfftf‘?d?@é?s 11 Sl rBe peossts SieRmBFaEe | s washed
wi th acet oBeraRLloRANH:Eived BofPrable S3ne oAb Amddlsanlivedo HRadpRsm RV
wat er foll gwgd ﬁ‘;, addi ti gﬁ of 0. 1Sei ’no? 0 theeégl)ro quct& %gcrg?g?géﬁ%sand

adj usti ng 1 hed gkh tivtcabovel viiRs aSlibSequehttaneanaaddl mcorbadnesO/hidh wé 3M MOH

and an aquequs_suspensj f 0.15 nol cyanuric chloride are .added and
feact ed f ofOXBERY g a0k f cat bF Bt P Tormembing thii e 8ricdne. br oduct
whi ch precimRinb®hRs 4ffe@ MhkdRisPRAEIABIMLY (BESnplt 3) WARHES thin e 8c8h@ne and RO

wat er prior to use.
membrane (Example 7) and has a lower permeability.

Table 4:
Permeability {L./m2*h*bar)
s Before Solvent treatment
solvent
PAN/IF Membrane treatrment
en Ethanol | Acetone | Toluens | * | Hexane
(ROW)
PEI Without
modified acid 11 10 i5 11 3 116 :
PAN/UF ireatment
mermbrane With acid
8 11 14 NT 3 120
. (Examplel) | treatment
| PEI Without
 modified | acid 21 23 88 64 2 [ 110
PAN/UF treatment
membrance With acid
12 24 75 NT 2 116
(Example 7) | treatment
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Exanpl e 32: Preparation of non-nonolithic nenbrane on a PS 1JF support

menbrane A nenbrane suitable for
invention was prepared in the foll ow ng nanner.

A pol

use in accordance with enbodi nents of the

ysul f one

ultrafiltrati on support menbrane fornmed on a pol ypropyl ene nonwoven
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subsequentP¢mpledied with RO water until no traces of SDS renmi ned. The

neati o

ra

£ Robirk

an aqueous reaction s
0. 125% aquebwutsyvsakpbicdno afonbteanehede ol yeihylsend of henerchiknt if( Al dri ch,

R RE gwtnn i b

8svilPShe FORIREEd&2rind '@
d the resultant nmenb

© BrEPETE

n
HeF

5

ne S

hr omat ogr a
i fgaﬁilw_&
6, R

renove

cel
aﬁyéo%@g ltj(% }hg

hy), an
t F%Q&l_rféw _
| &ahd RBRObficon vas

sul fate (SDS) and

) 30

tred. f
o&%ﬁe@ﬁ.ﬁﬂm& f (a)

consi sting
My =
d (b) a 0.075%
ori de and

romthe pressure cel

and heat ednapdded Comarerd@ membiane andibe wexlfiaghP SNeBMTALL membianicag, t he

of 't ho CoRMENSH B 5rmlfah

20% a

ueo
% SRS

IR

tion containing 0.1% w w

POSSERFY E or med i n

Exanpl e 29mpditgics of e ihom-@smbgak 8 dedcr 609G @6t 1t7hRs EIMBHARLsdehé reat ed in

this solution for a period

reacti on $

reaction E%ﬁﬁﬁ

rinsingt

le S

nmor an

of

1h

our

riod in order to conp
egphras prepargtiiine Telda Stshews Sk petmembrenbpighercdascordnpgied form t he

A PRERHE SRR P B, B

wa

| ete the cross-1inking

fter
% sol uti on

i

of sul f ur Exampled aml di@bbles after33Gofune toeoNprdthwgdy@blidonbodimslat 1o the der to

hydrol yze all reactive

The nmenbr dREORAS campiredali/oi
renmoved and subjected to a subsequent testing session.
by substituting cyanuric fluoride or cyanurie

may be prepared,

for exanpl e,

ehl oro

hh

oups of the cyanuric chloride condensate.
BoRestanenbratad with RO wat er over ni ght,

Anal ogous nenbr anes

brom de for cyanuric chloride in the condensate with sulfanilic acid (e.qg.
by using the condensate product of Exanple 30 instead of the product of
by using a condensate of two substituted
triazole groups with an am ne bridge (e.g. by using the condensate product

Exanpl e 29)apps 5:

of Exanpl ej 31_instead

for exanpl e,

f

t he pr aduct

of _Exanpl.e. 29).

Test Met hod 2:

Menbr ane performance (p&cimabiliky thmatdbadl ute rej ection) was npasure& usi ng

a magnetically stirred

test..cel

|

conpressed; ni trogen gasBeire nde

havi ng at

menbr ane. Lhﬁa ﬁétggﬁﬁ{

lat-.a-pressur
rSolyabtieadneninas a stainl ess steel

S

Sstar Tt
nmeasur e

SSITEt
hent, r

Tt

prate-supporT)
Pver se ¢

om a
cyl iinder
fng—the
ater (ROWN was

DSNMDSI S W

tredtinenind a

8. and
urenments, the
The per neate
pasur.ed by
p@a 20%:

r this
ction

%0 accun
i on neas
cose i m water.
entration was n
vas | pJiR6RAd |
180 hours. Afte
again. [The Teje ;
known t9 those skilled in the
d i nmefsi,on was| 97. 5% and
ric iqlﬁol"\lgﬁerssﬁ on was 800
on in hot acid jt was 950
[ior stability of the NE
ra -esft—proeedur e

i ntroduced]| tiehb@nd est
measured versus tine.

test cell was filled wi
was al | owed_t o_accunul

means of refyagt ey
RS

sul furic aci
exposur e, | {EEMERNERNE
(cal cul ated ‘according |
menbrane fi lAY/UST gl u
after imersion was 98
liters/nmet ddjo™ af t
liters/ m*dagxaniflepe I ¢

menbr ane i n—_acid condi

Brb1guRd

rej ect

Adspal Kedfin
:ﬁﬂﬁgﬂe siol ute (g%ﬁcose
5%isol ution of gl

te andm;ts gl.uchse con

t er war t he nbr a
étt% 90C fo%ksa perz‘l‘%d of
performgnce was| rested
0 acceptied procedures
cose befare sul furic ac
o0vat er fPux bef % su
br t he priol onged

i mrers
psul ts denonstrafte supe
i-ons...Exanpl.e..3

N

3. The

wer e repeat d&lasmpdifigk
t he menbrang, iy 0% su
measured rejection aftg
liters/ m2>*daybratkhi s

Exanmpl e 29 exhi bit .sig

anpl e 32,

b1 360 h
esult i
ni fi cant

in time. Exanpieriel. a

furic ac
quﬂﬁ was
n

this t
id at 9

di cat es

nonol it h

i s coval entty—bound=to-t

st abi | i

me i nc
0 Cfro
0% an
t hat w
fy in a

ic NE m

[ easi ng
dit he fl
cid, thi

enbr ane

(i.e. |

m 180 hq

the i mefrsion tiime of
purs to 360 hours. The
Ugx was /10

hi | e nefbr anes pfepare per

s stabilfity is limted

n which the NE matri x

covalentty bound to its substrate) having dimensions of 30 cm by 25 cm was
prepared froma UP support nenbrane having cross-1|inked polyaerylonitrile.

PAN UP menbranes were prepared accordin
To prepare an NE nenbrane

Exanmple 1.
of the present

i nvention,

or

g to the procedure described in
use in accordance with enbodi ments
t hese nodified UT" nenbranes containing active

am no groups were then coated by doctor knife with predetermned slit

o~ . o~y



adverse affect on the rejection. Exanple 35: A nonolithic NE nmenbrane was
prepared as described in exanple 34 above, but utilizing as UF support
menbrane a cross-|inked polyvinylidenelluoride (PVDF) menbrane prepared in
accordance with Exanple 15. The NE mermbrane was then immersed in a 75%
concentrated sulfuric . acid at 60C for a period exceeding 1100 hours. In
addi ti on, Nc‘BFrWﬁH"&I‘Q 1??}1°ava| | abl e pol ysul f onani de aci d-stabl e NE menbr ane
(KH m%‘ﬂbra@%ﬁwccmamdmr@mcﬁmphﬁ@nmmﬁms %&@%HQW%%HHSA) was
imrersed in the sane solution and tested periodically e results are
shown i n Fpgeedusd! EXeplkCH areerd tist éheHadt-tioatingint indhe reeptecmuomzdf:ci gitucose of
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in such COH@'zlchb@cﬂﬁdeﬂuﬁ@'ﬂhﬁ@%s fduna tﬂﬁﬂ@dﬁ&hﬁqﬂﬁﬁtﬂﬂ@%ﬁml nt ai ned hi gh
rejection throug out the entire testing period, with fluxes stabilizing

around 1500/m2thEbay, w&@maéyateek‘awoes beingephedti hEonembease by Bk f r om
ACI di ¢ Feeﬁléqstnqgr% }Ngﬁ@ﬁ%ﬁ@%te@rb%ﬂﬁé%%ﬁ?&l c%s&'il%g 11t1 31 dlaqal e 35 vias rol | ed

into a spi Wound I‘nches i n dianmeter a inches in length
and then am@m‘ple@imdrlbmcasomqeswemm@ﬂﬁ@ﬁn ROWE op B @402 th bes Falallvpisie
installed in a test system equi pped wth a feed vessel of 20 liters, a punp

provi di ng HeSirag s tb‘ﬁ“% Poibemagt 0‘6@35%*3%(]0‘“2‘{3‘&}‘1133%% antioyne & BHE % pressure
of up to 4 exlﬁ?er ﬁlélt%niel{@c)?\?gf ﬁlaﬂhnmsbgu. Q}ﬁ@ é&utltﬁ dEﬁBR&fﬁ&fBG%ﬁbﬂwgf acid

| eachat e pfrovi y a copper mne In e concentrations of the main
met al i ons eatpperperfalmmoslom shodinigrtba jimikr penmeabiliteth RO afte exppont ed i n

Tabl e 8. Theof ,th treamwas, - The st was, circul.ated under pressure
T T oui mg oo ki sl o B RR, Therar S o e UBY Itesediie. ¢ bod

stream was JaRIBLRINER Blanpe kikbEX SolUsit AGd hsi@SRAbIAgE mebififcal of 80 liters
of feed water were processed; so that this volune was concentrated 4-fold

to a volume of final concentrate of 20 liters. Thus the volunetric
concent r at ilbanfphet br (VCE) was 4. The copper concentration in the

concentat o 81K 40yt LEESL RSN, Yosu ARl el BidCe nectuoetny b, o
E?'[ne)(rjz; L'QSS &Jcc;gtqﬁéi"iﬁé Blat GRAGERM [rAhl icioR waB BhERBRSY o 8D 6 hisQRsteAdrd fux
17 hours The resulting membrane performed similarly to the membrane in Example
1. These results demonstrate that the procedure described in this example provides a
solvent and acid stable UF membrane
Example 12:
A PAN-GMT-LI UF membrane was modified according to the procedure of Example
1 , except that the heat-treatment in the reactor was carried out for
72 hours instead of 17 hours. This membrane was tested by the test method described
in Example 1 and found to have a permeability in ROW of 120 L/m2*h*bar. The
membrane collapsed after being tested by the method described in Step 1 of Example
8.
These results indicate that excessive heat-treatment time leads to a non-viable
membrane.
Example 13:
A PAN-GMT-LI UF membrane was modified according to the procedure of Example
1. The procedure was modified by using 2% polyethylenimine (PEID) (1% PEIL,
MW=750,000; 1% PEL, MW=800) instead of 4% polyethylenimine (PEI) (2% PEI,
MW=750,000; 2% PEIL, MW=800). This membranc was tested by the test method
described in Example 1 and found to have a permeability in ROW of 26 L/m2*h*bar,
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which indicates less cross-linking of the PAN UF membrane by PEI than the
membrane of Example 1. This membrane was tested by the method described in Step
1 of Example 8§ and found to have a permeability in ROW of 54 L/m2*h*bar, and
then tested by the method described in Exampic 2 and found to have a permeability in
ROW of 37 L/m2*h*bar. These results demonstrate the stability of the modified
membranes after treatment with solvents and acid.

Example 14:

A PAN-GMT-LI UF membrane was modified according to the procedure of Example
1, but modified by using 10% polyethylenimine (PEI) (5% PEI, MW-750,000; 5%
PEI, MW=800) instead of 4% polyethylenimine (PEI) (2% PEIL, MW=750,000; 2%
PEI, MW=800). This membrane was tested by the method described above and
found to have a permeability in ROW 150 L/m2*h*bar. This membrane collapsed
after being testing by the method described in Step 1 of Example 8. The high
permeability value and instability in acid indicate the non-viability for present
purposes of the membrane by the process of this Example, due to excessive
concentration of PEL

Example 15:

A PVDF-GMT-L9 UF support membrane purchased from GMT Membrantechnik
GmbH, Rheinfelden, Germany was modified according to the procedure of Example
1. The membranc was tested in accordance with the test method described in
Ixample 1. The results are shown in Table 6.

Example 16:

A PVDF-GMT-L9 UF support membrane was modified according to the procedure
of Example 7. The membrane was tested in accordance with the test method
described in Example 1. The results are shown in Table 6.

Example 17:

Membranes were prepared according to the procedure of Examples 15 and 16, These
membranes were then tested by the method described in Example 6. The results for
the membrane performance are summatized in Table 6, which demonstrates solvent
stability of the new PEI modified UF membranes and also the effect of differences in
the drying process in the membrane preparation.

Table 6 shows the performance of the membrane as made according to examples 15
and 16 in different solvents compared to commercial PVDF/UF support membrane.
A commercial PYDEF/UF support membrane shows a very high permeability in
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30 0.04 Fe 2 0 As observed, very high copper retention was
denonstrated in these tests. The experinent continued by circulating the
concentrate in a closed loop for a period of 4 weeks in order to observe
any change in performance. The results after 4 weeks of operation renained
practical | %rgl’z'zm:’chs%pv%ﬁg'that indicate thetr instability in the tested solvents. On the other
hand, the new PEI modified UFF membranes have a good stability in different organic

solvents. In addition, a membrane dried immediately after immersion in PEI solution

(Example 15) is denser then the second membrane (Example 16} and has lower

permeability.
Tablc 6;
Permeability (L/m2*h*bar)
Before Solvent treatment
PVDE/IF
solvent
Membrane ¢ ¢
treatment § pyhanol Acetone Toluene Hexane
{(ROW)
PVDF-GMT 2 818 543 3182 3864
PEI modified
PVDFE-GMT
& 9 G 8 33
membranc
{Example 15)
PEI modified
PVDF-GMT .
16 21 45 23 36
membrane
(Examplel6)
Example 18:

PESAIJF support membranes (Nadir UP020 purchased from Microdyn- Nadir Gmbl,
Weisbaden, Germany, and Sepro PES-20 purchased from Sepro Membranes, Inc.,
Oceanside, CA, USA) were functionalized by immersion in a solution of 5%(v/v)
chlorosuifonic acid in glacial acetic acid at a room temperature for 1 hour. Then the
membranes were washed by cool (0 - 5 °RO water for 30 min.

Example 19;

PES/UT support membranes prepared according to Exampie 18 were modified and
tested according to the procedures of Example 1. The result of modification of
different commercial PESAIJF support membranes is summarized in Table 7, which
demonstrates that the modification by PEI gives a new UF membrane with a different

membrane performance.
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Exanpl e 37: Preparation of high flux NF nenbranes using reactive dyes. A
nmonol i t hi cFl ux NE nenbrane sanpl e having di nensi ons of 30 cm by 25 cm was
prepared starting froma cross-linked polyacrylonitrile (PAN) UP support
menbrane, the preparation of the PAN UF support nenbrane is described in
Exanpl e | [gheve. To prepare the NIT nenbrane, the UP nenbrane, which

contai ned active am no groups, was imrersed in an aqueous solution of 1%
dye of Fornmula 1 shown bel ow and 10% sodi um chloride for IS min and then in
5% sol utioE O Na2CO3 for 20 minutes. This resulted in a nodified UP
menbrane that served as a [sgpport. fo subsefiuent NE er. The NE | ayer
was formed; by coating the né&??’reéﬂlcﬁéd%aﬁb?%ne Mﬁﬁ ‘fa(S’r Kni fe havi ng
a slit thickness of 50 m grors—w-th—a-t+eactiveragueous—potyrer—sotttii on
cont ai ni ng: 0--1%_ PEI and n equal concentration pf a condensate of cyanuric
chioride withY88ifarril P& lacid, pr epared as desfribed in Exanpl e 29 jabove.

The coat ed! nepiyaBRWAS drligd in and then cp ed fo hour in an ioven
at 90 C. After this step thge’r@ﬁﬁgé}h was i mer s d’rfnr?‘""i’ E@% aqueous et hanol

sol uti on conPESAi ng 0. 82¥% *hAgappRisYsat e YOS dg jand a
stilfanilic acid and heateV\(Dflylﬁél hour at 60 C % ré?l‘ri;e sanpl eq iwere
tested by TeXPR®thod 2. The water flux was 180D Ilters/ miday and gllucose
rejection V"aﬁle?%ﬁ(i‘anézxa”m e 38: Solvent stabilify of NI' nenbranes rnade

f
[

using reactive nidr ane_prepared accordipg to the procedure g
Exanpl e 37 wagdtesteghan 4 2% aqueous gl ucose spkution and i mersed
N-met hyl pyrrolidone for a|period of 8 days. Aftpr this exposure, thg
menbr ane was she n RO water for 24| Bours and tested as
described in Séé:[q)fs%g% h\gjd Fll%e gl ucose rej ectipn before the imrersiign in
organi ¢ soi Was. 98 % and. remmined _highafrerrmerston-at-asteyel of
98% Water flux before organl c imrersion was 1800 |iters/nk2>*day (LMD),
and after the imersion in organic solvent it was 1400 liters/ m *day.
Exanpl e 39,3l went stability of monolithic PAN menbrane Several nenbrane
sanpl es that were prepared according to the procedure of Exanple 34 were
tested i nMenf%emypeguasdgicocdsg tem}hwrbmulme%ﬁbmmeﬂ@ heraygaduddnes wer e

i mersed for different eri in several organi ol vent uch as
N et et pT st e BS R [t T R R YD ST BB o Ehe
exposure, ntehﬁnmrw{saenﬁlmxtogﬂ?w@%stmmﬂoﬂmﬁ@ww élﬁ{eq&‘ﬂmews and
tested as described in Test The resul t's of tﬂ nbr ane

per f or man8&SV &l & Idmaivaittior et § h»’m&ﬁ*@lugfpr ?rhfeocﬁlfe@iﬁh@mbmmm atswghi gh

ZEBIE:\IITJ[ YFHIEQH'%E@S rs]fl;peI)o(l)tf méh 161&'111%: Gnd Pc!r\:{lenrllddslﬁed I‘T]%mble’ln% 501|n1|\€|:|d-|115'161‘1|1_, '1P (I:?‘)EOO? MANCE
support membrane, respectively, were found. A commercial unmodified PES/UF

iin

support membrane dissolved immediately after immersion in acetone. These results
demonstrate the stability of the modified membranes in a solvent.

Example 21:

Membranes prepared according to the procedure of Example 19 were placed in a 20%
aqueous sulfuric acid solution at 90<0>C for a period of 24 hours. After this
exposure, the membranes were removed and their performance was measured using
the test method described in Example 1. Permeabilities in ROW of 8 L/m2*h*bar and
10 L/m2*b*bar for a modified membrane formed using a Nadir UP020 support
membranc and for a modified membrane formed using a Sepro support membrane,
tespectively, were [ound. These results demonstrate the stability of the modified
membranes in the presence of acid.

Example 22: A Sepro PES-20/UF support membrane was functionalized by

immersion in aqueous solution of 3% (w/v) ammonium persuifate and heated to 90
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Water flux (LMD) d ucose 5% Rejection Solven t type Tenp , C Exposure Tine,
clay Water flux (LMD) G ucose Rejection 1505 98.3 NW?

°C ftor 10 minutes. Then the membrane was washed by RO water for 30 min and
immersed in a cooled {5-7 °C) aqueous solution of 0.1% (w/v) cyanuric chloride for 1
hour. The resulting membrane was washed in cooled RO water.

Example 23 :

A PES/UF support membrane prepared according to Example 22 was modified
according to the procedure of Example 1. The finished membrane maintained its
performance after immersion in acetone for 24 hours, as opposed to the commercial
unmodified support membrane that dissolved within minutes after being immersed in
acetone.

Example 24

A Sepro PES-20/UF membrane was functionalized by ozone oxidation for 5 min.
Then the membrane was washed with RO water for 30 min and immersed in cooled
aqueous solution of 0.1% (w/v} cyanuric chloride at 5-7 <0>C for 1 hour. The
resulting membrane was rinsed in cooled RO water.,

Example 25:

A PES/UF support membrane prepared according to Example 24 was modificd
according to the procedure of Example 1. The finished membrane maintained its
structural integrity after immersion in NMP for 4 hours, as opposed to a commetrcial
unmodified support membrane that dissolved within minutes after immersion in
NMP.

It will be appreciated that the PES membranes can be functionalized by other
methods, such as those described in the following theoretical examples 26 and 27.
‘The membranes thus formed are expected to have the same properties as the
membranes formed in Examples 18 - 25,

Example 26:

A PES/UF support membyrane is treated in air by corona discharge equipment. Then
the membrane was washed with RO water for 30 min, immersed in cooled agueous
solution of 0.1% (w/v) cyanuric chloride at 5-7°C for 1 hour, and rinsed again in
cooled RO water. The membrane thus prepared 1s modified according to the method
described in Example 1.

Example 27: A PES/UF support membrane is placed vertically in the vacuum
chamber of plasma equipment fitted with parallel electrode plates and evacuated to a
base pressure lower than 2% 10<"5> mbar. Then ammonia gas is introduced at 15

cm<3>/min into the chamber, and plasma treatment is performed for 20 min as
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described in Applied Surface Science, 253, Issue 14, 2007, P.6052-6059, You- Y1 Xu
et al. The resulting modified membrane, now having amine groups on the surface
thereol is immersed in a cooled 5-7<0>C aqueous solution of 0.1% (w/v) cyanuric
chloride for 1 hour. The resulting membrane is washed in cooled RO water. The
membrane thus prepared is modified according to the method described in Example
1.

Example 28:

A monolithic solvent and acid resistant PVYDF/UF membrane was prepared according
to the following procedure. A non-woven polypropylene substrate (PP) was
immersed in 934-0-1 Kunststoff-Haftprimer (primer for PP to make it reactive;
Glasurit, Munster, Germany), for | min at room temperature, and then dried for 10
min at room temperature and for another 10 min at 70°C. After that, the PP was
modified by immersion in a 2% polyethylenimine MW=800, followed by heat-
treatment at 90 °C for 5 hrs. The PP was washed with ROW at room temperature for
1 hr and finally dried. Casting of a PVDF/UF membrane was carried out according to
the procedure that was described in EP 0574957, Tollowed by heat-treatment at 90°C
for 5 hrs. Preparation of the monolithic solvent and acid resistant PVDF/UF
membrane on the integral PP substrate was completed according to the procedure of

Example 1.

Examples 29 - 31 illustrate syntheses of compounds derived from halodiazines and
halotriazines that may be used as halogenated di- or triazines in the preparation of
membranes for use in accordance with embodiments of the invention.

Example 29:

Preparation of condensate of p-anilinesulfonate and dichlorotriazine 6 g of NaOH
were dissolved in 150 ml of water that had been filtered through a reverse osmosis
unit ("RO water") followed by addition of 0.15 mol of sulfanilic acid and adjusting
the pH to above 12 by addition of NaQH as necessary. 50 ml of 3M NaQH were
added to this solution of sulfanilic acid and the resulting solution was added to an
aqueous suspension of (.15 mol of cyanuric chloride and left in a magnetically stirred
vessel for 4 h at a temperature of 4-7°C at pll ~10. The product, which precipitated
from the reaction mixture, was washed with acetone and RO water prior to use.
Example 30:

Preparation of condensate of p-anilinesuifonate and dibromotriazine 6 g of NaOH are
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dissolved in 150 ml of RO water followed by addition of 0.15 mol of sulfanilic acid
and adjusting the pH to above 12 by addition of NaOH as necessary. 50 ml of 3M
NaOH were added to this solution of subfanilic acid and the resuiting solution was
added to an agueous suspension of 0.15 mol of cyanuric bromide and left in a
magnetically stirred vessel for 4 h at a temperature of 4-7 °C at pH ~10. The product,
which precipitates from the reaction mixture, is washed with acetone and RO water
prior to use,

Example 31 :

Preparation of condensate of two substituted triazole groups with amine bridge

T

Step 1: 6 g of NaOIT are dissolved in 150 ml RO water followed by addition of 0.15
mof of 1,3-diaminopropane and adjusting the pH to above 12. 50 ml of 3M NaOll
were added to this solution of sulfanitic acid, and the resulting solution was then
added to an aqueous suspension of 0.15 mol cyanuric chloride and reacted for 4 hours
at a tempcrature of 4-7 °C at pH -10. The product, which precipitates from the
reaction mixture, is washed with acetone and RO water.

Step 2: 6 g of NaOH are dissolved in 150 ml RO water followed by addition of 0.15
mol of the product from step 1 and adjusting the pH to above 12. Subsequently, an
additional 50 ml of 3M NaOH and an aqueous suspension of 0.15 mol cyanuric
chloride are added and reacted [or a period of 4 h at temperature of 4-7 °C at pH ~10.
The product, which precipitates from the reaction mixture, is washed with acetone
and RO water prior o use.

Example 32:

Preparation of non-monolithic membrane on a PS UF support membrane

A membrane suitable for use in accordance with embodiments of the invention was
prepared in the following manner. A polysulfone ultrafiltration support membrane
formed on a polypropylene nonwoven substrate supplicd by FuMA Tech, termed
"PES 006 cutoff having a molecular weight cut-off (measured by the ASTM method

at 90% dextran rejection) of 6000 Daltons was subjected to a cleaning step with RO
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Exanpl e 40: Alkaline stability of nonolithic PAN nenbrane Several nenbrane
sanpl es that were prepared according to the procedure of Exanple 34 were
tested in a 5% aqueous gl ucose solution. Afterward the nmenbranes were

i mersed for different tinme periods in 10% and 20%)NaOTI sol utions

respecti vl TNENIRTLATES hele, A esborARRE AL0R e e ToRE TBRpd.  The

results of 1t ane ornances a exp osure are unmaritzed’ i n Tabl e

10 (perf onndpasechehiy enexXiPOBMRE Was: LSlitmnbaﬂ’acéSbﬂS’!}ﬁ repiudngd. The fiakdde 9) .
Tabl e 10 NAO | TREATMENT, RT  conc. NaOFL% Exposure hours Tine, Water

(LMD) fl u*ne@hj@&\éaq:@ft‘é@gl iifq a pressure cell and contacted for 30 minutes at 10 bars
with an aqueous reaction sotution consisting of (a) a 0.125% aqueous solution of

branched polycthylene imine (PEI) (Aldrich, Mw = 750,000 as determined by gel
permeation chromatography), and (b) a 0.075% aqueous solution of a condensate
prepared from cyanuric chloride and sulfanilic acid as per Example 29. The excess
modification solution was then drained, and the resultant membrane was removed
from the pressure cell and heated at 90 °C for 30 min in a convection oven. After
curing, the membrane was placed in a 20% aqueous ethanol solution containing 0.1%
w/w of the condensate of cyanuric chioride and sulfanilic acid formed in Example 29.
The solution was heated to 60 °C and the membrane was treated in this soiution for a
period of 1 hour in order to complete the cross-linking reaction step. After this
reaction step the membrane was removed form the reaction vessel and rinsed in RO
water for a period of | hout. After rinsing the membrane with RO water the
membrane was placed in 20% solution of sulfuric acid in water at 90°C for a period
of 5 hours in order to hydrolyze all reactive chloro groups of the cyanuric chloride
condensate. The membrane was removed from the acid, rinsed with RO water
overnight, removed and subjected to a subsequent testing session.

Analogous membranes may be prepared, for example, by substituting cyanuric
fluoride or cyanuric bromide for cyanuric chioride in the condensate with sulfanilic
acid (e.g. by using the condensate product of Example 30 instead of the product of
Example 29) or, . for example, by using a condensate of two substituted triazole
groups with an amine bridge (c.g. by using the condensate product of Example 31
nstead of the product of Example 29). Test Method 2:

Membrane performance (permeability and solute rejection) was measured using a
magnetically stirred test cell at a pressure of 40 bar suppiied from a compressed
nitrogen gas cylinder. The cell was a stainless steel cyfinder having at its bottom a
sintered stainless metal plate supporting the membrane. For the permeability
measurement, reverse osmaosis watetr (ROW) was introduced to the test cell and
permeate was atlowed to accumulate and measured versus time. For the solute
(glucose) rejection measurements, the test cell was filled with a 5% solution of
glucose in water. The permeate was allowed to accumulate and its glucose

concentration was measured by means of refractometry. Alterwards the membrane
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was placed in a 20% sulfuric acid solution at 90 °C for a period of 180 hours. After
this exposure, the membrane performance was tested again. The rejection (calculated
according to accepted procedures known to those skilled in the membrane field) of
ghucose before sulfuric acid immersion was 97.5% and after immersion was 98%.
Water flux before sulfuric acid immersion was 800 litersfmz*day, and after the
prolonged immersion in hot acid it was 950 liters/m *day. These resuits demoenstrate
superior stability of the NF membrane in acid conditions.

Example 33:

The membrane and test procedure were repeated as tn Example 32, this time
increasing the immersion time of the membrane in 20% sulfuric acid at 90 °C from
180 hours to 360 hours. The measured rejection after 360 hours was 40% and the flux
was 1700 liters/m<2>*day. This result indicates that while membrancs prepare per
Example 29 exhibit significant stability in acid, this stability is limited in time.
Example 34:

A monolithic NI membrane (i.e. in which the NF matrix is covalently bound to the
UF support membrane, and the UF layer is covalently bound to its substrate) having
dimensions of 30 em by 25 cm was prepared from a UF support membrane having
cross-linked polyacrylonitrile. PAN UF membranes were prepared according to the
procedure described in Example 1.

To prepare an NF membrane for use in accordance with embodiments of the present
invention, these modified UL membranes containing active amino groups were then
coated by doctor knife with predetermined slit thickness of 50 microns, using a
reactive coating solution containing 0.1% of PEI (Example 32 above) and containing
a similar concentration of a condensate of cyanuric chloride with sulfanilic acid as
described in Example 29 above. After coating, the membrane was completely dried in
air and immersed for a curing step in an oven at 90 °C for 1 hour. After this step the
membrane was immersed in a 20% aqueous ethanol selution containing 0.02% w/w
of the condensate of cyanuric chloride and a sulfanitic acid of Example 29. The
solution was heated to 60 °C and the membrane was treated in this solution for a
period of T hour in order to complete the cross-linking reaction step. The membrane
was then immersed in 20% sulfuric acid at 90 °C for a period of 340 hours and its
performance was tested periodically during this period. As shown in Fig. 8A, the
rejection to glucose remained in the range of 95-99%, and the fluxes increased during

this period from -1000 liters/m<2>*dlay to ~ 2000 liters/m<2>*day, without any
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48 1300 99.0% Exanple 41 : Preparation of N : menbranes on

Pol yet hersul fone (I'ES) (rmonolithic and non-nonolithic) A. An NE
menbrane was prepared according to the procedure of Exanple 32, but a

pol yet ber sul fone (PES) UF support nmenbrane (M crodyn Nadir UP020) was used

i nstead of ggerg%%%y%a{é%q(elgﬁmsupport menbrane. B. A nonolithic NE

menbr ane (a n which the NF top layer is eovalently bound to
t he under IBkangtePBS UE support mnenbrane, containing covalently bound am no
groups, was prepared from an underlying PBS _support nenbrane that itself

was pr epar“ealoagiﬂg@gék PISEPIRNE B AtpiEch . desgiherliin examgle ﬁﬁégWﬁ@SLUF menbr ane

was preparef.,h aé‘%@isﬁlié'&l@nﬁm%?z{ﬂ"é%r&bﬁ'-lh Y8l B8 RBRo e nane by first
é It by ‘fj f v)'/) v!)y S

functionalizin mersion in a 5% utron o hl'oro sul fonic
aci d i n CHeh3ra@ipgtefded b)acatrdnoemwitle Bpanplt U6 eTioNF mdnokene Whethaenbr ane was
t hen washed with.coqgl (0-5 C ter for 30 min. The resylti UF

morbr ane. WP a7 AP G RS RN P ALY rC ERATRSTEN B 01 rmer si on
in a 4% agyeRufm flion0h U&ﬂlf?@i‘c@@%’zﬁgﬂablml?sﬂﬁﬁa&%acafZ%tEﬁbN\IS‘N: 800) _
foll owed by heat-treatnent in a’'reactor atf 90C for 17 h, foll owed by drying

under ai r mgngwae (K30 @epdrant purehastdigehiGsgnomiashinRuMianesenkar M, UBA$uppor t
menbrane was .then coated b octor knife.w.th a.n0 mcron thick |ayer of
e react tversapyrirt SEEmBY BuRPEPR! R pudli e B S gt |
concent r atfi@ite 8B. BheRAdNRBAe Bhd &Y RN kGedtbh@TiglRovd ¢iD8sulthanidd ¢ acid
prepared as described in Exanple 29 above. After coating, the nmenbrane was

dried in abputgfll hewsdbesisstipy dedlined 19 o80% anguter an agelibuiah 28 hops the After
B L e e T
sul fani | i encawlithic WEensobrahe mnintascdidgh egedtion GiroGplamdtHelvatirewitigne was
treated | %ertlgci,swiaotlltl&cis gtgb{ii(%{ng%rglﬁ]g 1%%0?ifter!s!np<o2gc"ﬂay.

Example 36: Separation of Metal lons from Acidic Feed Stream

A membrane prepared according to example 35 was rolled into a spiral wound

clement 2.5 inches in diameter and 14 inches in length and then assembled into a

pressure vessel. The pressure vessel was instalied in a test system equipped with a

feed vessel of 20 liters, a pump providing a circulation flow rate of up to 20

liters/minute and a pressure of up to 40 bars. The feed tank was filied with copper-

containing acid leachate provided by a copper mine in Chile. The concentrations of

the main metal ions (copper, aluminum and iron) were measured and are reported in

Table 8. The pH of the stream was ~1. The stream was circulated under pressure

allowing permeate to pass across the membrane., The volume of the feed stream was

maintained at 20 liters using fresh feed. A total of 80 liters of feed water were

processed, so that this volume was concentrated 4-fold to a volume of final

concentrate of 20 liters. Thus the volumetric concentration factor (VCF) was 4. The

copper concentration in the concentrate and in the permeate was measured by ICP

spectrometty by an external laboratory. The results are shown in Table 8.
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Exanpl e 42: Acid stability of PES nenbranes (nonolithic and non-nonolithic)
NE nenbranes prepared as described in Exanple 41 were imrersed in a 20%
sulfuric acid at 90C for a period of 1-20 hours. These nenbranes were
tested as described in Test Method 2. The results of the nmenbrane
perfornancgsbﬁ e summari zed in Table 11, denonstrating superior acid
stability e nonol i thic NE nmenbrane conpared to that of the NE nenbrane
in which the top Iayer |s not covalently bound to the underlylng UF support

(vt ment . [S08 At SRR Fibur s var e ERER (vo) | Bitcose 56
Rej ection BramplGatlA 1 . rejection % | Liters/m™ day
Feed | concenirate | Permeate 480
Cu 450 1840 1.6 99.9%
Al 30 0.04
Fe 2 0

As observed, very high copper retention was demonstrated in these tests. The
experiment continued by circulating the concentrate in a closed loop for a period of 4
weeks in order to observe any change in performance. The results after 4 weeks of
operation remained practically unchanged.

Example 37:

Preparation of high flux NF membranes using reactive dyes.

A monolithic High Flux NIF membrane sample having dimensions of 30 em by 25 cm
was prepared starting from a cross-linked polyacrylonitrile (PAN) UF support
membrane, the preparation of the PAN UF support membrane is described in
Iixample 1 above. To prepare the NF membrane, the UF membrane, which contained
active amino groups, was immersed in an aqueous solution of 1% dye of Formuia 1
shown below and 10% sodium chloride for 15 min and then in 5% solution Of
Na2CO3 for 20 minutes. This resulted in a modified UF membrane that served as a
support for the subsequent NF layer. The NF layer was formed by coating the
modified UF membrane, using a doctor knife having a sit thickness of 50 microns,
with a reactive agueous polymer solution containing 0.1% PEI and an equal
concentration of a condensate of cyanuric chloride with suifanilic acid, prepared as
described in Example 29 above. The coated membrane was dried in air and then
cured for 1 hour in an oven at 90 °C. After this step the membrane was immersed in a
20% aqueous cthanol solution containing 0.02% w/w of the condensate of cyanuric
chloride and a suifanilic acid and heated for | hour at 60 °C, The membrane samples
were tested by Test Method 2. The water flux was 1800 liters/m**day and glucose

rejection was 98%.
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Example 38:

Solvent stability of NF membranes made using reactive dyes A membrane prepared
according to the procedure of Example 37 was tested in a 5% aqueous glucose
solution and immersed in N-methylpytrolidone for a period of 8 days. After this
exposure, the membrane was removed, washed in RO water for 24 hours and tested
as described in Test Method 2. The glucose rejection before the immersion in organic
solvent was 98.6% and remained high after immersion at a level of 98%. Water flux
before organic immersion was 1800 liters/m<2>*day (LMD}, and after the
immersion in organic solvent it was 1400 liters/m *day.

Example 39:

Solvent stability of monolithic PAN membrane Several membrane samples that were
prepared according to the procedure of Example 34 were tested in a 5% aqueous
glucose solfution. Afterward the membranes were immersed for different time periods
1n several organic solvents, such as N-methylpyrrolidene (NMP), dimethylformamide
(DMF) and acetone. After the exposure, the membrane was removed, washed in RO
water for 24 hours and tested as described in Test Method 2. The results of the
membrane performances are summarized in Table 9. The results demonstrate high

stability in presence of organic solvents.
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Exanpl e 43: Alkaline stability of nonolithic PBS nenbranes.
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were imumersed for different time periods in 10% and 20% NaOH solutions

respectively. The membranes were tested according to the Test method. The results

of the membrane performances after exposure are summarized in Table 10

(performance before exposure was similar to that shown in Table 9).

Table 10

NAOH TREATMENT, RT

conc. NaOH,% E;fi;sme Tame, g;&%) flux Glucose Rejection
10 18 1300 99.0%

10 42 1520 98.5%

20 48 1300 99.0%

LExample 41 :

Preparation of NI membranes on Polyethersulfone (PES)

(monotithic and non-monotithic)
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2. The polymeric sem perneabl e nenbrane according to claim1, wherein
additionally conprising a woven or non-woven textile substrate underlying
sai d base polyner. 3. The polyneric seni perneabl e menbrane according to
claiml, wherein at | east one portion of said cross-linked skinis

hydr Ophl ! }\C{\ll Wdlﬁrglglg?ﬂpll a@@ged)% e%%@&lgﬁlg t8 Q}I?tg}v\;?%g ¢ 0[4"’}{3.-1']- ?C ?Plb\{lﬁr 1c

sem per neabl' e rane acc in‘Sald redctive pendant

noi eti es polgethredioes (BESEOY edpﬁmuﬂbmb&mgmmmomm:hchti ng of hal ogen ,
nitrile and a conbi nation_t her eof pol ynmeri c sem perneabl e nmenbr ane
accor di ngUP82Qvassed ingisad af ﬁp%l&ﬁﬂmﬁﬁé%s)p%PW%WCE@@@I ected fromthe group

const st ng. RinaRkE Rl dRRSE Leanh Bpos aGh vl aRicind Rrigh iErand any

copol yners thereo meric’ sem per nea accordl ng to
claiml, mhafcatljn bemcbtobhsmcpdb/mgd’r}iﬂal‘dbprmbl YEbITBE | (smsmpng yacigritloni tri |l e.

7. The po ri ¢ sem perneabl e rane or dj to claiml erein said
cact by bR ain Grous Sk Brestadtgn ab dpsriiaus RES situibibae e b ot

IOOI yner bi}(se?f&zﬂ%‘b;%’é z&rc&%ﬁﬁd%ﬂﬁ%ﬁl@ lor 9@@05%119&%@@@%&%&90 of

oxi dati on reaction, ozonation reaction , | orosul fonation reaction and any

conbi nat i was pzhgérrefbby n®difYlg apﬂ@hyn@maﬁy ge&ﬂib@rlﬁe%ﬁl*enmbim%lh)eﬁ@écor ding to

claiml, er ei ne ura epeat i ng

sui | one g‘l\f@% 1a ‘2’55 *t% ’“B%tr‘@%? %é r(}é ﬁl’éggf)gd lr%sr"atﬁg e‘?((::iéioi}ldl ng to claim
1, wherei GHEQBIC(DHS(Q :PPRdtYo@n tdisper@liRched hbiio Mha n@hihcconshed agheaf
polysulfones pol yet her sul f ones polﬁghenylene sul fones and any conbi nation

t her eof . thhgoolfﬂé PoRates fereith sk &msélt%rwlélﬁ@b&’@édfﬁﬁlfﬁ‘éh%lo claiml,
wher ei n Sl?lbﬁllf %ﬁ%@d&%{)?ﬁ&ﬁn Ifrf)u;rg;rl(? quﬁt?)&ﬁmpl%]l hfé( 4%%9t196\}§ P]Z!I soluTBﬁ"

pol ynmeri c sem per nea ne ‘accordi ng erein sard
chl or osul (200 BEI, diiWr e 880,000 206 PEBMWedSOm)tfolimwml wdiedeatatmenpniaseagogl aci al

acetic acid or m xture of acetic th to,ast one nagn-pol ar
sol vent . AP0 ar bohy lipwed ééﬁi)ﬁl&%&b%%ﬁ%&& 'U@Mfﬁ@ﬁv%w iml,
wher ei n sphd,agot her polynmer is selected fromthe group consisting of

pol yet hyl eni m ne , polyvinyl alcohol and a combination thereof. 13. The
pol ymer i cTJslerﬁdlp@@pmmemmawbv&nhem@mmtﬁawﬁgdamlddnd‘nmmaﬁ@]en@m tigeli d anot her

pol ymer | Elyé)x oeff'l%z?ctt)llv pgl(gfn}én S&Yltlgrp corHtammg 0.1% of PEI and an equal
concentration of a condensate of cyanuric chioride with sulfanilic acid prepared as
described in Example 29 above. After coating, the membrane was dried in air and
subsequently cured for | hour in an oven at 90 °C. After this step the membrane was
immersed in a 20% aqueous ethanol selution containing 0.02% w/w of the condensate
of cyanuric chloride and a sulfanilic acid. The solution was heated to 60 °C and the
membtanc was treated in this solution for a period of 1 hour.
Example 42:
Acid stability of PES membranes (monolithic and non-monolithic) NF membranes
prepared as described in Example 41 were immersed in a 20% sulfuric acid at 90°C
for a period of 1-20 hours. These membranes were tested as described in Test Method
2. The results of the membrane performances are summarized in Tabie 11,
demonstrating superior actd stability of the monolithic NI' membrane compared to
that of the NF membrane in which the top layer is not covalently bound to the

underlying UF support membrane.
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14. The polyneric sem perneabl e nenbrane according to claiml, wherein said
pol ynmeric sem perneable nmenbrane is an ultrafiltration (1111 nenbrane or a
meroldtration (MI.) menbrane. 15. The polyneric sem perneabl e nmenbrane
according to any of clainms I, wherein said cross-linking reaction is
effected ‘13?('—: eyat ed tenperature utilizing a solution of said oligonmer or
anot her polyner, optionally followed by a drying step at el evated
t enper at ur g—16—Fthe—pobyrerte—semperreable—rerbrane—accordi-tg—to~—cl ai m
15, whereijn said drying g i.s.effect i [y el evat ed
t emper at urig., . L neThe_ pol )tr]r’gfflmém%"e%“pg? rre’g zseéh%ﬁ%'r%’r’\é;g%o?cor ding to glaiml,
wherein s ?r:(g%p%a;i&fm” c s¢m perneable nenbrane is preferably a

rtri

pol yaeryl 3 e ul traf i|Tdqat I afxpp@er.ane and i.d ot he olyner}is
pref erabl yi pol yet hyi eni Ifisag, hou}ss.p The @GF&@&@@@W\?{B}@?% %%@eﬁé‘?‘?br ane
according to.claiml, wherein said poliyneric sem perineable nenbraneiis a
pol yvi nyl i ([dampkl4dari de ylltrafiltrati grtsfenbrane and $& d anot her ppl yner
i s polyethyl enimne. 19. [(The-polyneric } i ng to
claim1, dharacterized by !Raving i nprav@®stability |cofbared to the
non- nodi f i feg—rephrane—rrian aggt esstv vHrontrent g udt ng—at tealst one
of the groﬁ%‘ I&IBrﬁgP}gti ng (1fll aci d nedi a, g‘égsi c nedi a, ogrﬂ'gf'z;ni c solventsg,
oxi di zi ng |speci es, el evatfgf tenper at ur[gg@nd €l evat gapf essur €. 20.{ The
pol ymeri c isem per neabl e nmenbrane accor|ding to claim|l, wherein said
nanofiltration (NF) layer 1s forned from (i) at |east one di-, tri- or
tetra-hal o substituted di azine or thazi ne-containing nononer, oligoner or
pol ymer an an(ﬂléz)w'at | east one multifunctional am ne having a nol ecul ar
wei ght in t'he'range of 400 to 750,000, provided that at |east one of the
di -, tri- Alkalied stabilisd of rsetsithit PESdnahRzanhdye or triazi ne-containi ng nononer,
oligorner or polynmer is not a di- or triazine nongoner which is substituted
only by chY%Yeal hembripgs pepayemkiy accudaiosey it BIsInEoseaHIss ahexamples 4l M 20
wher el 0 saidydi 921 Asdd 1R T MER kAL NS SRR sOfuich BREET 1
selected fromthe group consisting o NI

membranes were tested as described in Test Method 2. While the monolithic

membrane (41B) maintained initial performance after alkaline immersion for a period
of 7 days, the standard non-monolithic membrane (41A) showed a decline in glucose

rejection valucs from an initial value of 95% to 75% after 7 days.

Example 44.

Preparation of non-monoelithic NF membrane on a PAN UF support membrane,

A PAN-GMT-LI UF support membrane was treated with a 10% aqueous solution of
sodium hydroxide at 50 °C for 15 minutes, washed well with water and heated for 15
minutes at 110 °C in a high boiling solvent such as glycerol. Afterward, the
membrane was washed with RO water. It was coated, using a doctor knife having a
slit thickness of 50 microns, with a reactive polymer solution containing 0.1% of PEI
and an equal concentration of a condensate of cyanuric chloride with sulfanilic acid,
prepared as described in Example 29 above. The coated membrane was dried in air
and subsequently cured for 1 hour in an oven at 90°C. After this step the membrane
was immersed in a 20% aqueous ethanol solution containing 0.02% w/w of the
condensate of cyanuric chloride and a sulfanilic acid. The solution is heated to 60 °C

and the membrane was treated in this soiution for a period of 1 hour.
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F12NTh Rs, RIRl <P-Ng.,Rz and R2N ."-1,4"*", | wherein: R6 RL is

i ndependently sel ected at each occurrence from broino, chloro, iodo, fluor,
-N1-1R5, -0OR5 and SR5, wherein R5 is independently selected at each
occurrence fromFl, optionally substituted al kyl and optionally substituted
aryl; R2 is independently selected at each occurrence from brono, chloro
and fluoro; R3 is independently selected at each occurrence from brono,
chloro, fltuailbe-aphlietirted byGiRsoanekiBRbin thieit elkan g resent mdanemdenbd y sel ected

at each ogcurrence fromH, optiopally su stlt al k and optlonally
subst i t ut BEViEH {3 whishap §e%’ewaé*¢ft%ﬁl>f°rh@mw ds%ﬁ»ﬁg ﬂ%‘ﬁi‘@ gve. fethsF the. NI - 1R5,

-OR) and %6#3 g{)g}é‘g&ﬁ,ﬂ,&ﬂ ﬁqﬁ?[ﬁgdr']bg%@flll ébn?cﬁnll. fbli]?qbc%ube&ﬁ%df?ﬁﬁ}ﬁ&r ?ncedf rom

H, option tituted opti ona ysu5|tute ary |; an
various features described helemabove as well as modifications thereol which would

occur to a person of skill in the art upon reading the foregoing description and which

are not in the prior art.
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R8 is independently at each occurrence -NH- A-NH, wherein Ais selected
fromCl 20 aliphatic noieties. C6.10 aromatic noi eties, and conbi nati ons

t hereof; provided that at at |east two occurrences, R, R2, R3 and R4,
taken together, are selected frombronmoi chloro and tluoro, and further
provi ded that when both RL and R2 on a single ring are C, at |east one of
R3 and W is not . 22. The polyneric sem perneabl e nenbrane of clains 20
to 21, wherein said nmultifunctional am ne has a nol ecul ar wei ght of in the
range oiCi140G48$0 250, 000. 23. The polyneric sem perneabl e menbrane of any of
clainms 20 to 22, wherein said nmultifunctional amne is selected fromthe
group consi sii pgly@kripGeyaichybMie hithit@anePediyprisiy amidiroRaAlnk¥d MtapblyiRes,
pol ybenzyl am nes, pol yvinylimclazolines, and am ne-nodified '

pol yepi hal ohy@Vingdeactive peridantyapigtigsy padd basginpbimas deing mpdiisdayelogning iy crops-
claims 1 to 33, ' LIS . (oY T T

Cel ect ed 1rom ERe o Sb ‘CARar e (e Re PRl IR BT B A or TR B8 of

i chl or 0- 2- sodeastivp pendanioanictitseorssaid suatecnwith4anedigoohl arawotheppelyinki; ndstdin
426 i o or o R attar Babiofaf U8B liked skinyis govplently bapiigh g & nanofiltrationNE)

at hi no-s-tri dayer.ne. 25. A nethod of formng a polyneric sem perneabl e
menbrane conprising the steps of: providing a non-cross-1inked base pol yner

havi - L : ¢ ¢ i ki, ;
aving r eaﬁ.t HE 85{%@%?1@535@%0?&1&%% n?&gor%{e g&ctol'd?l?%goe%%\]? :lail »gﬁ%éggac%ﬁﬁ)&%@m

bet ween theé rea en nor eties on sur
with an ol i gepmerisiog a anetiher ngekynartextiih arbebyte iodaryhg aiddiaespollinaked skin
on said surface of said base polyner; wherein said nethod additionally

or i on of osrargPieheiEhityR R ki ARDIE ) BUER 1 Rlerdh o TR o
wher ei n sai d psttep abfaifforrodsdgikbdiskihér hydombitics ihydropbapc afd zcmtﬂiiemtmyhdyenfdi, ng
said NE |l ayer to said cross-linked skin. 27. The nethod according to claim

25, wherei ' nod, bbb TSNS t f L di ol
reactive p§n§§%?°§§%g??ﬁ@q%gﬁigﬁigkﬁPgﬁ?Pﬁgﬁgr J%‘?%Hﬁﬂg?@ﬁ%hbkmﬁé oggh,
nitrile and accdmbinEticoarespeiactlecte® §onThe grmplrotsistingort dilogert micllaam £5,
wherein saidcne ngmﬂgd%tkonally conprising step of providing said base
pol yrer sel ect &d"fYY th‘group consi sting of polyvinylidene fluoride,
acrylonitrile polymer and any copol yners thereof. 29. The nethod according
to claim25, T%@Déﬁmrigamﬁin@'m%‘de adembiapsn alcbardimgnor cleinmgl, swbgreiof sqid dabeli ng
sai d base pol . i.Si Rg..pol ya pitrile. 30 The t hod accor.ding to
any of ot ar mpoaBter S ERe! BEnRL AR AR bho e TEREE RESHN
addi ng r eact ipsBnpre ncthaty sqpoBineessthtoofl he outer surface of said base pol yner
by a chem cal process in order to provide said non-cross-Ilinked base

polymer hayipg rpgF}/ﬁ{cirigeseﬂﬁﬁ&ﬁl@&blgo&lg%gl%ﬁc according to claim 1, wherein said base

polymer preferably comprises polyaceylonitrile.

7. The polymeric semipermeable membrane according to claim I, wherein said reactive
pendant moieties are added to the outer surface of said base polymer by a chemical
process sclected from the group consisting of oxidation reaction, ozenation reaction

chlorosulfonation reaction and any combitnation thereof.

8. The polymeric semipermeable membrane according to claim 1, wherein said base

polymer comprising a plurality of repeating sutfone groups.
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31. The nethod according to claim25, wherein said nmethod additionally
conprising step of providing base polyner selected fromthe group
consi sting of polysul fones, polyether sulfones , pol yphenyl ene sul fones and
a conbination thereof 32. The nethod according to claim 25, wherein said
met hod additionally conprising step of providing said base pol yner
conprising polyether sill lone. 33. The nmethod according to claim 25,
wherein said nethod additionally conprising step of providing said anot her
pol ymer sel ected from pol yet hyl eni m ne and pol yvi nyl al cohol. 34. The
met hod according to claim25, wherein said nmethod additionally conprising
step of ppOoTheipadynsaicdsampéhablpohymbiane QRPsidRigN@ PRl et hyvhadinksie tise The
nmet hod according to claim25, wherein said step of effecting said
cross- | i nki MeheRsctsi sHecigd drom ras Braipe RSB etfp 8p el et Palystheig s fowss ut i on
of said ol i gNBhe R RRAIFRRE ﬁgla}{?@&nbﬁ&im{l}h@mgﬁt hod of claim 35, wherein
said step of effecting at a first elevated tenperature in the range of 50 -
100C. 37. ., The net hod  of cIainyg , Wherein said step of effectjng at a first
el evat ed ﬂ%gﬁﬁra‘f’ﬁ‘i’"é‘"? e RERY Ew irnegipceidingg ) iE hehEE ofaid| st 25,
wher ei n_sai Goflned iPfreffd BoghSalLdorl 0ss-1inking reaction for 5 - 32
hours. 39. The netﬁ%d o#ﬁ%#%?ﬁfgg,g%herein said step of effecting said
cross-link} reaction for. 10 - FO hoyrs. 40. The net hod Qf claim 25,
wher e n sl e PRBINSRA AT BRERI Ec SRBRTEioh FOEQrA B O pHB df-nd"Etainy S gomer
or anot her pAly&RIfohdlion dbddtisRidddnGa wttmatsbﬁewﬁﬁmsrnggg'lmmiaaeztc%icr@me of
2- 10% 41. The nethod of claim25, wherein said nethod additionally
conpri si ng deiEpueef aseinacd with shleast on¢ Bohedlaiogibt her pol yner in said
sol ution having concentration of preferably 4% 42. The nethod of claim 25,
wher ei n saﬁ.drra?dnﬁﬂel-aﬁ@ﬁ;ﬁib@mbﬂuy 1BORBHhS hAGrEA LR i 1dRyHeRGn Shi6kndthed

e

second el evat tenperature in the range of 70- 120 C. . .
poiymer is selected from the group consisting of polyethylenimine , polyvinyl alcohol

and a combination thereof.

13. The polymeric semipermeable membrane according to claim |, wherein said another

polymer is preferably polyethylenimine.

14. The polymeric semipermeable membrane according to claim 1, wherein said polymeric
semipermeable membrane is an uitrafiltration (UF) membrane or a microfiltration (MF)

membrane.

15. The polymeric semipermeable membrane according to any of claims [, wherein said
cross-linking reaction is effected at elevated temperature utilizing a solution of said
oligomer or another polymer, optionally followed by a drying step at clevated

tempetature.

16. The polymeric semipermeable membrane according to claim 15, wherein said drying

step is effected by ait drying at elevated temperature.

17. The polymeric semipermeable membrane according to claim i, wherein said polymeric
semipermeable membrane is preferably a polyacrylonitrile ultrafiltration membrane and

said another polymer is preferably polyethylenimine.
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43. The nethod of claim 25, wherein said nmethod additionally conprising
step of providing said cross-linking reaction conprising reacting am ne
groups with nitrile groups to formam di ne groups. 44. The nethod accordi ng
to claim25, wherein said nmethod additionally conprising step of providing
said polyneric sem perneabl e menbrane conprising polyacrylonitrile
uttrafiltrati on nenbrane and sai d anot her pol ynmer conpri sing

pol yet hyl eni m ne. 45. The method of claim25, wherein said nmethod
additionally conprising step of providing said cross-linking reaction
conprising reacting primary and secondary am no groups w th hal ocarbon
groups to forfel g erRNEnti b nR MR HcQHBDg 16 Blaind NS WRBLROG i REOPRGINT to
claim 25, wherein “said nethod additionally conprising step of provfding

pol ymeri ¢ serepécnpeddiemashtonaie: pgppnylsieng fipolidoslngilthdenaenbaoe nuksaid
ultrafiltratign,menbrane sal d. another polymer conprising
polyethyleniﬁﬁﬁgqlgﬁyﬁmfﬁg&ggﬁﬁggngg%ording to claim 25, wherein said step
of rorm ng nanoldtration (NE) |ayer conprising: (iii) at |east one di-,
tri- or tel¥adbhsaodmuissemerachbls meinheng aceciding tecleont agharagtgrizethbyrbaying

ol i gomer or = (1 | east .ope. i fu | . am ne I a
nol ecul ar meﬁ%h%ﬂgﬁ ?H@htaﬁéémg%d4§g %8 g@bg%hgkhpﬂﬁéﬁﬁﬁl fﬁg%péﬁﬁﬁégg one
of the di-, hnviremdnetindudigd o Isadbshe blittedrdipzemstiog of néidmader, bagit aiediang
mononer, ol i goner of ﬁol ng[.is nothg di - or tyiazing [onomer which is
substituted SRR ERISPHY NG SRR SERBRUN RGN §1¢MES RSACwher ei n
additionally conprising step of selecting said diazine or

tri azi ne- cdhtTdienpoly navivosenipermedblgamembfaremutdvediggowp cleonsi s hibreinfsaRil

NNNN- _, mNR%@?lyﬁﬁ!*\la%n (NF') layer is formed from:

(1) at least one di-, tri- or tetra-halo substituted diazine or
thazine-containing monomer, oligomer or polymer

and,

(ii) at least one multifunctional amine having a molecular
weight in the range of 400 to 750,000, provided that
at least one of the di-, tri- or tetra-halo substituted
diazine or triazine-containing monomer, oligomer
or polymer is not a di- or triazine monomer which

is substituted only by chloro.

21.The polymeric semipermeable membrane of claim 20 ,wherein said diazine or
triazine-containing monomet or oligomer is selected from the group consisting
of
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al IR R3NtirsR2 and R2RNR8R2 , wherein: Rl is independently sel ected at
each occurrence frombroitio, adorn, iodo, fluor, -1IHR5, -0OR5 and SR5,
wherein it is independently selected at each occurrence fronoptionally
substituted al kyl and optionally substituted aryl; 86 R2 is independently
sel ected at each occurrence frombrono, chloro and fluoro; R3 is

i ndependently sel ected at each occurrence from brono, chloro, fluor, -

NFI R5, -OR5 and 5R5, wherein R5 is independently selected at each
occurrence fromH, optionally substituted al kyl and optionally substituted
aryl; R4 is selected fromH, brono, chloro, fluor, -NIIR5, -0R5 and SW
wherein RS is indegendently selected at each occurremce fromFt, optionally
substituted al kyl and optionally substityited aryl; and R is independently
at each occurrenceiss NH A-NFL-, wherein i S selectegfrom C120 aliphatic
noi eties. C5_10Waro ic noieties, an ¥ nat i t har eof ; provi ded that
at at | east tmn”oc?iitz?ces, R, R2, and; R4, qaken oget her, are

sel ected from moiz=thl oro and fl ugr,~an rt r ovi-ded t hat when both
R and R2 on®a sinfle rifig are O ,Rat | est orf® of I andRR4 is not O.

R1 R‘ R‘
R4
[ e
I~ PPN
R® N R¥ and R? N RO N

R'is independently selected at each occurrence from broino, chloro, iodo,

¥4 "
R*, wherein:

fluoro, -NHR?, -OR® and SR®, wherein R* is independently selected at each

occurrence from H, optionaily substituted alkyl and optionally substituted aryl;
R? is independently selected at each occurrence from bromo, chloro and
fluoro;

R? is independently selected at each occurrence from bromo, chloro, fluor, -
NHR®, -OR® and 5R® wherein R* is tndependently selected at each

occurrence from H, optionally substituted alkyl and optionally substituted
aryl;

R* is selected from H, bromo, chloro, fluoro, -NHR?, -OR> and SR’,
wherein

R’ is independently selected at each occurrence from H, optionally

substituted alkyl and optionally substituted aryl; and

R* is independently at each occurrence -NH-A-NH-, wherein A is
selected from C,4¢ aliphatic moieties. Cg10 aromatic moieties, and
combinations thercol; provided that at at least two occurrences, R'

2 3 4 . .
R*, R” and R”, taken together, are selected from bromoi chloro and
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49. The nethod according to clainms 47 to 48, wherein additionally
conprising step of providing said nmultifunctional am ne having a nol ecul ar
wei ght of in the range of 400 to 250,000. 50. The method according to
clainms 23 to 46 , wherein additionally conprising step of selecting said
mul tifunctional am ne fromthe group consisting of polyethyl enernine,

pol yvi nyl am ne, polyvinylanilines, polybcnzylam nes,

pol yvi nyl i mi ci azol i nes, and am ne-nodifi ed pol yepi hal ohydrins. 51. The
met hod according to clains 25 to 50 , wherein additionally conprising step
of providing supplenental cross-linker selected fromthe group consisting

of 2,4,6-trichlaugrs-ddd Azith& pfoAdeH Ghhohdred BOH RMand R? on a single ring
pstilloanile-s-triazine (4,6-dichloro-2-p-anilinesulfonie. acid sodium
sal t - stri azi ne)ared-b-adiledst ome-oi Qi epfdholsamtfel s-tri azi ne and 4.6-di chloro
athi no-striazine. _ .

22. The polymeric semipermeable membrane of claims 20 to 21, wherein said

multifunctional amine has a molecular weight of in the range of 400 to 250,000,

23. The polymeric semipermeable membrane of any of claims 20 to 22, wherein said
multifunctional amine is selected from the group consisting of polyethylenernine,
polyvinylamine, polyvinylanilines, polybcnzylamines, polyvinylimiclazolines, and

amine-modified polyepihalohydrins.

24. The polymeric semipermeable membrane of any of claims 1 to 23, wherein further
comprising supplementat cross-finker selected from the group consisting of 2,4,6-
trichloro-s-friazine, 4,6-dichloro-2-sodium p-sulfoanile-s-triazine (4,6-dichloro-2-p-
anilinesulfonie. acid sodium salt-s-triazine), 4,6-dichloro-2-diethanolamine-s-triazine

and 4.6-dichloro athino-s-triazine.

25. A method of forming a polymeric semipermeable membrane comprising the steps of:
providing a non-cross-linked base polymer having reactive pendant moieties; and
effecting a cross-linking reaction between the reactive pendant moieties on a surface of
said base polymer with an oligomer or another polymer, thereby forming a cross-linked
skin on said surface of said base polymer; wherein said method additionally comprising
steps of forming a nanoftltration(NF) layer over at least a portion of said cross-

linked skin.

26. The method according to claim 25, wherein said step of forming further comprising step

of covalently bonding said NF layer to said cross-linked skin.

27. The method according to claim 25, wherein said method additionally comprising step of
providing said reactive pendant moieties selected from the group consisting of halogen,

nitrile and a combination thereof .
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28.

29.

30.

31,

32,

33,

34.

35.

36.

37.

The method according to claim 25, wherein said method additionally comprising step of
providing said base polymer selected from the group consisting of polyvinylidene

fluoride, acrylonitrile polymer and any copelymers thereof.

The method according to claim 25, wherein said method additionally comprising step of

providing said base poiymer comprising polyacrylonitrile.

The method according to any of claims 25, wherein said method additionaily comptising
step of adding reactive pendant moieties to the outer surface of said base polymet by a
chemical process in order to provide said non-cross-linked base polymer having reactive

pendant moieties.

The method according to claim 25, wherein said method additionally comprising step of
providing base polymer selected from the group consisting of polysuifones, polyether

sulfones , polyphenylene sulfones and a combination thereof.

The method according to claim 25, wherein said method additionally comprising step of

providing said base polymer comprising polyether sulfone.

The method according to claim 25, wherein said method additionally comprising step of

providing said another polymer selected from polyethylenimine and polyvinyl alcohol.

The method according to claim 25, wherein said method additionally comprising step of

providing said another polymer comprising polyethylenimine .

The method according to claim 25, wherein said step of eftecting said cross-linking
reaction at a f{irst elevated temperature utilizing a solution of said oligomer or another

polymer.

The method of claim 35, wherein said step of effecting at a first elevated temperature in
the range of 50 - 100 °C.

The method of ¢laim 33, wherein said step of effecting at a first elevated temperature in

the range of 70 - 90 °C.
84



38.

39.

40.

41.

42.

43.

44,

45.

46.

The method of claim 25, wherein said step of effecting said cross-linking reaction for 5 -

32 houts.

The method of claim 25, wherein said step of effecting said cross-linking reaction for 10

- 20 hours.

The method of claim 25, wherein said method additionally comprising step of providing
said oligomer or another polymer in said solution with the concentration in the range of

2 - 10%.

The method of claim 25, wherein said method additionally comprising step of providing
said oligomer or another polymer in said solution having concentration of preferably
4%.

The method of claim 25, wherein said method additionally comprising step of a drying

step at a second elevated temperature in the range of 70 - 120 °C.

The method of claim 25, wherein said method additionally comprising step of providing
said cross-linking reaction comprising reacting amine groups with nitrile groups to form

amidine groups.

The method according to claim 25, wherein said method additionally comprising step of
providing said polymeric semipermeable membrane comprising polyacrylonitrile

uftrafiltration membrane and said another polymer comprising polyethylenimine.

The method of claim 25, wherein said method additionally comprising step of providing
said cross-linking reaction comprising reacting primary and secondary amino groups

with halocarbon groups to form imine and tertiary amino groups.

The method according to claim 25, wherein said method additionally comprising step of
providing polymeric semipermeable membrane comprising polyvinylidene fluoride

ultrafiltration membrane and said another polymer comprising polyethylenimine.

85



47. The method according to claim 25, wherein said step of forming nanofiltration

{(NF'") layer comprising:

(iii)  at least one di-, tri- or tetra-halo substituted diazine
or thazine-containing monomer, oligomer or polymer

and,

(iv)  atleast one multifunctional amine having a molecular
weight in the range of 400 to 750,000, provided that
at feast one of the di-, tri- or tetra-halo substituted
diazine or triazine-containing monomer, oligomer
or polymer is not a di- or triazine monomer which

is substituted only by chloro.

48.The method according to claim 47, wherein additionally comprising step of
selecting said diazine or triazine-containing monomer or oligomer from the

group consisting of

R! U Rt
Lo Lk
/‘\ //l\ /K a X /[\
R? N N R2 N RE N R?

R R)! R
sdioUel
R3 N R2Z and R? N Y N R?  wherein:

i - . .
R’ is independently selected at each occurrence from broino, chloro, iodo,

fluoro, ~NHR5, -OR® and SRS, wherein R is independently selected at cach
occurrence from FH, optionally substituted alkyl and optionally substituted aryl;
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R? is independently selected at each occurrence from bromo, chloro and

fluoro;
R?is independently selected at each occurrence from bromo, chloro, fluor, -

NHR’, -OR® and 5R>, wherein R’ is independently selected at each
occurrence from H, optionally substituted alkyl and optionally substituted
aryl;

R* js selected from H, bromo, chloro, fluoro, -NHR®, -OR> and SR>,

wherein

R® is independently selected at each occurrence from H, optionally

substituted alkyl and optionally substituted aryl; and

R® is independently at each occurrence -NH-A-NH-, wherein A is
selected from C,.,0 aliphatic moieties. Cg.1p aromatic moieties, and
combinations thereof, provided that at at least two occurrences, Rl,
Rz, R? and 'R“, taken together, are selected from bromoi chloro and
fluoro, and further provided that when both R' and R* on a single ring

are CI, at least one of R? and R* is not CL.

49. The method according to claims 47 to 48, wherein additionally comprising step
of providing said multifunctional amine having a molecular weight of in

the range of 400 to 250,000.

50. The method according to claims 23 to 46 , wherein additionally comprising step
of seleéting said multifunctional amine from the group consisting
of polyethylenernine, polyvinylamine, polyvinylanilines,
polybcenzylamines, polyvinylimiclazolines, and amine-modified

polyepihalohydrins.
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51, The method according to claims 25 to 50 , wherein additionally comprising
step of providing supplemental cross-linker selected from the group
consisting of 2,4,6-trichloro-s-friazine, 4,6~dichloro-2-sodium p-
sulfoanile-s-triazine (4,6-dichloro-2-p-anilinesuifonie. acid sodium salt-s-
triazine), 4,6-dichioro-2-diethanolamine-s-triazine and 4.6-dichloro athino-s~

triazine.
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