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Reverse osmosis (RO), nanofiltration (NF), ultrafiltration (UF), and microfiltration
(MF) are examples of membrane processes. Microfiliration is a separation process
that utilizes membranes having pores of sizes from about 0.1 microns to about 10
microns. Ultrafiltration is a separation process that utilizes membranes having

* defined pores of sizes of about 1 nm to about 0.1 microns. Ultrafiltration membranes
are often characterized by their “molecular weight cut-off”, a technique that defines
the ability of ultrafiltration membranes to separate polymers from a solvent. A
molecular weight cut-off method is described in ASTM method E1343-90(1997)el:



"Standard Test Method for Mol ecul ar Weight Cutoff
Eval uation of Flat Sheet Utrafiltration Menbranes".
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magnesium sulfate is retained and the permeate contains a low amount of this salt, the
process is reverse osmosis. Therefore, this is an example of a reverse osmosis process
using a “nanofiltration” membrane. Also, a common reverse osmosis membrane,
Desal 3 SG, can pass hydrofluoric acid with water while retaining simple ions such as
sodium, copper, and chloride. In this example, the membrane discriminates between
the HF and the other small agents in solution, making it a nanofiltration process using

a “reverse osmosis” membrane.
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altogether compatible objectives. As the thickness of the polymeric film or
membrane decreases, the probability increases significantly that holes or void spaces

in the film structure will be formed. Of course, these holes or void spaces result in

significant loss of solute rejection.
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flbem coate with a semipermeable sulfonated polysulfone membrane to reduce the
levels of organic and inorganic impurities in caustic liquors. Although this patent
issued more than 15 years ago, membranes are not routinely used in industry for
purifying highly caustic streams, because membranes having a conunercially viable
combination of flow, rejection, and caustic stability have not been identified.

Accordingly, there is also currently a need for materials and methods that can be used
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(< -C20 [ canoyl oxy,” p or -
be thhghaRier ﬁﬁ%ﬁlenb@ldtﬂn@clmatrmﬁ@n hm:ﬂxf)gcear(@rﬂzcﬂﬂkiylaace (bhaikexy

0
Cr CPTPLIRER shdt SRl Raliiions 6T SR, AR aggyrer gin
the mitregesito wiich &g aRbattacigrelt ftve a pitdliditoh pipaidine geepHotinsyoi: ch
o Shy e ORI B B L pert v,
Czo)@@ﬁm;@ﬁﬂ))uﬁjlk@ﬂh kgC( C{g-)zﬂl&ﬁagﬁbkp?sg)g)ﬁrﬁllz subsutluted with one or
car bon al kano S
morg SR 9 G e Rl T G SBHO. SO O e, R,

—NR;RQﬁr@Mcrd‘ﬂEbﬁ‘eﬁtﬂtn@me Birb&iR of Qﬂmqg?‘ﬁzo)aﬁkﬁ}lf(@q QK& AG; -
-NRaRb and wherein one or nore carbons

(,zo)@,ltllogg@ﬁ&&@ an@;égjy Q¥QW1fano¥l@;y @26’}’891%%)}73 15([)@::@(1 with -O-,
-5-, G2Vl konrGRERAMNY lis ind nééﬁk1y§g&lbaéd<gﬂocy(,l)aqw I@?ﬂ

Coleh ool Do e s o 8t 20 o
mon%@ch@@é})cﬁé’ lor Fél%ych?ﬁ)@l‘.;}gw 15)\»&11%11 Eft:ge)éﬁl Jﬁ@ E&&%Bt@gﬁ}/!}

carioyl
Hoﬂﬁ@th@@ y@ma eonwo!iueg/ tihg b almatpowwl;v cing eystanngesystmeity be

subs‘(ﬂ“téﬁhﬁlﬂ oxle%‘?%m eoﬂl%stngén%r ﬁﬁ%p%%eglhy gelected from cyano, halo,

hydroxy, mercapto, nitro, carboxy, (Ci-Caolalkyl, (C-Cap)alkoxy, (Cy-
Copyalkoxycarbonyl, (Ci-Chp)alkanoyloxy, or -NRgRy, wherein R, and Ry, may be the
same or different and are chosen from hydrogen (C;-Cag)alkyl, (C i-Cao)alkoxy, (C-
Caojalkoxycarbonyl, and (C1-Cyo)alkanoyloxy, or wherein R, and R, together with the
nitrogen to which they are attached form a pyrrolidino, piperidino, morpholino, or

thiomorpholino ring; wherein each (Ci-Caygyalkyl, (C-Cogatkoxy, (Cy-
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non- carbon aton) containing ring is aromatic, which

ring systemcan optionally be substituted with one or

nore substituents independently selected from cyano,
Wil o22fiydr oxy, nercapto, nitro, carboxy,  perusaoesmsies

(Cr-C20)al kyl, (C1-C20)al koxy, (C -

C20) al koxycar bonyl , (Cl-C20)al kanoyl oxy or - NRaRb,

Co D5 G AP o e S b

more Chanc2ia i dusyy, nﬁeﬁ;‘&apt@ﬂ&):)abdlmyyﬁzﬁb hayk), aneko (=S) or

Nl i MRS PEF GGERT EB DR R by v i CaChaaPor i

CaO)lahlcbfcﬁ&aiHéhyloandr{t}f}@ﬁd)é?ikéi@yloﬂpE&I”B%anﬂih@l b@keplaced with -O-,
t hi onor phol i no ring; wherein eac %I

-S- @ONIE}Z’OWB‘FIR@WCh Reqp inﬁcwg@bﬁm@m&mwbsz@%w 031680

c6>a(u<&9 @Ilcgm&gm%yi an®fd.d SAe60.8), kARGY HONY n'Lo?hfied
opt I onal %@H@ stituted wth one or ‘fore cyano,

insofpdiy ysnche gipeidon puilyme magsds.boxy, sul fo, oxo ( O)
thioxo (=S) or -NRa, Ro and wherein one or nore

In aﬁﬁﬁ&%ﬁ%o@iﬁneﬁﬂﬁ@ 111@%L10%@é@&é§$'mat&ﬁne;%&i) Ab&B%Y 10 LT -

C20) al koxycar bonyl, and anoyl oxy can

metlnsk ¢fdhrainysptie repl aced W|th -0-, -5-, or -NR,

wherein each R is |ndependently hydr ogen,

Appﬁ@ln‘t @s) :ﬁs’.o'ﬂ%l:xpe@tgiry GEah Qs ulfo%mﬁ@ }rﬁhﬁ%¥§@ﬁc@ﬁ{ﬁﬂé

) al kanoyl oxy; to provide the nodif
pumaméw ﬁspbméidﬁr@nwm)@wew&hwawpwwIOMmlg rcb@ I'n
Lh
e e TRt R UEMH AR B (5 D02 1Bk Fhua
to pegaps iacambinhiim @Ifw trieEkipe.cine diuptid gabildy theatmake them a

v1ab@eoc}o¥r§fh'ell I:l g@ﬂbﬁ* ?190 %E@Jx@ﬁ&é C’l(létﬂlc Lg"gn ]]1 erﬁg% Eoper ?ted by

use
a Ba‘ymaaiumma actcp'm@y phnecssc Enp@nampteSSmibnmds truembzfaeesctcmﬂae emds :

o e R ROR BT Gk (s Bat B b e At f 89536

lowattiadovdlihy oftthatridredotet da@nand/or W iabkSe crmF@uG dlor@@ids on
. for ({r cti'_ntin au u(Sﬂﬁ[strea such as, those
incifRgHiet AAGEF BRHINES BTl HRIRES R L PRy RRERSe For
cont@?ﬁﬁﬁ’ﬂh&mbl&ﬁh fReBaRE Ay N BARIAENG SssaABd et MERMyY sdlfonamide
concen({%eate organic inpurities in the feed |iquor
Protpyps v&ulg be lghils lﬁélcﬁ‘ésflﬁt“%\mqlwe%‘i’ at that dhely rgiparyal pyoeld isad ffe
menfrarl®BhRNinghnd d&ldafiialadRadi or to increase the anmount
of organics incinerated. These findings are
@g ﬁ_iarl surprising for pripmary sul fonam de
Accugiieh HiedReRBPaHdes & Hehadcunirsinggentptiag i dugplyane

com ﬁﬁh’%‘??ol?ﬁ%nd?ﬁﬂ@ﬁ{&hhxw i Qf&@m&ﬁlon@lﬁﬁhﬁﬂ ?HVM? Wl dadpe
bilTe in a caustic environnment and heir

aboyt d kppdhat fis fped JoBrign isgfractionated into a permeate and into a retentate.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows salt water testing values for membranes prepared according to
Examples 1 and 2 vs. untreated control membrane for various aryl sulfonyl chlorides

dissolved in MeOH,



menbrane swel ling and decreased performance.
Accordingly, the invention provides a nethod
conprising contacting a nmenbrane conprising a
wantoygahfopnanm de matrix with a feed sol uti onphaykdaskdsso
pH of at |east about 11, so that the feed solution iIs
fractionated into a perneate and into a retentate.

e ED S S ety [ RS Fncs ot epar ca accor ai ng

to Exanples | and 2 vs. untreated control nenbrane
Defibionyari ous aryl sul fonyl chlorides dissolved in

MeOH. 8 WD 2007/ 022100 PCT/ US2006/ 031680 DETAI LED

PTI.ON. THE | NVENTI ON Lnjtions As used. .

As RGP oy e ST e Thisrt B o it ot i
afterr ieNBI @R ted nd adilsisBfof atoﬁ‘ﬁﬁ)[d's%nt nafht egaciaht 38 tdeatibed and

consists of ato resent e reactant prio
e %&ih%&@ﬂﬁf@maua%ﬁ%uﬂ@% a

ring oféitd @Ry hARGcRewiicABaS OranBd RS inSUGHuRDedvech | NY
openi ng may have occurred, which lead to di fferences

wmlﬂﬁ% @Rdrleat%% HoBexpawie a5 wy] fenylghioride smastadhivih axgpine

grou@ R AR aBix @&ﬂ@[dﬂn Stilehomde &h&e@ Eﬂﬂ ?esfdﬁ@'%@‘qeéi\‘hkh an
amne group or a mat ri X woul fform a sul f onam de

consfijtndlr ayiiing @@ﬁ KI0MDs svhffétutqdm thipieryl riggo Al the sulfyr diokide
mox@r(q)éthe {ai'uﬁgen] V?tﬂ‘)fd gclf i p%t stihs Ec'sfdﬂ!: eclg L%stplgﬁ oY blcEﬂuFEg' ot

nol et e nltrogen Wou
matifiye npteitihafadiéne. Pfe;s {hebLpsampls the ar y\]a,glf pa chlofide thactant was

ptofel ge%h‘l?&% 11&%6 heles onypldth%orl 6%%%0 I'f in this

exanpl e e ary reactant was
p-tol uenesul f onyl chlorlde, t he reS|due woul d be
As yseddBeiCERAITBORbIe braclisd@dndresasion polamicr inA&iaT" G plymer

that ?ﬁ%&% fdsGoRd ?&f&ﬁ h%% HHEE: ¢ ited Wdle RBhY s

posses a sone resi e ave grea
have delded, ﬁmdingitcb ebr amﬁe[rommmmc melysicr biame ’ﬁntdemk}uet bcanhﬂ hgtht o
blath Bmgln s fayy slnmbanrgl cohsmt OP o g‘? ﬁ%@ltﬁgnal iss cﬁ% oy rr]l*aly %8 Hi i st
largoinolollyr deigittdid oned }ntre!sadd deevenrthdmandb el afifitiohdrgédues.
..Ml ecul ar wei ght an undreds. or eve
rhe fiEt a5t St PG AR uPah g wrkigh e SRS Hagy
brandh §a§in1§§ Ql’ﬂ]l’j}@ﬂl pi\ﬂhﬁlhy amg li]ﬁfanﬂfoaﬁﬁé} @\Qh@ﬁ ccﬁﬁlﬂlﬂf@ﬁl:ﬂbtaiel,
er ossl i nk br anch rimar i al ong
or ‘hﬁleﬁ’é?ynbepaoiley‘ﬁse‘?f b@*}“\%"ﬁ gmé’ E‘Bn?he& %“’§’tgr it Stru?}?‘/“"t here
may be a series of branches on other branches giving a
As vdeiiehidib,i @ “GlsbRBEUMALIX is a matrix that is incapable of forming a one

phase liquid solution with a suitable solvent, without first breaking chemical bonds
within the matrix itself. Insoluble matrices typically result from crosslinking,

crystallinity, or other phenomena.

Condensation polymers typically comprise repeating functional groups, such as esters,
amides, sulfonamides, urethanes, sulfides, sulfones, ethers, or other olefinic groups,
within their polymeric backbone. They are often prepared from reactants that lose
atoms during the formation of the polymer, resulting in a polymer that comprises

residues of the reactanis. For example, a condensation polymer can be formed by
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As used herein, an "insoluble" matrix is a matrix that
is incapable of formng a one phase liquid solution
with a suitable solvent, wi thout first breaking
wah e ealppbonds  within the matrix itself. |psphvRb&osicso
matrices typically result fromcrosslinlcing,
crystallinity, or other phenonena. Condensation
. hol l.ly comr Lse. hep eating functi, naI
S R e e St Ak
polysubtiatiéscongdedshiiahgm]ynsdt duoing she petyhes Sorm@ls c@h&‘tﬁﬁ%aﬁon
_olefinic groups, wthin their polyneric backbone.
leagflﬁgﬁ@rlél‘%fgglﬁt B SH43%d from reactants that |ose
atons during the formation of the polyner, resulting

As iised erpiol ghawsrmt* tmamiﬁaﬁwﬂ; 8 egulaf, @8dgtl 1€ Sndddr rhhiRm,
mer can be

Leactan ’ For \I e, %condensatl on_ pol
a“afle?]i’f%lﬂo‘[b‘if’ )gn%1 AL OpETIAOSRbEEBBTEBAe  eact i ng
arraBg@dnysSaflal O@yles Iﬁﬁﬂylsﬁtﬁv fe@@éﬁr@ﬁ}ﬁttéi\ﬂist Br BaP@oWaiQes
reagtant to provide a onsuI onam de condensati on

pattygp %W“&H’PP Fgettiad WW@F dpplianitrguiediinterrsny haw no

pattb@aqhé Ofdlectied mh$ of AR ndt b RkBuBABLANESe sifdf 2UFERd be
herein, the term"natri x" neans a regular, 1rregu

obtaprdfsm $EMel SRty FE AR ERthe m@tecqﬂ@u ayrrpgenin! meyihew s U c oh
phyhgﬁtcoﬁﬂguﬁan%ﬁ‘ﬁ( Ml B REs ﬁl‘«feaéhgs ﬁetw%fkrs am&%gga tu%r

nol ecules may show repeat | ng
framgajorkssscefioldpyes.tthien dimehsionag oﬂem thws dneqmlahalandnglemcms

of H%@&EELW%_%M&BJ @X 156{ Joﬁgslé f @ﬁﬂggttﬁg P1ef 15@% tlg rrg\é\{éqtltﬁ Bred.

pattern. e€s na
the lonm af & tah &g with aasvamgecl thﬁc]kre:ss fodot abmd nfnrto %@EWO%xﬁiﬁ,y

ghoalLran nt
and ﬂ{?w t"%"é& %Pt‘g%r at O%L 0P i ﬁ? gséln@? ﬁ%’t‘fg { [%%@dlt?‘li%glt’?f&)‘ée
conﬁ)guwtbis\mmk&uhmﬁﬁh esshear rays, franmeworks,
scaffoldings three dinensional nets or three

usec] tn se;tahﬂ!e q‘:cnnpnnerﬁts af 4 febchﬂmtllnm) Wiptiiheaid tiea 953@@&11&)&};1131}{18 ess
10000 and nore
memba%}e éﬁpg% ltgtergﬂ:g [Hat B 1?18&%{%% i:taig%g%ﬁ mep%ta@g.u al
practice, the matrix is grossly configured as an

As ugbd Ireatihi the feith ffeampsheatmbiise useads hekeixiayddieritcessd on

ot Ie;Srggl {3@ {%‘a Srreaqgmar sem perneabl e material which can be
Used 10 Separat égﬁgonents of afeed fluid into a
per neat e that passes through the nenbrane and a

As wset lentiattee ehat’ su’p;;om ejaemllé aheafis mts@ibsneid ubyn whieh the
. the term.co

o R D ST RS s o R Bintnpspcciay

of the micro- and ultrafiltration kind, fabrie, filtration materials as well as others. The

substrate may be porous, microporous or non-poerous.

As used herein, the term “terminally linked” means that the group is covalently
bonded to the polymer matrix at only one point, and the linkage is through a

sulfonamide group.
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at | east one side of a support material. As used
herein, the term "support material" neans any
substrate upon which the matrix can be forned or

vapabledwe! ncl uded are sem perneabl e menbran@gyusaonensicso

especially of the mcro- and ultrafiltration ki nd,

fabric, filtration naterlals as well as others. The

substrate may  be, pQrous, ?ro orPus or .non- po ous As
HAYFS gt

As USAHTE i tRrm t%‘ 1?%?% i adp fedrheesd hat Girades

aryl bRQp OF Pfcrb&ycaval.ently  bonded to the polymer matrix
at only one p0|nt and the linkage is through a

fonantde gr oup. 00 / 22100 PCT/ US2006/ 031680
AS g ey Upry rPlYt%ﬁ%”Pt é‘tﬁdz e G120 CREPRITERoGyEl 1%1%%%1 Idtte

polyeslid @b BRGDRNEI aliBetonk Bk HdESHAR, a\[nyehylgg,ﬁ&l—ﬁ%a@r a
het eroaryl grou As used herein, the term "ar

optigialy b sUoREIGH S £06 00O ARUSBICHE HYEYERLFELY S5} eety% P, or
(,yanBolltaYtPY&tthbfy LiRGpRY REBMaidbs YL Eh @f-d, gﬁﬁﬁ @Q?o@dl’ﬁgx)‘ S

aromatic. An aryl group can optionally be substituted
(Cr-Siodatkonyrentonylytly 1e09$ub<§n¢ytl®<efnml@nﬂn@teﬁ\§hﬁemltay01@ & asitRed

maybe a%%@&&%@%a@&%%%gﬂ@#@hgc Bi DR, €ar boxy,
Cyo):élmyOZI})(éb)hldmyﬁ:arbboﬁyemd (CCGZze@ZIOl)lajdka}n ﬁy bxepin Rt Rl |
t he.. . OF. ..

togeffer 7 TR i AAEH & i GRBL e Fash 0P S oS BB idiomy 1
mor;ﬁlﬁlmo,@ﬂﬂt)c&hdtplqumo(tﬁg \%@f)tﬁbdch)(@péfﬁobmﬂtw,l (,Clafa@)aikoxy, (C1-

1- C2 ka wh t
Coo YRR RETHICY e e 1 r e Rt e bR P
mox@%&ﬁ@hﬂaﬂhﬁb{@hon@i ﬁl@fchﬂb,rvﬁmo cﬁmbm @tllﬂcn 0x0 @:rcg thioxo (=S) or

t IOﬁDr I N0 ring, er
~NRglgy "@2‘6‘%&?%’5&?1 “toéigtcaﬂt??é)j’ 5@ )Siﬁ%% gwyf‘&x% (Cr-
czo)élklélxyéaga@t kamay|- @gs)éutqﬁo@mylc@ﬂaﬂ)t dlaﬁy@@teptau&@mw\dd h one
nore cyano, hal o, r ox nitro,

-S- %laF"S@xy” cxjip $35h R@x%ln@@ee!}demthﬁw@ﬂeec@ﬁ CstlkyINReRb and
c6>anta§§ ggcgmo%aﬁe@_&@ ngéizei,%amf\ (:samg@afeé kol

) al koxy, koxycar onyI
calb@@lwmylat Risndigt Wlmﬂw@p@smgm ip wacly @maat;@a IiRg tsh

aiotrhagc mciud(?phe(l%{ 11&%'& [ M@)@r ?té?oc@@?pﬁaﬂtﬁyl Bgﬁ‘r%ﬁg %‘;féhbiy

tﬁwbﬂﬂmﬁﬁbéyumxynaﬁhanyﬁaﬂéﬂﬁ ( C1- C6) al kanoyl oxy.
Exanpl es of 6-20 carbon nonocyclic, bicyclic, or

As B REENE il el ¥ te?é/ §/1‘:g/‘?:p” £ g V‘ﬂﬁ% BB 155&?@(:1%‘9 iyl S

aromatic I nc ant ocenyl,
polyptcén ang ksfein mprdnsh @rb@st Qg hetnxyolatom . etnoaiwdmmwht hyl

contm‘ra’{ﬂé %Bg f & Gna R q& ﬁ‘e%i‘loc%glegmup can optionally be substituted with one
or more substituents independently selected from cyano, halo, hydroxy, mercapto,
nitro, carboxy, sulfo, (C-Cag)alkyl, (Ci-Coplalkoxy, (Ci-Cop)alkoxycarbonyl, (C-
Cop)alkanoyloxy, or —NR Ry, wherein R, and Ry, may be the same or different and are
chosen from hydrogen (C;-Cyo)alkyl, (C;-Caglalkoxy, (Ci-Copjalkoxycarbonyl, and
(C1-Cyp)alkanoyloxy, or wherein R, and Ry, together with the nitrogen to which they
are attached form a pyrrolidino, piperidino, morpholino, or thiomorpholine ring;
wherein each (C-Cyp)alkyl, (C[-Coglalkoxy, (Cy-Caolalkoxycarbonyl, and (Cy-
Cop)alkanoyloxy is optionally substituted with one or more cyano, halo, hydroxy,

11



As used herein, the term"heteroaryl group” is a 1-20
carbon nonocyclic, bicyclic, or polycyclic ring
systemin which at | east one heteroatom (i.

wiohng@&kn atom) containing ring is aromat bé Uézoe(usmso
heteroaryl group can optionally be substitut eof

one or nore substituents independently sel ect ed from

mel%é:ﬁP nrm(? %%L%Eﬁb}/% OX¥0 (w@lt%@gg;() aﬁ)lgbxl&f{oRb and W emm one or
mm(e@mbﬁm)falamoqa:ag)bmy{q - Hofd O pL i pimeyh @xdbny R hnd

(CgaARR e GO E AU Ky RS - CoOp Ayt Whercin cach
R, i6 G&e@@éxﬂﬂyk@&%gu{ @ Caakal @W&@E&? «C%ﬂ@xycalbon

&g (i% ) al kano oxy, or. wherein togeth
andyif-fr Wiewo é?fﬂl?@Wﬂ%@ﬁ#hﬁ@@omm@hmm%h@@lform a

pol RYEROd g\s\kﬁﬂ@m iR WRRA hene Qnm&gﬂ&r}i % &@{ c%%‘d%)o hol'i no

ring erein each (Cl-C20)al k oxy,
0011(3@111?62@) iapERie mcb@ﬁyylld%rﬂd@m}lfmm)lalek@mmthy is

e T T S

benpgshipiisne bemjofyray, beemibkygle, ouhfol, amkibia¢at®) , t hi oxo (=9)
or -NR, Rb and wherein one or nore carbons of each

IO epo l ) l 1 1%0 .
keSS plabiom b sl igvienapy
mmwsx@ifpnamlde g.t@.ps (-6P:NNRgn ghe\phbzm hackhols. FE@chSly, such

13013)!1‘@159%%?&?%2% )gagg%ﬂ Sﬁ%? GIlo vl ox%c‘cg‘% al kif gm gwocv}ub%wo react

withRxgwp ese soffodyl alidear bon m)nocycl ic, bicyclic,
pol ycyclic ring systemin which at |east one

o} " containing.ring is
Thea%g%g??ﬁc %kflﬁ algah ngQ Q g@ 9191?!1}]1% gE?luUOfll cla??e 81'1 1&9
meagiingpheemeles Oﬁaymozmpohtmg: 301dr(fd1a®mh1@ e hyﬂﬁb@]hlel,lc iL(S(!DI thdol e,

ui.nol i ne, acridine,
musgggndzdg?%mgj%éﬁﬁleea . uﬁhlz@f@?ﬁ?‘im PBbnzi m dazol e, oxazol e,
and thi azoI e. A"primary sul fonam de pol yner" neans a
The Sighvivg ploageX pol havery grompprligi llsgulmbE to Bllowrtheeeagent Ar-

i.n_the ner ckbone.
S0r3 o 0P SR S Ry b’ Ratsd g BSpdRnidibage, 1 by
Suztdﬁﬂd: bwnmggmma OF lqmrefcpmkmiy, sadTUIse Patki 478Gb6. W th one
el R L ook 55 U Sen Bl By 12005,
sulfcdmtee,rpymhﬁdséagﬂ, andRIagseth V1nginb heridmt esnMéxed Mmonopr ot onic

acid (for exanple hydrochloric aci that nust be
e royide a neutral (pH 7) solution. The
P Qa%mem%ﬁm‘ " X can be any group which is suitable

to all ow the reagent Ar-
As discussed above, there is a need for post treatment methods that can be chosen

independent of the film forming reactants and that can be used to Selecti\}ely alter a
thin film. Such post treatments methods would allow a single manufacturing process
to produce multiple products by alteration of the amine functionality present on an

insoluble branched condensation polymer matrix.
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S02-X to react with a primary or secondary amne to

provi de a sul fonam de bond. Suitable |eaving groups

are known, for exanple, see U S. Patent 4,778, 596.

“&xgmp&@ﬁmof suitabl e | eaving groups includeppahR8608 1650

(e.g. fluoro, chloro or brono), sulfonates, pyridine

salts and di nmet hyl am no pyrldlne conpl exes.

st - Tr eat ne erjals, ssed above, there is

The poRcad o ar Hﬁﬁ’gﬁw%%wﬁ‘aﬁlpn AREH B i T ob s MR

insdlisie panden tor@tnshlién fdljriRnRdi feniBae! Ahsndnsid hat can
be used to selectively alter a thin film Such post

braiched eREFISAIGRERORERES MAB T PIEF IS B8 RGP IEY &rered 2381t ur i ng
pluxﬁﬁ@f‘%ﬁ%@l res AuBRRAWER, Bt da il €2 RHPHNGES Y udl her ation of

am ne functionality present on an |nsoluble
tcmﬁ%lhfdﬁ&@d ohelwpdalle bringsH pamdensation padymgmiydx through
t t
i SRTLORFHPO BT LARRORLAS 8 FlE PEZILEERET.
treatngpd thith ia @il ti-f ws@d)rmbdarel Jutfamg Inexgemiomdemﬁtm eMTbIFTEr
link iRt %J RatSBIR Lk 'e?@l su]f?on resuﬁ]ueg from t?e ?ﬂeal}me Ipgy not be
condensaat i on poryier ng Feact
te}.ntimﬂlyduﬁsd asaimﬁna]) hmmqbbw alAlcq*,Qtdmglyam)ohe E;&Sifﬂl&ﬁfbodihﬁht
er. from.sai tant i du nd t are
of Ul gt 9% PR ool o e HEBt R Eied Mok Hagratofed
conmb na:td @n@ﬁtymnmp@ﬂx)éﬁpd’st (ijB:Itﬁlbm zgdmﬁy@alat ars ubtgt@ﬂﬂm@mmﬁed
“bonds. | to be erstood t ccording tg the
In dP(HQ% r?P‘?%{f‘F "fhf?étmeﬂf Péﬁ% HEFRtOR; fets t@ﬂﬂnﬂfv% DiRGFRERS B
mocﬁiﬁM nlﬁﬂlklfl@lbﬁﬂlchl‘:&é’cﬁﬂ&isaﬂﬁl\’p ﬁﬁéi'nﬁatﬂn[hs%@H&re@fnﬁa%ﬁremdues
hat sone of the ar% yl residues

fha‘fd{«edmt f%@mﬁ%‘gimlfeﬁeé% Hother pagyitis sp B@mefﬁérf ﬁhmavqnyow%ﬁ ed
th’maﬁwéﬁgl‘lﬂ Redne el RakeMe m(ﬁﬁﬁ@&gﬁdﬁ% ¥0ndlﬂ§k ai%lﬂ\/\eﬁﬁ&' fic
iment of the invention, |ess than 1 ght
matie iSOt regmanpees igiesi that atp rioh gonsllelividnched
condensation polynmer matrix i s post-treatnent residues
In ohd@HeciBit P imbRToMRahINridd, %ﬂﬂodﬁléﬂﬂﬁﬂ?%@eﬁmﬁ%@ﬂi@f Ic
enbodi ment of the invention, |ess than 5 wei ght
invegEonetbe gcopoEtedipgi bEadsesepis ol {ihe br anched
condensation polynmer matrix i s post-treatnent residues
Postt Nakindhevib@bdst erm nal | y-1i nked. I n another specific
enbodi ment of the invention, less than 1 weight
ent of, the i ed lnsolu e branched
The JcARHuRP TG ﬂdw PT PR ER meditddpsofyblerached
conde@SdtidH @8tyhbAhaidk @ompiisih € ireAtRdlah YnsbluBle@lancht &B@cnsatmn
speci fi c enbodi nent of tThe invention, the modi fi ed
POIYHEE PIal X ROp@FIsRE Eagpntreviducy pRddifingrs RbgRl g ef Pisanser at ed

seconr9 aR@RISeups NEGL asconﬂfouﬁd biBe formula Ar-SO,-X, wherein each X

is a leaving group and each Ar is an aryl group or a heteroaryl group. According to

the methods of the invention, the reactant residues in the starting matrix differ from
Ar-SOy-. Thus, following post-treatment using a method of the invention, the
resulting modified matrix is capped with aryl sulfonyl groups that differ from the
residues within the starting matrix, Accordingly, the methods of the invention allow

for the preparation of novel matrix materials having unique caps that impart specific
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Post - Tr eat nent Met hods The i nvention provides a nethod
for preparing a nodified insoluble branched
condensati on polymer matrix conprising, treating an

wiowelaible branched condensation pol ynmer nap@h&nmwmmﬁm
conprising reactant residues and having a plurality of
primary or secondary am ne groups mrth a conpound of

eavi
pro gehﬁes t(g) [h(, éna%ué hB yAfnodﬁ( m%\l\ﬁg f’(f}}lljca}e[g)&ﬁ’f ﬁ}e C4p LH%%’( %P?ﬁir@g
pLO]gnrlms pai“ th@mi:amnxi tanghettmed ther spedihogspliodtidhhe i nvention, the
reactant residues in the starting matrix differ from

In o’g‘% 51%%%1%6%%2% icgtf 81:3 s%vﬂng%égﬁf %f}n]t,})r& g& tg§§ % ﬁ%%{{fﬁ% hod

memaprHMWﬁhhnmgWMAﬁmlfonyl groups that differ fromthe
residues within the starting mat ri Xx. Accordingly, t he

In a%ﬁ&%ﬂé@@g cntilg})%l 1e11¥ ﬁ% ?fﬂrézr}liuﬂ o¥v (l,lrmnéd(éa%lgxbgmt pgfr‘l?itﬁ o‘gr ? f

in ai&p@ﬂaf@hbll@g.\k@tﬁ@ﬁ]l/ 022100 PCT/ US2006/ 031680
properties to the matrix. By nodifying the conposition

CmﬁﬁcAH?m@ apRi ng groups, the properties of the matrix
d for a specific application. In one

speci fic enbodi nent, the starting matrix can be
It has sesgtisidelwibedn loasbihtipofaelidratmiteenertiivencs rnhreamml@t@ to

el iSPes i fi odi t he
cond B NGB 1 AR RISl BB S BTGB 12
Addritimelrsf, adllﬁuiamﬂi(ie(rﬁargaramttimpaitédly ﬁalarsstaibte pRAEPInaad haes | t

risi.ngl. een fo sulfona de
such co% anesveh%lgrgh{,{aﬁlgpeét?df Pf# ‘Vmif dmccg tqu@%% ions in
mengxdree nan B ghd pHoa@pt iepabii@R Sn cRED fatl shéeh on a

ures. Additionally, sulfonam de nmenbranes
Comﬂﬁgggé% %dly yield stabl e performance under such
condi tions over significant periods of tine.
Menflgaes #onQGhustic Auplican@ni de  nenbranes can be used to
conduct separations on caustic feed streans on a
o) r r anes,.For c Application
o o R S o e R T B R S PSR P e
the 1nmmbmamsederseﬁmd treverinr anne:id(i]ion th h@ pol)eifidrzanieasentieses | bed
f onam de nenbr anes

cese Bl im ISt Pty BB dE ot GRSt enor ancs

sepafation ugethotNoft heineait®hiake also described in United States Patent
Application Number US 2003/121857A1 and United States Patent Application Serial

Number 11/204,425. One particular polysulfonamide membrane that can be used for
fractionating materials in a caustic environment is a Desal KH membrane, which is
marketed by GE Osmonics. The KH membrane functions as a nanofilter in high pH
applications by permeating water and hydroxide salts while retaining dissolved
impurities. This is useful for recovering valuable materials from a caustic stream, by

purifying the caustic for reuse or resale, or both.

In one embodiment , the membrane is a semipermeable membrane in flatsheet form

(c.g. where the membrane is rolled up into a spiral wound module).
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separation nmethods of the invention are al so descri bed
in United States Patent Application Nunber US

2003/ 121857A1 and United States Patent Application
weefohad2ziodunber 11/204, 425. One particular  peros2006/031680
pol ysul f onam de nenbrane that can be used for
fractionating naterials in a caustic environnent is a

ni cs.

I g B b L s W Bl o R Sl ey BB
(forgppinple st OngedhyapePareaNunenal&s,4and hydr oxi de salts
while retaining dissolved inpurities. This is useful

Cak®8 A ggyﬁslng val uable materials froma caustic

““SQTE@ﬁT‘%V“ purifying the caustic for reuse or resale,
or both. In one enbodi nent, the nenbrane is a

In oge pinpedinesbhe methoty ameninbrileatihe atvefittomman peugd inher e

he. r s.rolle p.into. a i ral wound nodul e).
oo 5 B e e b B st 6 PssSatiad.

enbodi nent, the nenbrane is present on the surface of
Ihaﬁﬁhﬁwﬁwhéhwewm¢nbémés@tbnmﬁxanwbémeseemhhmnﬁﬁeSmames

ISV{ %%%%Slygw%gtﬁﬁs Zo 1Hc gg 1)11§ aﬁa&gﬁg?%r{g § bcf cqllﬁ%l%aﬁ\;th i), on

can be used in nanofiltration applications to process
In opg¢ ghbqsiinend) the metheds( amd gne,m‘tlrmlep abtbe aivkmldn)can bousdat her
0 r 0 i.nvention
plOC%EaEﬁQ‘E% gglgflé oli]e C)&r%ét\lé) e?ﬁ;i‘ e(ﬁ%gnél IHH} ggarﬂl ]88?63%5% A[llanma

mangfaoties ﬁlchmglhblm‘rds sl methodssof @I&z 1gv<:nt1bxocfﬁﬂi&0,1@cfﬂ habentrate
met hods and menbr.anes

liqu&] l:ku?rkm )fee%,vtg rlftmovﬁ hgg}ﬁtegné)nhglg%mltné ?1qqul 5%%15@ IR 1mpﬁléiflg|

(e.g.orrgangos) framtlisne ifeared acdRISE feeti No kdhgovBAYBiritRE QSE %‘ﬁgaﬁi&ﬁ)
acture, the menbranes and net hods of the

O N o A SR SR RS Sy AR )

In oﬁeeaﬁbodtr@enlt emmahbdgrma ﬁhcfrib@dﬁbé HARNREhtioh AktPhe ds8@Gitn t O
ties .g. organics) fromline treated

Ca“S&é 8@1%@{;}% waye Iqll&PVF‘]e(r’FéWémﬁtrﬁS Gt} treesketglotalys apd maniings )
\Mm&@@ﬂiM@ﬁher overflow, or to renove inpurities (e.qg.
organ|cs) fromspent liquor feed. |n one enbodi nent,
t hods and, nenbranes of the invention can be used

inof Wnﬁ%ﬂﬁledn@%qﬁ.aﬁﬁ MSEPHECHieheinyeien afn ksrused with

CIP (diiilih bia@S s6laiors RAGIy 88 MRFES! AL WAL AR ficBSt €
I n one enbodi nent, the nethod J

ener ati on.
°0ulﬁéﬁ%?eafﬁlé§lcdr°‘1ltllﬁéleﬁtﬁ grhdaceasectnapeuny sEwasi gdmel a@p
(clean in place) solutions widely used in the food
In oneNGhitBInyenWIR! 18etRots iahd §@hbARes of the invention can be used in the

pulp and paper industry for purification of alkaline bleach solutions, amongst other

streams.

Backings For Caustic Applications

Any suitable backing can be used for the membranes of the invention. Typically, the
backing will comprise a non-woven fabric that has a thickness of about 4 to about 0,
mils and will have similar air permeability and strength characteristics to conventional

composite membrane non-woven backings. The non-woven fabric is typically
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coul d reduce caustic requirenents and decrease the
anount of waste generated. |In one enbodi nent, the

nmet hods and nmenbranes of the invention can be used in
wd@orpulop and paper industry for purificati 806031680
al kal i ne bl each sol utions, anongst other streans.

Backi ngs For Caustic Applications Any suitable backi ng

confBkaBP SRALAE cbOE pIPIRN ARG Pl 0B hONERE Gise

conflifibasi of dtehatentias Ia onbeckaBsisnipthe 8ty atérd] ahewd 6,
il d

pol s Epie s bl Tl P Y sttt o

menbr ane non-woven backi ngs. The non-woven fabric is
CauvstypSepattigns15 WO 2007/ 022100 PCT/ 0S2006/ 031680
conposed of thernoplastic fibers that are inherently
tic .con

The?ltlc%d? aﬁcpmérFﬁalon eo?g 1r(1:\§ % n%xh?au b{:ﬁl&edlbtg é%ﬁhoga%\féy?tﬁpf for
solmheconpmhmﬁu{efm napiy dm)omtmmsmﬁte olpdThE@E adiond For

) hen ulflde PPS eri al Caustl

exaR B PG P2 AR GCiecie TOMEH A sl . Fs VesiEd o

or ag alrgaﬂne mlageial (E(g i 58t hrgmat foRcald IRinat) fn aBiBb Wi on
urities) into retentate or

t
Peptbcgf%gﬁgl ?‘lhé’é]t(g 8n§n£?3’<ﬂ01d) @k%[h?ﬂ & 2-PHEUPRPE pTsineah e

one ammm&mw ifphiBlyial Alno{@ulr waigh®Iral 1P MoupodBlgl. walt,
or an organic materi al (e.g. a small organic

anothaa] e@@gﬁ@entathﬁ Hﬂ;ﬂ{l@f hagrs raeIP R seeigt ofat 1@@@{3@{&@0 armu.
In afdfiRk 8BodiRehtio ShpBnythas a%tﬁ&hfay hﬁt)f ét?feas"il Qb&lh khodee- 9-

a_petrol eum substance)) . one I ment
amuy ﬁ&b@}q‘fhey eibaslimenyleamphtiey hne p givlecolpr weighted st leasb it 200
200@ Wy | anot her enbodi ment the inpurity has a
nnlecular wei ght of at |east about 500 anmu. In
anot her enbodi nent the inpurity has a nol ecul ar wei ght
eqdfic Bmbodiments Beydepustiofpplicatians | n anot her enbodi nent t he
impurity has a nol ecul ar weight of at |east about

In o0Qboamen: GP &&lkbiGH&ENRRGI éﬁ‘%ﬁ&% 1eEQabdeRYSE 1 C

Appllcatlons In one enbo nt the feed solution has a
In é% éh’ ast about 12. _In one enbodi ment the feed
ORESY filéﬂ'?nh ¢ fogd splutien bys apkbaiat lep@pouid4. | n one
enbodi nent the feed solution conprises at |east about
In orleSAbs dichictnthd Jodt exluten compri@i @ tast about 15% sodium hydroxide

by weight.

In one embodiment the feed solution comprises at least about 20% sodium hydroxide

by weight.

In one embodiment the feed solution comprises at least about 25% sodium hydroxide

by weight.

In one embodiment the feed solution comprises at least 2.5 moles of titratable alkali

per liter.
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In one enbodi nent the feed solution conprises at | east
about 20% sodi um hydroxi de by weight. In one
enbodi ment the feed solution conprises at | east about

wWoImseodidm hydroxi de by weight. In one enbgg@,@gg,;,(,&h&o
feed solution conprises at |least 2.5 noles of
titratabl e al kal i per liter. 16 WO 2007/022100

/ 316 I n _one.enbodi t the feed so] ution
In cfl(e-:—g nyééglgr(ﬂ E aotlutlgn GONEY 1Séa§ at as?? 5 lnéqt.k&mf guétrﬂkla el <dl¢e r
pmﬂmmer In one enbodlnent the feed solution conprises
at least 6.25 nDIes of titratable alkali per liter.

r e feed soluti is at . a )
i op 8 sBBR FEMIN FEon T Bt & ' 82 =Pk v
perfine feed solution is at a tenperature of at | east

about 75 C. I n one enbodiment the feed solution is at

0 east about 10 . 1n ane
In Oﬂﬁ%iglg&?r%% eﬁfeeis @%‘% 5 VeGP EEHS r"?%‘ggasbftbo\lte@sop one
inmpurity that is concentrated in the perneate or in
In oppempedisentt dtegfeed solutine isearb ochiyreenitre bhe 1Esedosolswr. on
conprises at | east one | rrpurl ty that is concentrated

In ohBehbGlih &k B the n of
n ohPehhftihéh BB Sontia 418 SIRHIED! o 105 BELIThEET oL
the ]ir)fgeectlon of the |rrpur|ty is at | east about 50%
In opg eyl ingens S fpasipplutipe conaprises atdensodnetimpuitpput sty i s at

cou&e%ﬁ@t%d ﬁltlﬁélx%en?éa{% or Il'x'?rleolla%nﬁ{;ggom ment the rejection of

the inpurity is at l'east about 90% In one enbodi ment

t he 1$f§1’ ection of the inpurity is at |east about 98%
In opgyery g Bgiferdriplutire carentiseairideasiejre dmpurity thatiast  35% of

condelB@atbdRULd fedepf@d | oW ng at | east 48 hours of contact
with the feed solution. In one enbodi nent the nenbrane

rejects at |east 50%of the inpurity follow ng at
In opgSafodupenh g rejecsion ebvhe ABpurity snt idae abewdS%ol ution. I n
one enbodi nent the nenbrane rejects at |east 75% of

In otd@niiodRkint thy réjedibR W e iBpur 1ti/ easleadtBuhiRun§. Of contact
with the feed sol ution.

In one embodiment the rejection of the impurity is at least about 75%.
In one embodiment the rejection of the impurity is at least about 90%.
In one embodiment the rejection of the impurity is at least about 98%.

In one embodiment the membrane rejects at least 35% of the impurity following at

feast 48 hours of contact with the feed solution.

In one embodiment the membrane rejects at least 50% of the impurity following at

least 48 hours of contact with the feed solution.

In one embodiment the membrane rejects at least 75% of the impurity following at

least 48 hours of contact with the feed solution.
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17 WD 2007/022100 PCT/ US2006/ 031680 I n one enbodi nent
the nmenbrane rejects at |east 90% of the inpurity
following at | east 48 hours of contact with the feed
waploutdzone | n one enbodi ment the nenbrane repeetiSaosisso
| east 98% of the inpurity followng at |east 48 hours
of contact with the feed solution. In one enbodi nent

\ ects at St %.0f .the.inpurit

n opOPBRLRNR hELGES Rl pERT) oFBt Beotilfoy Ml nels

least @8 hmnmf cohtactorith thaarfiaedisasmuiﬁn.the menbrane rej ects at
| east 50% of the inpurity foIIovvi ng at |east 5 days

e feed i ment

i ot o FREAASE (' b AR EES BB ILET g TRy RO
leasf 4 Hi@Wufgoz&txothéahdsfeEdstﬂyﬁonof contact with the feed
solution. In one enbodi ment t he merrbrane rejects at

In "L‘Fa@%’ﬁ‘?gcé ‘it\ ﬁfe 1{1{%&} %111 lgfe(l:tts Xt 8?8 %‘%M RF 191[3 PRIt léy @lirlﬂga}

least heayweitmgmewitke jledtsl satutibeast 98% of the i npuri ty
followng at |east 5 days of contact with the feed

In 01?69% Tﬂddﬂﬂem E!%‘?n rﬁb\{&[&ﬁ%&g‘ﬂ ICAS %xl N u@%ﬂ,%zed b t he

non
1ed81F€e¢me9émnalctwehyjme.?d:edtmmabmrent pr ocedure for poI yam de
menbrane Dry flat-sheet conposite pol yam de reverse

' LET . T
In o R I TR LA e 190 MO LR e umlRRy By B o
leastadayp ofircathcomitiothe fted sbmden.at a depth of a 1/4" and

al l owed to soak for 20 m nutes. Al%(vv/vv) sol ution

In 019{0611?'6911@' 1Y élg %%Mb%ﬂg&% %r%a(ég%;;aﬁ El\?w!e: 1 ur“l !%)hyyv ﬁf ne.

leastThdnygwat entapEsitr drdacddolutiom t he face of the menbrane by
sinply draining for a few seconds. The MeCH sol ution

In OIMb%gglgeﬁgtthg gﬁnﬁ 16?19@; ﬁtrf%zlsta QSgh!)tﬂhé 1n%pu\i\’?y8foﬁgxﬁ1r&1§ (ajlt on
leasta daggvelcconacteith the ff@d raolatwn witht he menbr ane for 2

m nutes. The nethanol solution was poured off 18 WD

The %lezt{og%%ﬁ ggn;!z bg gﬂ Waed 9@ b :fc]‘lﬁ)%»gn %Ml?&ﬂn&gqg ERQ%?@E rrb rane

face and e wWere rinse The

Examples
Example 1 Representative post-treatment procedure for polyamide membrane

Dry flat-sheet composite polyamide reverse osmosis membrane (FT30 from FilmTec)
was clipped between two 87x 11" plastic frames. Deionized DI water was poured onto
the face at 2 depth of a 14” and allowed to soak for 20 minutes. A 1% (w/w) solution
of the aryl sulfonyl chloride (see Figure 1) was freshly made in MeOH with 0.2%
(w/w) triethyl amine. The water was removed from the face of the membrane by
simply draining for a few seconds. The MeOH solution containing the aryl sulfonyl
chloride was poured on the face of the membrane to a depth of 1/8” and allowed to be

in contact with the membrane for 2 minutes. The methanol solution was poured off
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menbrane was kept wet until testing. Exanple 2
Represent ati ve post-treatnent procedure for
pol ysul fonam de nenbrane. A hand frane of the base

“ppioyﬁwzfgmnam de _msnbr ane was made as fol | oWgerMsaron6/031680
commercially avail abl e PES diary OF nenbrane was

clipped between two 8"xl |." plastic franes and the
Ss water to renove

] ri nse d wt
and Eﬂéeg?ﬁ %?m{)%%engag% nlgl baﬁl?]sbl‘ EN G }m@% Wif FSCRs FalsEs Thay 204
menfhwing) wqsikper aaiungl tagmgous sol uti on al so containing 2%
TEA and 4% carrphor sulfonic acid and 0.1% (W w) 4-

i [ no ridine dd t he face
Exald O RB e b R PRt B OB Bati on v
mentir@e’. It was allowed to stay in contact for 1 m nute.

The aqueous am ne sol uti on was pour ed off and al | owed

[ a few seconds. . Excess pl of the
A hefnﬂ f%[erﬁsog ltﬁ Ot{as p(wugoz rrggnlaﬁi ‘F?‘Fem g{l{gw& A he
commenhﬂlbrnﬂaﬂzﬂ»}e FPEMd g @I henbemdw angiphacewwkd eko arxi1ai r

knife am ne | _en. nbrane was immediately laid
PlasEy ﬁ‘f‘m na&Hglﬂﬁ)m?ﬁlbla ’g&‘?s\ﬁﬁmmfx%es%wﬁﬁ’ﬂﬁﬂ%?‘@ne
resuluai chehicatsy IThe Gfaled wlaﬁ@ainﬁd 20: BB e} Mgﬁﬁ‘ﬁné P& G
i on whi ch preheated to

been
soluG e b 2 HA TS o e o6 J6HEn b afevet) ace.
(N, Nmmeagmlh@ppmﬁm%ls R td @e f&% e lomh@ @qfn%% taea {gl@ the

m nutes and then drai ned
deP”i* 8%%9@%‘-5)&101‘% lf%f It Wes aowphwdtay lquuacaﬁodtmmst@ Thcft er

aqueBhiPd g Solhifieh WAIRN:4 oﬁl?lﬁé QI'I wedGo bifaB Ry %{\@e%v g%rﬁﬁ ed ina

convecti on oven at a ang e face up m nut es at
Excespeioplepfaf dlie ampinpiplitivg “tcl.'f-’emttenﬁ pEitle furforn dfite: owebraand

by ufi‘lh il Vﬁhcnﬁlel?l& 0 lce ﬁrﬁle% air 1&?%(”%%@ ?1%111f lad’&? {11gﬁﬁt a&%&?f \If]\"g

m nut es as
1111m@¢1@iewamé rﬂat rald ZﬂO}’dr(IWéf\N)ltSMa@ﬂwaq,G gauphalend irioufongs

d
chlor el;gl%g éﬂ% r%c;:s ¥ele1éc1?lc ?Hahééo@gog nghgﬁcﬁpegﬁgmi\w%@go\?@ ?’VES
carefabip pcbuxéhﬂ)om tefcorneBbahe M@fe RefREQI RGBS WwiSRRARS ane

up_and i medi ately the MeOH solution

f
say E5ueP i S G nstie: M gotieiad o e @Rer e
of th@BRinel TighRhboas & | AeH L ERhe b og%ﬁﬁ%hbs{% f%? "[’1'3‘%'6 %vag' The

menbrane was kept wet until test
placerljigy g penvECdhowsn gl 45° \mgle fact ep fdr ﬁgnmaﬂeu&sioﬂ%ﬂf Afmcfrb ranes

R BRS04 RS F I8 1Sin B oy
was whiloor wawmwm Gdr2edninness BRamplel1. dgted reQviRabedadt, 1225
1% (Q?w)q\’la(ﬁlf' aqueous 3701115t10n ]\Ev%s poured on the face of the membrane for 1

minuie and drained. A brief rinse of the membrane surface with about 10 L of

water was performed. The wet membrane was laid face up and immediately the

MeOH solution constituted as Example 1 was poured on. The dwell time and rinsing

were identical to those in Example 1. The membrane was kept wet until testing.

Table 1, in Figure 1 shows salt water testing values for membranes prepared
according to Fxamples 1 and 2 vs. the untreated control membrane for various aryl

sulfonyl chlorides dissolved in MeQH. All data collected at 225 psig, pH 7t0 7.5,
19



WD 2007/ 022100 PCT/ US2006/ 031680 2000 ppm NaCl in DI
water, 75F, 1 gpmcross-flowin cross-flowcells wth
35 cnm2 nenbrane area. Perneability data in units of A
webagokid' 5 cnmatnts). Salt transm ssion dabars¥oosez16s0
Passage) neasured as conductivity of perneate over
feed. Exanple 3 A commercial flat-sheet conposite

e vers nosi s nmenbrane (FT30 from
2008 PPW‘? i BLvEsE S Lo nge. %%é’dﬁﬁ’foés -Hoviicells w1ﬁve3‘i om’
melﬁm@@@ehba) PeiedbilRYald i@ P AVaRe (RENGENGS w fQ
ge was used in the McOH solution. Tne nenbrane

““ﬁﬁ§mP% He (P Passage) msauvedsas sapBichvibr efprinhioNad feajueous

solutions and high salinity 3.5% NaC sinul ated
Exagpiogat er solution. (Table 2) After testing on 0.20%

3 596 and 0.20% NaC aqueous solutions sequentially
Ak Eg%age‘and its ﬁhtreated control were

OIH’P‘&FF‘ FEdCRAPTROS R AP HBIIP Feverie ograests meenirana R0 fiom
Filnifen) WeaQokt-@datdatds &x@nplZ]wahQﬁe g’:@:eptmnrihﬁtggd QWTVQF% DREc

ved and the treated nenbrane an ntreated

b"“%?&???ﬁ@ﬁ\ﬁ@l"’éd? Bt werd BrihoMe0d sehion. Bhe Ne@hrane was then
Lest(ﬁiﬁﬂﬂﬁ Rtena@d b Y20k Ralil; 'ﬁ‘lglacﬁxs %%lum? {s %ﬁ& Hfgﬁ?ahn%p %I 5 ‘%belC]t y

gferatures are given and
snmgﬁ KAVt YRR § 4b&¢rﬂ)aﬁétea®stm§mwe’20%, SEéﬂalaed 2.20%

Nackaglobd SRLTEN, ﬂ%{%ﬁ%ﬂ eﬂ'h@ Chehi®dml APk € 111‘.&310%)8( cgor | nf}%_i\@ la\ll? e

concentrati on eratue Pressure
chloppaedhwhileuge@: Fl’ShGest]ceDs Rith 7@ pid NABCR2Ak 8.8, Bobrat38 O

mini. S 0By 82, 8ot BB s rbh g B ot o

cont@d m:rectbsmdoonaxm bhed B5BXNET ks ERBiia N?@éan@ PNGRY I PlebRifbs
nperature Pressurf order % Aval ue Passage L1

and tfalgaaléjes ags% @nd the units of permeability and salt transmission are as

Table 1.

Table 2

Post-freatment according to Examp!e 3

experiment [NaCl concentration NaCl Temperature | Pressure
order (%) Avalue |Passage (%)| (deg ©) (PSIG)

1 n.2 & 0.27 25 227

2 35 2.5 0.25 24 804

L3 0.2 3.6 02 25 228
LA Chlorinafionin Celle T T T T
5 02 3.3 8.11 R

B 35 2.3 .22 26 796

Control to Example 3

experiment {NaCl concentration NaCl Temperature | Pressure
ordar (%) Avalue Passage (%)  [(deg C} (PSIG)
1 f1.2 11.1 1.41 25 227
2 356 4.7 1.4 24 804
. Chlc:rmazmn m Ceﬂs T " o
5 8.2 71 0,36 2% 1 e
3 35 4.2 1.05 26 796
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10.211.1 1.A1 25 227 3.5 47 1.4 24 804 .-_,. 3 0.
7.8 1.52 26 225 4 Chlormationin Cells 50.2_7.10
25 226 6 3.5 42 26 796 20 WO 2007/022100

W0 1432(096/ 031680 Exanpl e 4 Conmer ci al f|aﬁcﬁﬁgﬁ%wmn6m
conposite pol yam de reverse osnosi s nenbrane
from FilnTec) was post-treated as Exanple 1 Mﬁth the
Ex: qegtlon t hat the nethanol solution also contained
h%ﬂgf w w) ethyl ene glycol dinethyl ether and only
contained 0.1% triethyl am ne. Various aryl sulfonyl
Cmnmm@mlﬂushwenempsmﬂpbh@hﬁ@tm@mdbmﬂﬁﬁ1hﬁh@ﬂ$é@mybﬂom

tested at, standard
F b R T BRE (SHBE Bt Rl b rtonpi
aiso?qonﬁ%d P (g/,/WYEJEylelie gfm GhRESt étha@whd g cHah@ed 6, 1%h0Wn
Testi s sequence nbrane A |

t letl 05 aF‘B‘PF e"f&fﬂ% ?HYE @‘4&&}&% Horiggsprae usemipdixhngd agil gisildenpl 1
chldeXiam 1R rfentthiRk WA téstd Q st@ﬂdaupbﬂacl&ﬁh KO Q&?ﬁl&%n%‘ Eﬁ?()? gﬁ%

ulfonyl 1 chloride 5.6 0.47 , 35-benzene
NaCdl i Bt Wa‘él PH7,828p92.56°H, 1@omt qr@ﬂs fhow) Exchavtd @ sHowminr Exbiced
3 AGF 8.9 2.62 2 Chid rinatm as per L=sanple 3 m
benzene di sulonyl 3 Exame4 chloride 7.8 0.28 p-nitro
ben zones u lion yl 3 chloride 5.5 0.21

2
3G

Table 3
Testing sequence Membrans Aryl sulfonyl chleride | & value | % Pass
r-henzens disulonyl
1 Example 4 chioride 7B .61
p-nitrobenzenesulfonyl
1 chloride 56 0.47
1,3.5-benzene
trisulfonyl chiatide 9.8 0.50
1 Contral to Example 4 untreatad AG-F B89 262
e Chiorination as per Example3
m-benzens disulonyl
3 Example 4 chioride 7.8 0.28
p-nitrobenzenasulfonyl
3 chlaride 54 0.21
1,3 5-benzene
3 trisulfonyl ehloride i0.1 0,32
3 Control to Example 4 untreated AG-F 9.1 0.45
Example 5

A polysulfonamide membrane was made and post-treated as Example 2 except that
m-benzenedisulfonyl chloride was used instead of the aryl monosulfonyl chlorides
listed in Table 1. The membrane was tested with NaCl and Na;SOy in water and data
are shown in Table 4. Also this membrane was tested with 2000 ppm NaCl at
various pH values along side an untreated polysulfonamide control membtane made
as per Example 2. The plot of % rejection for the treated and untreated vs. pH is

shown in below.
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1, 35-benzene 3 trisulfonyl chloride _ 10.1 _ _ 0.32
3 Control to Examle 4. untreated AGF 9.1 0.45
Exanpl e 5 A pol ysul fonam de nenbrane was nade and

wapskréhaat ed as Exanple 2 except that PCT/US2006/031680
m benzenedi sul fonyl chl oride was used i nstead o? t(he
aryl nonosul fonyl chlorides listed in Table 1. The

T JESOr ane was tested with NaC and Na2S04 i n water and
a are shown in Table 4. Also this nenbrane was
tested with 2000 ppm NaCl at various pH val ues al ong

side an untjireated pol ysuBéoaamdaie control nmenbrane
made _as per Exanple 2. The plot of %rejectipn for

the treateq and unvileated vs. pH ¢spas&Bown in| bel ow.
21 WD 2007/i022100 PCT/ US2006/ 031680 Tabl e 4 Best

2000 pprNak’1Val ue % Pagsage 2D00 pprnoNa@ 5.4 0. 85% 900
ppm NaCl 6.0 0.62% 2000 ppm Na2SO4 5.9 0. 18% Nod

9PthpmadeCls [pH 35 @0 25 --[---~ BG2@ Pxanple 5 |
15 --untreated sulfonamde |10 4 56 7 09 10 11 pH-
2008pamN&S6: 5.9 0.18%

NeCl Passoge vs pH
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Example 6

A commercially available polysulfonamide KH membrane (from GE Water & Process
‘Technologies) was treated as the oven dried membrane in Exampie 2. The aryl

sulfony! chlorides used were p-nitrobenzenesulfonyl chloride and p-methoxybenzene-
sulfonyl chloride. The membrane was tested on a high caustic Bayer process liquor in
stirred cells with 600 psig pneumatic pressure at room temperature RT. The resulting

permeate was examined with UV-vis absorbance and decreases in the absorbance
22



A conmrerci al |y avail abl e pol ysul fonanm de KH menbrane
(from GE Water & Process Technol ogies) was treated as
the oven dried nenbrane in Exanple 2. The aryl
veolbdo@amythoochl ori des used were p-nitrobenzenesghfQANhnsisso
chloride and p-net hoxybenzene- sulfonyl chloride. The
menbrane was tested on a high caustic Bayer process

' ' ir. s wmth 60 i neupati c
A3 vl e oS ST Pe B e b deehie PaBtimaiergounas
Thepeatinehlsormscest aainean dididdadl YMead SotBAAOTRRNEC Qo @ oths is

reases in the absorbance 22 WO 2007/ 022100
Shog%§ﬂ8§2006/031680 ABS was interpreted as evidence of
renmoving hum c degradation organi c conpounds. The
rati o of Absorbanceof perneate—di-vi-ded by feed
pl ot t eChuatic Baysr PHs:ev@MBLENGt hs is  shown bel ow
Caustic Bayer Process Liquor 60 50 .: rf m40 -;

\oE atet K Huntr eat ed OR 30 K w

Mep Hax: ] 0 250 350 450(550 wavel ength
Hnmyii arci al |y avail abl ¢
Gf r apg (LA GE™t er & Process
oI e dd 1-n-25% =i um Tydr oxi de by
i jays-« bG8y faUpRNS were cut and
HIFA 1d F@?TW§§%F§WGQUIppedIMAth
cells were charged with 25%

ght in water at

250 350 450 550
wavelength (nm)

Example 7

A commercially available polysulfonamide KH membrane (from GE Water & Process
Technologies) was soaked in 25% sodium hydroxide by weight in water for 4 days
then coupons were cut and placed in steel dead end test cells equipped with magnetic
stirring. The cells were charged with 25% sodium hydroxide by weight in water at
room temperature. The cells were pressurized with nitrogen to various pressures from
100 psig to 650 psig. The ability of the KIH membrane to yield permeate flow as a
function of pressure is shown in the following plot. The Y-intercept value of 0 psi

indicates that no NaOH is rejected.
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roomtenperature. The cells were pressurized with
nitrogen to various pressures from 100 psig to 650
psig. The ability of the KH nenbrane to yield perneate
wo n@sivd  function of pressure is shown i npbR@s2006/031680
following plot. The Y-intercept value of 0 psi

i ndicates that no NaOH is rejected. 23 WO 2007/ 022100
PCT/U52006/,031680....KH Flow vs. Pressure in 25% Na0-|

af t encirayyss Pilssifo indbos Naoly affer4oray%§ak -
30 E25 - --- 15 1105 -
0.0 100020003000400050006000700(
Pr@ssm;e_(_p&hl_mj.,nhwl ) a not at i’ on. of _flux,: T units of

| i dself-s/ Exanpl:eé:8: A conmerel g ‘aval liabl e
Babylsul-fonarm-de K- e ne (fro & Process
@5hrt s in

4:Hy wei ght
0-|ppm of
, : : (qn NTSA"
: he Y eSSk o Ir at 2001
si g W|t itr n stl r|n he rejectron|of the
gr on%tl cnjocr:&onnggﬁd \%gbgo mea l?r eaSGB;g re@(%{’dl ﬁ%ooche W

absor bance of the fé’é?fs‘é"ﬁé?s@er meate sol utions at 287

Vi Wna 7Q0/’\ Thn fl L
IIT1 ||le 7071 I\Ilul—\ oS

L SO0 s '”2‘6‘@ %@‘F@"ﬁd‘%e 57 LMH. (LMH i s anot atl on
of flux, inunits of liters/(n2*hr).) Exanple 9

Example 8

A commercially available polysulfonamide KH membrane (from GE Water & Process
Technologies) was placed in stirred cells as in Example 7. The cells were charged
with 2% by weight NaOH water solution that also contained 100 ppm of 1,3,6-
naphthalene u:isulfbnate, sodinm salt (“NTSA”, MW 434). The cells were pressurized
for 1 hr at 200 psig with nitrogen and stirring. The rejection of the aromatic
compound was measured by recording the UV absorbance of the feed and permeate
solutions at 287 nm. The % rejection of NTSA was 73%. The flux was measured at

200 psig to be 57 LMH. (LM is a notation of flux, in units of liters/(m™*1r).)
Example 9

A sulfonamide membrane was prepared as follows. An interfacially prepared
composite sutfonamide membrane was prepared using a support membrane
-comprising a 4 mil polyphenylenesulfide backing material, with the support
membrane having membrane characteristics of an A value of 40-60, and a molecular
weight cut-off MWCO of about 3,000 Daltons. This support membrane was then
coated with an aqueous solution of tristhylenetetramine and dimethylaminopyridine

and the excess removed by an aitknife. An isoparrafin solution of
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A sul fonam de nmenbrane was prepared as follows. An

interfacially prepared conposite sulfonam de nenbrane

was prepared using a support menbrane conprising a 4

wo toopehywphenyl enesul fi de backing material, weifisidd€isisso

support nmenbrane havi ng nenbrane characteristics of

an A val ue of 40-60, and a nol ecul ar wei ght cut-off

‘ iy Ral.tons, .Thi,s support rane was

o R LR s PR R D iR Yon RO
chagagiedstivy poihstretmiambanehearieh i omehdpybsaurh Befyd intvane arcand

e ess. reppved.by an airlalife. An |soparrafin
sl B ERS STYE AsButt heruedh st Busae
polyesipt rekiepetardriall Tonyhentidnoiiag iewas: ihide8 BRRInk Bgh RMkd

characteristics of

: ced.in ven. The rejection

m 2B e P@ﬁé‘o Wit g nArTEGHeR AR Fatedempved

afteWBtlgfs, BIr ys,ioTidady, 35 Qayshss d:05,0ab baR, ﬁﬁ&fz’f}%ﬁf&%ﬁeét%ly?f
commer ci al nenbrane KH, which uses a polyester

MY LR SRy RREIOr ahe fopR cupRBNPaRtCTkiS therféirred presiurt eolleg

desDEPRNKaRPE 75RaKRLelE Berd 20000 Wl ﬂ&‘hl}”ﬁﬁé sbf&tix\@sh?;r at7

C. A set of four coupons were renove

65 deg .
100@) g sodfum gyipate (Femadlgiich Gnueay €0) B SHayswei gt Naddl s

, L f . ki.n i od,
R SRR bl o ) o, SO FRRE PR €
deg £ prdsalloghied & pavedati h hekefngeltetill wiid sidieg.cEhd Suxwere
o I WM, I e.solutions of . 1 ppm
e T N T R S TS A,
speafeinglet asNE@Eibedvat exanpbd Aivvidothe eldepi@ethhishaeVeyavelength

uni.zed to 600 prig at roomtenperature (20-25
was BSERE "M E 0P ok % BPheCB R P isersreens b g
an avirgge fhlv(iolrf r'mg;-é- THeLNEHux cenghig irﬁﬂae%lie}aenofﬁlag%f@% % L(Jv
gi.ve ow., Percent rejection was neasured wt

4 d MR 7D 0o SEhE B o Blarah D eipe b mronar eage
flux eX¢.6 Pt/ 00) LIAT aitdoe gkig aN@y & BRSdh vanRDf @%é@ml s the

pl ots show, the 7 day soak val ues produced coupons
which had an._average flux of 7.9 (+/-_2.6) LMH at 600

psig and a,%Jr.eiectio 91% (+/- 4% . |The 327

day soak inLd{r{i{eﬁlg}é% ﬂéﬁiﬁcﬁg%gﬁked coupons whi ch had

an average flux of 4.4 (+/- 2.0) LMH at 600 pgsig and
T 389 194 m .soak,

imh

[T A T N > B o <

T T 3 [

7 day l4day 21day 35day 58day 242day 327 day
soak soak soak soak soak soak soak
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8EG6 4 2 0 7 day 14 day 21 day 35 day 58 day 242
day 327 day soak soak soak soak soak soak soak 25 WO
2007/ 0221011 PCT/ US2006/ 031680 Long term soak 0

wo speekion at 256 nm 100 90 80 2 70 60 - pryyu@fvswsisss
- - 40 30 20 - 10 O 7 day 14 day 21 day 35 day 58
day 242 day 327 day soak soak soak soak soak soak

soak—Lah-isa Hg@atL{WL{#*iikw§mLﬂmun%LSWOf

Liters/ (MY ter @m e prepared as in
Exanple 9 &gé t?sted |ﬁ stlrred pre sure cell g (as

thgse wused |n Exanpl e 7) The coupon was pl aced dry
i nt ithe cel e and fhe. cel I was:  chaggediwiTh 300 ni
offﬁ_[ ; sclgtlo .oljt g~ fron a ‘aljum na
gefpné .“”g. sol |ut j:on spent -quor
Bangl e anyt he mali n Tcyi: “flifl tered
o OWEEE d of q |t he
freny '

=

#

7day 14day 21day 35day 58day 242 day 327 day
soak soak soal soak soak soak soak

Lmh is a notation of flux, in units of liters/(mp'*hr).
Example 10

A membrane prepared as in Example 9 was tested in stirred pressure cells (as those
used in Example 7). The coupon was placed dry into the cell, and the cel] was
charged with 300 mL of a précess solution obtained from a Bayer alumina refinery.
The solution was a spent Bayer liquor sample from the main Bayer circuit and was
filtered to remove suspended solids prior to adding to the membrane test cell. The
cell was pressurized to 700 psig with nitrogen at 25 deg C and allowed to permeate 1
hr before data was collected. The flux was measured to be 2.0 LMI at 700 psig. The
permeate and feed were examined with UV-vis spectrometer at 400 nm after diluting
with known quantities of water so that the absorbance was within range of the
detector. The % rejection at 400 nm was determined to by 80%. The permeate and
feed samples were also analyzed with a combustion TOC analyzer after dilutions
(similar to those used in the UV-vis measurements). The TOC % rejection was

determined to be 55%.
Example 11

A membrane prepared as in Example 9 was rolled into a 2 inch (diameter) membrane
element using standard industry procedures for making spiral wound membrane
26 |



cell was pressurized to 700 prig wth nitrogen at 25

deg C and allowed to perneate 1 hr before data was

coll ected. The flux was nmeasured to be 2.0 LM -4 at

wOopsi2ge The perneate and feed were exam g hdoklosicso

UV-vis spectroneter at 400 nmafter diluting wth

known quantities of water so that the absorbance was

[ 0/rejetlon at 400

e i A Bh A e IO e B b Pl e
carngaprihess maksriels pargichamainpmedemiclope paemmﬁat dhoxd 1Jgier

W RRRYEAL, Tt Shufliahbstieo R el vyl Fof hs |
teledmpmenticvied vwene @lﬁecﬁ&?/aacE)&ﬁmalbleenli Lvidh e@iBﬂSbr ane e}éhﬁ@t&ﬁéﬁ‘sd
was r.Q nch gdl anmet er)

plach st PO B A e B A NP AR B GE s
confabrfingTEK0 pEmSPiiual 11%%1&{%&‘@1@&%2@0)%1 20074 22500
CT/ O$2 06/ 031680 elenents. This el enment” had standard
mLEHI GrpYY Ete  Pestscypadyr of enntingas ﬁ‘iéhtlﬂée afluk s
meds S0 &L by BtV 3k $30 fREadd 1Rl d&g@%@%m%{k\é a‘ﬂ@? eﬁ"élﬁﬁ?
wer e gl ued together “with epoxy glue.
Wwerg ﬁ’@é{g%‘?ﬂl by Y ivBepestepseora e S nlees% l@;@‘él@h van tigter mmed
to bk @k®scopi ng devi ces were gl ued on each cylinder end
vvith epoxy. The elenent was placed in a steel housing
was subjected to a 1% NaOH by wei ght wat er
Emg‘@eultl on containing 1000 ppm sodi um humate (Al drich
Chem cal Co) at 150 psig and 3000 nL/mn cross-flow
A mefbfine @Ifﬂtn@ﬁt pEEME sﬂﬁﬂ/a? t@thatclﬁ he fl ux
sured to by -|@§i}‘ﬁi“’1ﬂg%5§#§m§€gﬁ‘zﬁ deg C.
Plep"l*’ﬁr‘é B By e Pl e @@@Hil@b@mﬂ@wp%ﬂw%mh@d Bre UV- vi s

elen®REOLS QBCARY to"ﬁ ay%@&o@é%s ha;LE)? sidilaBlo gt L,0L% 1%319]21‘6 ng m ned

to be 96% rrF raneeemen
The é‘ish‘fVPSa‘iOﬂ@‘t?iqufa hwiéﬁ%mjg endl 25 degiCh gTimfmlawazné 6 IpMHpar ed
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Exaxp;p]@d@ ggd Wp&qﬁg’gnd &i brei 198 2t460 tmatl hel?. o iejectionanplmgeadiled
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re{_ec'tl on was neasured simlar to the met hod descri bed
All puhlicatioamphients,Ond paemaoctowmtchie Debpord@Ubatefd@bcatmeidhe

as th-&g@ iﬁ@vﬁ%iiﬁﬂcd’f@ﬁma@ %§ %f&gnc& The invention has been described
with reference to various specific and preferred embodiments and techniques,
However, it should be understood that many variations and modifications may be

made while remaining within the spirit and scope of the invention.
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simlar to the nethod described in Exanple 10 and

found to be 45% Al publications, patents, and patent

docunents are incorporated by reference herein, as

t hough individually incorporated by reference. The

i nvention has been described wth reference to

various specific and preferred enbodi nents and

techni ques. However, it should be understood that
Werpdiip: vari ati ons and nodifications may be nade while

remai ning within the spirit and scope of the

invention. 27 We claim |. A nmethod conprising
dont AcCinkhgd a;omgﬁbﬁ@raemaam@ra wd@l@cp@lﬂ/gﬁi&linﬁ;(kﬂ aolyslBfonamide
[ d solutlon haV|n pl-1 of at |east

rix WI th
mad et p e Roligos Rang bl el G A0y G 156 Uit e e is

fradtiohQed nﬁlgranﬁélﬁq%at@r&gd iAb% fdRie L ALEn HOBH LLﬂrotnEt%lde matrix
pol ysul fonam de matrix conprises, 1) an

CONKY RS He dinciosdens étanolwdpmnyimﬂtlmwlmet Uﬁ‘pm s)nnrglsmg, reactant

C [t

reslIEATAARY & ERIGHT Ay RS o B Bt PrauBilinsigugs g
are tthatmaikyrlmkt:é roithalidsghiblentadeticd dohgensaial pidgebmancheeough

ifcondgn% Jon pol ymer matrix through sulfonam de
SUNEBHYS® P91 The net hod of claim | wherein the nenbrane

conprises a primary polysul fonam de polyner. 3. The

nmet hod of claiml mhereln the feed solution conprises

at | Estmghgl il elinaf | whereat abe emamkeng  penpriset ex . prifnary

IV hogo0fcCl @i m | wherein the feed sol ution
poﬂ_ Ogﬁéesg% "Fleast one inmpurity that is concentrated

|n the retentate. 5. The method of claim4 wherein the

ane e'e ts east, 50%.of the
Tl LD ghad of Ser! wpSERubSRH Sttt T eales of
uugﬁwaﬁmgnmﬂﬁumThe met hod of claim4 wherein the
menbrane rejects at | east 50% of the inpurity
following at | east 5 days of contact with the feed

80! UficQRethdd ochhfﬁmWE\;vmgin%e féb@'bcg@lﬁ’bf‘r’]%ﬁ!ﬁ@' (% o nﬁ?i onp impurity

impurity I's a hum ¢ substance. od ©

thatlis guneerdiatedtihéheretebip@ne, after soaking in a sol ution
conprising 6.25 nolar titratable alkali at 65C. for 7
days, possesses a flux of at least 3 LM at 400 psi

and ‘demosbi atffesaiat 4| @astin8A%hehineld ffcc®f aS LU of the

n% ? as neasured 28
nnpurlt loltowing at least 48 hours of contact with the feed solution.

6. The method of claim 4 wherein the membrane rejects at least 50% of the

impurity following at least 5 days of contact with the feed solution.
7. The method of claim 4 wherein the impurity is a humic substance.
8. The method of claim | wherein the membrane, after soaking in a solution

comprising 6.25 molar titratable alkali at 65°C. for 7 days, possesses a flux of at least 3

LMH at 400 psi and demonstrates at least 80% rejection of sodium humate as measured
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by UV-Vis spectronetry at 400 nm and wherein the feed
solution conprises a) 6.25 nolar titratable alkali

and b) at least | gramliter of dissolved sodi um

humate. 9. The nmethod of claim|1 wherein the nmenbrane,
after soaking in a solution conprising 6.25 nol ar
titratable alkali at 65C. for 30 days, possesses a

flux of at least 3 LMd at 400 psi and denonstrates at

by ILeadtis govrempiechi 60 of; sw@m&wuhuﬁatkc@soMﬂasumnmnmby)625

400 t he feed
mogg 1¥%§bl§8ﬁ<§ r'ﬁpdrng%é e 39‘i (15 ,g,z}om/ %bf)fa(ﬁsstoav}{\!ﬁ 57 hngé]ugllgtgaﬁs
and b) at least | gramliter of dissolved sodi um

gunaﬁf. 10. Th F thod of , claiml wherein the feed
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LM[ban@@t}?@i sl dcemylsiluﬁds atreaat &{D%St‘gdctloo(m sBaiyer hunpitoge@sasured

met hod of ' . claim erein | feed sol ution

by YR g f0ShBL R pORLT I T palen SRmRisER® 625

mouaammmé QUG tanam) atlidast ThenBlhetiiablvel %dﬁnjn hahetei n
the menbrane is present on the surface of porous
holl ow fibers. 15. The nethod of claim| wherein the
W@”bfﬁﬂﬁ i t i 0 I.hod
ool e SCORROT L HERLORAETREANEn Dt prdOE: TRLE
menbrane. 17. The method of claim| wherein each aryl
rslﬁglsl?l??nuetﬂ% . f‘ah%dﬂ%hgijephjglnge @}%% bagﬂ?ll %ual wound module.
|ndependently sel ected fromcyano, hal o, hydroxy,

rcapto, njitro, carboxy, sulfo, (G -C20)alkyl
ng Cg‘g)igq:tk%q(g}f 912(1@11 0 @%%/amt[m@@%é@m}qycle%ﬂ in a%losed loop Bayer

mo&ég C20) al kanoyl oxy, or --NR R ,, wherein R, and Rh
may be the sane or different and are chosen from
hydrogen (G - C20)al kyl, (G -C20)al koxy, (C 29

%O)f’ﬂe 8@{}89 PQ%TH ] v%p ieﬁagm([:zc%)stohiéron ﬁgta%%élglﬁg Vblilmlc%lﬁtlc

mdmnﬁmﬂamewahmamh@dxmmhnla pyrrolidino, piperidino,
nmor phol i no, or thionorpholino ring; wherein each
(Cl-C20)al kyl, (G -C20)al koxy, (G -
QQO)HJCKQZSMQ@VOWQWE 1 i Ciet 1(931%)11%[4&@“9?1&@{1 bi¥ the sa‘ifacc of

optlonally substituted with one or cyano,

PorQyy Hp by fibgksr capt o, nitro, carboxy, sulfo, oxo (=0,
thioxo (=S) or --NR'R,, and wherein one or nore
carbons of each (G -C2o0)al kyl, (G -C20)al koxy, (G -
R o) 1&e kietlyesiarflotaiyl |, wiganeln (@ m@Riakad i amayd fixytidanembrane.
optionally be replaced with --0--, --S-,

16.  The method of claim | wherein the membrane is a reverse-osmosis membrane.

[7. The method of claim | wherein each aryl residue is an aryl group that is
optionally substituted with one or more substituents independently selected from cyano,
halo, hydroxy, mercapto, nitro, carboxy, sulfo, (Ci-Caalkyl, (C,~Cygatkoxy, (C)-
Caojalkoxycarbonyl, (C,-Capatkanoyloxy, or --NR,R;, wherein R, and R, may be the
same or different and are chosen from hydrogen (C,-Cyplalkyl, (Ci-Cagalkoxy, (C;-
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or --NR --, wherein each R is independently hydrogen,

(G -C20)al kyl, (G -C20)al koxy,

(Gi - C20) al koxycarbonyl, and (Cl-C20)al kanoyl oxy. 18.

The nethod of claim| wherein each aryl residue is a

heteroaryl group that is optionally substituted with

one or nore substituents independently selected from

cyano, hal o, hydroxy, nercapto, nitro, carboxy,
Cmmlr%caip@yl @@) @b)alkeimyimo))alwklowm R¢ @1d R, together with the

Xy.C onyl 29) 2l kanpyl oxy.  or. --NR Rb. X

iy B ST RS eSS S RRBR Wy Rlipe P Orafirne. o

th(mn(&pl@chmsen rfzom htydt:mgerba(:lﬁ G RO)IkY| , (C-Cypdatkoxy, (Ci-
al koxycar bony

Czosag ¥ al koxéﬂsk ?(})%]fdl\ﬂ%ﬁlé)lxéII%OWOHQEMSLFIQ’S[’HU{CSg’@ff‘h@}c or more
cyawb tiald, Iﬂ?dtoﬁy LhQes, RSk, hs%}fo B (abt) aehed EOrdn.aR R,

pyrroI|d|no pi peridi no, morphol i no
andy Ayhsred poist |%oll¥)lmg?ﬂihﬂh%r‘ef @a@adﬁ M)al@o)@l@b)@lkoxy, (Ci-

Cm%%ox%(?%&ly g&r% ((f’ jallgmg%?i ohal | yogﬁ@ y If&fceg W RO sneS—
or 6NRtrar\ehcrcly&lad; Rhad oydepondeiyy hydregeaait,o0 ;) ai kv, 0(,(,1 Cao)aik()xy,

0] thl 0XO0 or --NR'Rh and
(C'ﬁ@F@P%‘/%ﬁ’é’%‘ e %QP%&@ MY 1B eat(:h )(01 C20) al kyl ,
(C1- C20) al koxy, (G C2o0)al koxycar bonyl, and

gCI C20) al kanoyl oxy can optionally be repl aced with
8.0-The metgod of cigim JLwiRerein eagihaiyéirdsidiadha Reterogryl group that is

optloﬂﬂﬁpﬁl%{ﬁﬁtoh)(mm c%%xeggs g{c L ndellﬁ/Fcﬁ‘@){é”H }igﬁgyc’ydno

xycarbonyl, and
hald[ hkeydlmtyhodcmﬁptc,l aitm Icalfdmey e|smlf(t héL aﬁzy]aIMyESdCdk(Qs)atmay (Cy-

Cwﬁ“‘ﬁz%‘:ﬁé@“ﬁ@ Fryqﬁﬂg ey ﬁ‘&eOIr e%?ha‘rlé%%n i @) Rofypy be the

samehdrodiffdent @fid aleBERBeFdns iy (ght% 418, (%OC%Q{I(OI?G(CV
t hod of cI iml wherein the pol onam e matriX

Caojaieok ypaionyl @Pd datedr keyiony e ybwaun Ihotipn®r fosgthen ibnthe
&enl ®a8hich or

mucgﬂpo& hic %n%rdgcﬁg%ch@d %Hlﬁlp%rnépﬁgﬁl{d 8};1 Jall Fﬁ%dmwﬁho“no or

thiotgephotippor tingat evlvlllead:ml s eagir ul t&a(ﬁx]at[qybt i o, Cmﬂkm@ne (C)-

0 wher
(,og)%%oxg Ileqoniyls a%(g Laﬁ%l ﬁBWe ﬁy(f Zlﬁgai YSWP?#@@? %We(}nle‘fﬂ’ maore
cyaid3 hafbhiydrgtyh (ﬂd)t @bio@‘ hdocad Bo v €1 16, l'deb I@@OE @lﬂ'@ﬂﬁ(i@? or ~NRR;
ane is part of a spiral The

wou 24
and EIHSE GRe oPhi 93 CHRRTBIc 150 der nese i dCr-covelie i (0
Cao)Blkek R8N} IORR! @BEXEF)alkanoyloxy can optionally be replaced with Q- --S--,

or --NR.~-, wherein each R, is independently hydrogen, (C,-Cglatkyl, (C,-Cglalkoxy, (C-
Ceralkoxycarbonyl, and (C-Cs)alkanoyloxy.

19. The method of claim 1 wherein the aryl residues that are terminally-linked are

residues of benzenedisulfonyl chloride, naphthalene trisulfonyl chloride, or

benzenetrisutfonyl chloride.
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process. 31

20, The method of claim I wherein the polysutfonamide matrix is layered or coated
by interfacial polymerization on at least one side of a support material to form a

composite membrane,

21, The method of claim 20 wherein the support material is an ultrafiltration

membrane.

22, The method of claim 20 wherein the support material is a porous polyphenylene

sulfide material.

23. The method of claim 22 wherein the composite membrane is part of a spiral

wound module.

24. The method of claim 23 wherein the permeate is recycled in a closed loop Bayer

process.



