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Reverse osmosis (RO), nanofiltration (NF), ultrafiltration (UF), and microfiltration
(MF) are examples of membrane processes. Microfiltration 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:
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so-called nanofiltration membrane, Desal 5 DK, can retain greater than 99% of

magnesium sulfate from water. In this case, because the large majority of the
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 0smosis 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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Current interfacially prepared membranes substantially reach the goals of extreme
thinness and substantial freedom from flaws or imperfections. The closer an RO or
NF membrane comes to these two goals, the better is its flux and rejection values.
These two features of minimal thickness and freedom from flaws, however, are not
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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The Bayer process is used industrially to recover aluminum hydroxide from bauxite.
United States Patent Number 4,786,482 reports the use of porous polysulfone hollow
fibers coated 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 commercially 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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enbodi nent the invention provides a nodified insoluble

branched condensation polynmer matrix that conprises,
In anpfhes gbedishans the iByention de0 déasdanadificd insoluble branched

condensation polymer matrix that comprises, 1) an insoluble branched condensation
polymer matrix, and 2) a plurality of aryl residues of the formula Ar-SO,-, wherein
each Ar is, 1) a 6-20 carbon monocyclic, bicyclic, or polycyclic ring system in which -
at least one ring is aromatic, which ring system is optionally be substituted with one
or more substituents independently selected from cyano, halo, hydroxy, mercapto,
nitro, carboxy, (C;-Cpo)alkyl, (Ci-Cyo)alkoxy, (Ci-Cyp)alkoxycarbonyl, (C;-
Cyo)alkanoyloxy, phenyl, or -NR,Ryp, wherein R, and Ry, may be the same or different
and are chosen from hydrogen (C;-Cyp)alkyl, (C;-Cyg)alkoxy, (Cl-Czo)alkoxycarbonyl,
and (C;-Cyg)alkanoyloxy, or wherein R, and Ry, together with the nitrogen to which
they are attached form a pyrrolidino, piperidino, morpholino, or thiomorpholino ring;

wherein each (C;-Cyg)alkyl, (C;-Cyg)alkoxy, (Ci-Cyp)alkoxycarbonyl, and (Cy-
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branched condensation polymer matrix comprising reactant residues and having a

plurality of primary or secondary amine groups, with a compound of the formula
Ar-SO,.X, wherein each X is a leaving group, each Ar is an aryl group or a heteroaryl
group, and the reactant residues are not Ar-SO,-, to provide the modified insoluble

branched condensation polymer matrix.

In another embodiment the invention provides a method for preparing a modified

insoluble branched condensation polymer matrix comprising treating an insoluble

branched polyamide matrix having a plurality of primary or secondary amine groups
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hydroxy, mercapto, nitro, carboxy, (C;-Cyg)alkyl, (Ci-Cap)alkoxy, (Ci-
Cyo)alkoxycarbonyl, (C;-Cyp)alkanoyloxy, or -NR,Ry, wherein R, and R, may be the
same or different and are chosen from hydrogen (C;-Cag)alkyl, (C;-Cyp)alkoxy, (C;-
Cyp)alkoxycarbonyl, and (Ci-Cyp)alkanoyloxy, or wherein R, and Ry, together with the

nitrogen to which they are attached form a pyrrolidino, piperidino, morpholino, or

thiomorpholino ring; wherein each (Ci-Cyg)alkyl, (Ci-Cao)alkoxy, (Ci-
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~NRgf» anslembepetn-ogp 6y BIoks $arbqusof eoeh) Eheplk yl.¢&:- -Caopalkoxy, (Cr-

c20>éfﬁé’:g>gg§§ﬁg10@{d°@; Y aBoliGhs %%ﬁ Aéamé PEpYeE@ith -O-

-S-, ek, nwhaeln dach Rs is mdqmddgmhyﬁrdsgpdy @ ely)alk BLeG- 1| kI,

C6>a§§%yé§%ﬁhaﬁfﬂ)§we§e9ny (g(%x oo lg g’!ﬂ"@fo‘i‘? RiBYide {he padified

insofgthlé})‘t&!iﬁ&led 96ndéﬁéa¥i%¥%ly9n€r'rﬁlegn§y stemin which at |east

et eroat om ( non- carbon atomnm) containing ring
is aromati c, V\,hl ch ring systemcan optionally_ be
In argmmembude@w\mehnmm@on Profdes asowsixiprepardsaccording to a
me q§ enﬁegtl selected from cyano, hal o, hydroxy,
reapt's; W car boxy, (Cl-C2o0)al kyl,
(C1- C20) al koxy (Cl- C20) al koxycar bonyl ,
Appli€iht G290g1ed Wimrpydtaiy foumd thﬁtlﬁboﬁ%blfomdmﬁde hrenfRaares ¢nBlndimey

prim@b{y]e stl%%(lgg}ra%\ﬂ%m drléatgse A n]%ﬁrqt akcalfn f@; gul? ?o efn acftlgr?atmhgtg cogen

com &l JraNGR rf@&:mffean@ n q’&l%if@ﬁé})lﬁle KRh 8 Yhav@been found
erein R3 and Rb together wth the nitrogen to which

to paskesy aaombatatias betloworeection, wndcﬂausilcrs@bﬂpw pleat imthka ghem a

. r phol i n phol i no.. rei n each
vian SRS AF g fon ot e R i 4 el Y AL B Rafpdigreted by
a Ba@&dalﬁlﬁﬂta%&?v@fﬁﬁﬁ@é/sls OF¥r mnqd@é is@i@damids BRaibkdng esh Wé tided
one or nore cyano, hal o, roxy, nercapto, nitro,
to CQnEPISEALS OTEGMICIPUILES in-try feeg HH@Q@@I{OPS) A ICIIRFALGRIN HFET tO

lowe\(/x@é’ ?Eggsng %E m%(er g? {8%11’1%%@(;) 5@%&[}0/ Elgc?‘ga Sh gl:}e, a(&gér%@ H(&]ganlcs

mcn(e@éte&)%l)@b Kmﬁmgls avcypacticulapy supridihgy fob erirempy aﬂﬁﬂamiiddw

or -NRc-, wherein each Rc ﬁllndegendﬁn X
contﬁwgo@%tﬁbrap@_, ba%up&}t W IeVigys %?SP?W?V& at primary sulfonarmide
protéfslw Sy Bk 'fé?}ﬂlé%% le%ylb ,enal%iuﬁé;& A0 RO S wh@ld lead to

provide the nodified insoluble branched condensation
menghyaneyelling atiddecteascaprioemariebodi nent the i nvention
provi des a matrix prepared according to a nethod of

Accor ?ng!l;rfl,v & }nlvgrﬂion provides a method comprising contacting a membrane

comprising a polysulfonamide matrix with a feed solution having a pH of at least

about 11, so that the feed solution is fractionated 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.



Appl i cant has al so unexpectedly found that
pol ysul f onam de nenbranes (including primry
weubd7onzd de nenbranes) are particul arly usef ubPCTms2006/031680
fractionating the conmponents of caustic feed streans.
Pol ysul f onam de nmenbranes have been found to possess a

f . ecli nd caustic stabilit

DET%MW&&Q& @F’&Fﬁfﬁh%% 1 rE?(BNgI option for Y

fractionating caustic streans such as those generated
Defidddos Bayer al um na recovery process. For exanple

sul fonam de nenbranes can be used to concentrate

organic inpurities in the feed |iquor prior to )
AS useddIcHRIR At SPSIfHe"ds ENePOFPT QAEAGLH (RS FEIHRINGFS PR erd TAITIX
after it gk Q(aﬂarc?etdeagld%ﬁq&&g o# &o E)E&@tﬁqn'iﬁkerem%iopfo Rh&fy CS

incinerated. These findings are particularly
Addisionginiahsgaf bavepeft dariyg sakfian anil dther omsfionmatigns such as a

o [EEREDSS RS0\ AR PLEIRHRLY RSRHTSE gl

residAEHdl 1Ea RN . T PR HnpleaRdl algh lirdnfeEtlofi@RY@bd Wk a6l anfiaé
to menbrane swel 1 ng and decreaSed perfornance.

group\ot @ noitnirg vpyldi fen asuldenangde hinkad atplsresidves o gresidue”

conpri sing.contactin ng G | S -
cons ST PO caf i B s TalRRL 8 B GPURIlr e syt gigrice
moiely? tB nidbgbieAstildaleebt pdi of $i0 rédidie, hdie whas pakt sDthatpramirsos

fractionated into a permeate and into a retentate.
matrBRpeFoTRSERe PN dRindhisTRampledhrey] mlinye chlogfipiRcia yas

) ' . cﬁﬁf’f% | _ ed accordi ng

P ‘01@%15@%1%%%’%%%&? RNu ntr ea? e 30(2‘%?‘%?2 menbr ane for
various aryl sulfonyl chlorides dissolved in

As ubdOkdr &R A TiEDIDESBRIEN|IONNGRsTHED pAVENTHAN XD & polymshs

As used herein, a "residue" is the portion, of a

that s et TR foear GBS £ A R KPS abop R

havel 1864, 86h oGO andhi poifin eQiBhyREedai The rédiguds@dahd it the
prior to reaction. Additional atons may. have |eft

brandlupointy mesalea shor, andsanyistind onkyr hadsigonehidsisye, Qupd besofy
rin peni LY r ' I : .

T R A O (o

The @ alukbania§ also@onescamthenoter Brayth seihf andybrne hlcousslie. The

reacted with an anine group of a matrix woul d.forma
brangly peigisaRrayyall prmady QWB agaip golymey gying g eqryblike structure,

or there may be a series of branches on other branches giving a dendritic structure.

1

As used herein, an “insoluble” matrix 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 reactants. For example, a condensation polymer can be formed by
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consists of the aryl ring, any groups substituted on

the aryl ring, and the sul fur dioxide noiety; the
woizoo7agernowoul d not be part of the residue, asPCI/UsSa®6/031680

part of the precursor matrix, not of the reactant. If

in this exanple the aryl sulfonyl chl ori de reactant

reacligp BobRTRERH AT bl ifd ol SRRl Rl
polybililfvrahtde eaideayasiah polynies) cmmag theapolimeer fosmehgdniémation
that(gosses at | east sone residues that have greater
reactipiy AlGhip last frem thp &sastafSnoner s have added, |eading to a
branch point in the polyner chain. The restdues bound
As ufsed ﬁé}enbﬂ@ra&th ﬂﬁb txs nfEas Q{f‘e}%ﬁi;é? rﬂ;re g HRINGH do%t onl'y
1 addi tional reS| e arge nol ecul ar
arrangeight ofaptdymelnnmlenulhu m:hehht oora mwmnbhouﬂsamaha thé
addi t gﬁg i dues., The r S|du§s may al sQ connect
R ‘%}FC PSR SHOST THPeang PRHFTS < dhE oM ier S A
pattd?h@qhahs it rBFeat il donRin{B8 displayate Rl adtidtebiMmBP shoWeho
giving a conb-1i ke structure, or there may be a series
pattesp. Bhemolreyles gnast oranasyraihe ﬁeesﬂgmk% gOJa ad@&t@l piahjas would be
t [ | a
obtafil e S S R4 L TRA e Al R B cen TR o 3.7
physiedl vbnfiguraidninahisel dtrﬁebisﬁ)ns tky gioke of/\mdthOtkts tkdtes, arrays,

breaki ng chem cal bonds within the matrix itself.
frameyg Suﬁﬂaéfoﬁjd’t‘%ﬁ’ Hage thy}ﬁrleamlyletség thee dingsnsionakentangigmats

of nfb[e)(:ﬁfe@‘l |Th@'xﬁétr1x%a Jﬂ%‘h—s@ﬁ%ﬂ ﬁ?ﬁﬂ ahk ﬁﬁtrlx is in
pol ymers typi cal conprise | ng t1 onal
the fgrowps this fidin waith asa‘mrge thitdmkes frosuilfounémrdtesa,bout 10000 nm,

r et hape | fide l.fone er ther .
and Bjofs PRfecay it et 0D RE rnySia)srsticC e REGHEI sronsy
con L@e@ist@mlﬁﬁﬁﬁﬁﬁﬁﬁjofg}@gﬁ reactants that | ose atons

ur| ng the formation of the polymer, resulting in a

pol ymer that conprijses residues of the reactants. For
As usehigipi, ths tegh qep@hlrang nogIsARemipeeplle mpterad which can be

I
o SRk Roppotohy ot KOG RrEaE Btk hfen e
mend:mmbeamslat re@ntapothptis ne ecr:tert ongtditee hyothy membrarem ng
condensation reaction, HO is lost fromthe reactants.

As sed erein. the term" mat ;i X" mean regul ar,
As U5 DR NE D 5P O PP IR  BRUFoleysiid o cdated on
atleanloﬁ@sltdeefald@ﬂspdrmateﬁﬁt a macronol ecul ar scale the
arrangenents of nolecul es may show repeati ng patterns,

or may show series of )
As used herein, the term “support material” means any substrate upon which the
matrix can be formed or applied. Included are semipermeable membranes especially
of the micro- and ultrafiltration kind, fabric, filtration materials as well as others. The

substrate may be porous, microporous or non-porous.

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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patterns that sonetinmes repeat and sonetines display
irregularities, or may show no pattern. The nol ecul es
woayo7ar2imoay not be cross-linked. On a scal e suedTas2006/031680
woul d be obtained from SEM X-Ray or FTNWVR the
nol ecul ar arrangenent may show a physica
configuration_in three, dimensions like those of
As used gt dhe R 9] Teaidisy 2 Fndetioincd bt diiedues an
arylgtrmpe@rﬁdiilerﬁeﬁj phets or three di mensional

ent'angl enment f nol ecules. The matrix may be non-self
supporting. Preferably, the matrix is in the formof a
As usetiihprefr, lthe taimn fanyh geoup? sngdiden p OrAPecsEb oy Baneayslic. bicyghe 15

about. 10000 n and r.e pref .abqut ut
poly R ing Siohetn kRl e B GuB B &Y il Alard P08
optiofAIRS B&#}h‘b@tﬁuﬁaﬂ vAith e <sr¥bahd5re I’Quﬁdtikﬂﬁn&ﬁn&é}ﬁﬁﬂentb@&elm’fed from

erein, the term"nmenbrane" neans a sem perpneabl e
cyanqrdiaks DNEAORH TRPICRRLP: fﬁﬁoi@éﬁ)xﬁé%@pglaé@)%&ﬁé‘%oglwya
[ int S I i

CrGreffiokichitbey @, LRI Gl Piiny 7 S SR KA And R,
may bythe Remeenbiffenent add ateshdsdndran hydiogen (@ro)adkoytp@ai t e

menbr ane” ans a, matri x layer or ,coat ed, on. | east
CoalBre i oS eaBORt: i Gr an A ERR R Bp SRR RS
to get?ﬁ‘; Wikh SRR denTB B dAthey ARARACHRE Yorgh Q?&fr@ﬁﬁntﬂﬂﬂﬁeﬂ’&’ﬁh& h

a

matrix can be formed or applied. Included are
morphelinger fleembphoting ringeshaseip sa¢halCiyCaorallehe Grilep)alkogid Ci-
[trafiltratio \ndy, fabric. f]. tiQn: -1 S
CoofiphEgbott i CC Frg uah@iAls RS LaM R il

mord ByaA&) MAIK UGk y,NAeCcHb algo, Afboxgedilfocoes (5O, titote=S$) or
"termnally |inked" neans that the group is c%via(l ent&y
—NR JRorfird vhesein Rae pompFgarbans of ?acgt(C@‘HZ%a]%ﬂ (boGaalkghy (C1-
t ' e, I q do-
CangBO A arl S RG34 TEHOAR 2 helsbed RO
-S-, sleNiRye dwheeiieach Rhatindepehdmbély hadrogesl (CgiCaigdkdr (G-

h | in th :
o B 8 0 R, MR e o
cmb&?hﬁﬁaﬁciiG,g%éﬁﬁc,sM%%yhlﬁb MY SRtedds ihAfEh &MEast bkrihSis

aromat I'c. aryl group can optionally be substituted
aromatit incbuvle phenylonaphgubsinileluanibrocenydapentihryl.perdense prgnyl,

tetraé{fﬁ%n%a%ﬁf}@?p%gzg,lygqe}%g?’a%ﬁ%é{l_él&ggg Z?Eggy, nitro, carboxy,
As used herein, the term “heteroaryl group” is a 1-20 carbon monocyclic, bicyclic, or
polycyclic ring system in which at least one heteroatom (i.e. non-carbon atom)
containing ring is aromatic. A heteroaryl group can optionally be substituted with one
or more substituents independently selected from cyano, halo, hydroxy, mercapto,
nitro, carboxy, sulfo, (C;-Cyo)alkyl, (C1-Cyo)alkoxy, (C1-Cyp)alkoxycarbonyl, (Cq-
Cyo)alkanoyloxy, or —-NR Ry, wherein R, and Ry, may be the same or different and are
chosen from hydrogen (C;-Cao)alkyl, (Ci-Cao)alkoxy, (Ci-Cao)alkoxycarbonyl, and
(C1-Cyo)alkanoyloxy, or wherein R, and Ry, together with the nitrogen to which they
are attached form a pyrrolidino, piperidino, morpholino, or thiomorpholino ring;
wherein each (Ci-Cag)alkyl, (C;-Cag)alkoxy, (C1-Cyo)alkoxycarbonyl, and (C;-
Cyo)alkanoyloxy is optionally substituted with one or more cyano, halo, hydroxy,
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(C1- C20) al koxycar bonyl, (Cl-C20)al kanoyl oxy, phenyl,

or -NR aRb, wherein Ra and Rb may be the sane or
wdi2dd7anzod and are chosen from hydrogen (Cl- C2eyaiusyios/031680

(Cl- C20)al koxy, (C1l-C20)al koxycarbonyl, and

(Cl- C20) al kanoyl oxy, or wherein Ra and Rb together

meré’éf?{o i) tn)g c%'lg'e{;g%gﬂo 0 oV(h bS n;hf Xf?)r %gf% ﬁt% %n"‘{l)i}g;ewbsﬁl%%r

i"peri norph

moré tdihonsdfeaéi (C ﬁ@ﬁ}hll{y@ ((I;ZQ)))alld@x ” (Cﬁ@zo)@ﬂ(@)@éaﬂﬁmwl an€l-

anoyl oxy is optlonally

C20) al koxycar bonyl , _and ?ég
(Cr-Gupidkanoylozy omlpatlwwﬁr a@dwah@ vl &, -NReolr Wherein each
f Q9
R RHERRH T e RO R (0D Qe

and (GFEHAapad ykoy, Hx@inpGRami d W botyhor( @anocyclic, bicyclic, or

L N T IR .

contRB1e&ir} i§ afdndRe 1h§ué(1:é;€ﬁl}ﬁﬂ1‘ ciﬁleh_l,néfd?& ;)919@1@ thiophene,
Kox

(C1-Co)al kyl, (Ci1- al koxycar bonyl ,
Pyrnanbne( @111@69191 llnécrfigyusmnsioleﬁmmpl @lsn@fne&saqumalnm acridine,

v TGRSR Lo,

naphthyl i ndol, anthrocenyl, phenanthryl, perylene,

A “ppinien yﬁlfoﬂaﬁhd@ﬁt}lgﬂﬂh@ﬂ’&ﬁéﬁnb W sobié paBP pbl@fm'er caﬁh@rléliig loge er
As used herein, the term "heteroaryl grou is a 1-20
mort, {564

eyRs| (FRO21¥fil9j fhegool mer&@dywei f[pé’P%CP% syGist em
polyh{%rs"‘é}b afddhy 1885h QL@Sy BRSwin g%gr(‘g} ﬁio’&@%ru'ﬁ%:} 4R OLH react
cont al ni ng |ng I's arcomati cC. et eroaryl group
Wlthcmln ooptqrct)mlfdnyl hdidesubsti tuted with one or nore
substituents independently sel ected fronlcyano hal o,

h » b
The (UAIREF i B0E Ml ol's 52 oERYRST b1 Ean 5 b dorerpinenyy
meailﬁihg the b s lof B dydndyiotordE acifl oRQxarﬁg)}@ heidcR3ris A6idRARY

be the sane or difrerent and are chosen from hydrogen
mus eyadded jopneyide ameptra panieelyfion( c1- C20) al koxycar bonyl ,
and (Cl- C20) al kanoyl oxy, or wherein R3 and Rb toget her
The Mehiink BRuD" & QAR
© frro%?dﬁ' 0, %&pefk'|no]Fﬂ%%gﬁy$@%§%q%%ﬂgﬁ?%H%?%ﬁ%?ﬂno
SngX t@g‘eacwrvaﬁ]ea primaiytor (s&@rofd2ny) amhiky b pro¢itie @3a)fahdnnidy bond.

Suitdt egREE P BA G RS (A R Bt dr-SbHER oy oo onal o,
Exarhﬁléﬁ @K%lmreqw%ﬁh%bﬁcluﬁéhE’l@ééhs (84! fi8ero04otoTWbromo),

I 0XO0 S) or wherein one or nore carbons
sulqurateéaahldemsattz @ngdinggthylapiapyridiaxgomplexes.
(Cl1l- C20) al koxycar bonyl, and

Post-Treatment Materials

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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(C1- C20) al kanoyl oxy can optionally be replaced with

-0, -S, or -NR -, wherein each Rc is independently
woydrrageing ( Cl- C6) al kyl , (Cl- C6) al koxy, (G -C PCT/US2006/031680

6) al koxycar bonyl, and (Cl-C6)al kanoyl oxy. Exanpl es of

1- 20 carbon nonocyclic, bicyclic, or polycyclic ring .

t wh I t het t
The A et rtoiy OF e aTens R S ot B hphatioR of paedifisd
inso¥le thihohed BbRRYbatioh l}')b}@lmer R R b8mpfisih@ P A Sasoluble
yrimdine, imdazole, indole, |30|ndole, purine,

branchgdraonierns atld)rspﬁdmmnbmaﬁﬁ@ compristigreactins restduss. ApHEN 8,

R P R PSSk R
termﬁﬁt'l]yllﬁ‘ike@ e |11’$sbﬁﬁ>l@l§lﬁn@fed @Bﬁ@n_si_aﬂ(ﬁmbl&l}l’ﬁld&nghﬁ Wipsugh SO
ypically, SucC

in the polynmer backbone
SUIf(}?@F%)‘%I?@ dar & indadie undersiopdithatiacppiflingg thel inweatiog: Rt or
I
treatﬁ}gfl?‘é’esl. qﬁtﬂé—fﬁﬁ@t{bﬁﬁ e[r?l sufiBiyl r%egt gllgg a%{l 1tTR5Sme alotony

es of titr In a glven
linkiagpuorthatabrealf thd apl mionlacdétarfromée fnst-tessieni mgy ndtebe

mol es. of roto c acid (f | e hydrochl
termfRy ik s e B THGEe L AGYGHEN 1A OBt et
of the hthntiBR - 1estNBan 1(?@81{;119%&5&1@ Bf th& rﬁ&ﬁﬁ&ﬁn@&ﬁbﬁ%’é&hw' ch

is suitable to all e reagent - SO -X to react
condgnsdtion pplynnm myatiox lssmbﬁd@tmntamldeeathatmr@wtdernanally—lmked-

In acfohd: SPETS EmBRNGeps W @l End S oD thel MR B ek DOl e

modHibdtiakdleble Bﬁdsﬁblﬁ&i @heeRatibmpdlyither ﬂ@trﬁ@@ IpSst(t&a@neIft hresdu@s
chl oro or bromp), sulfaonates, yr| di.ne salts,

that gieref Fﬁymmﬁllﬁdlrﬁyé i b methes ppacificeambesiimentot dbg ippion, less
than YB}&! %h@]&c&% ﬁfhg i ARG b}eﬁ‘-%ﬁ@d éo?ld BEH gf)l?fng ost

trea t net t at can osen |n ependen
matrihs ffost-tredtment ragjdussaledt and ot aerchindibtlidad. be used to

selectively alter a thin filnl Such post treatnents

met hods a single, mn uri.n [oces to
In offF e saioe s op s Doy e pdh A B ArBECH e
invehtHE tdrohEihbdrpoRi@Sadtbeads, itets) sofil. € branched

condensati on polymer matri X. The post -treat ment mnet hods

of the invention allow for the preparation of a
PostplygatmeasMethods ubl e br anched condensati on pol ymer

matri x conprising, 1) an insol uble

The invention provides a method for preparing a modified insoluble branched

condensation polymer matrix comprising, treating an insoluble branched condensation
polymer matrix comprising reactant residues and having a plurality of primary or
secondary amine groups, with a compound of the 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-SO,-. 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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branched condensati on pol ymer matri x conpri sing
reactant residues, and 2) a plurality of aryl residues
woOhed7/0d2ber from said reactant residues and tRar/Use®6/031680
term nally-linked to the insol uble branched
condensati on pol ymer rrat ri x through sul fonarri de bonds.
IO e1tle me?t % rst t{llxgt acgo dl n? € S,
Prop nvén?l on, 8 ytrp% e EPROE R ﬁh fcﬁ]?%w BIvaP gl]ili/l
propetilek @f e theig@ah boBined &5 dpetifica@pEcagionass! i nki ng, so
that sonme of the aryl sulfonyl residues fromthe
post-treatnent nmay not be term nally-1inked as defined

In opginsrifigisarhodiment Jhey Ftﬁ’é}n,% mMtHX GAR b H%P‘il withdaesolgi faeilitate
ss than 10 wei ght percent of the
the ﬁifgh%ﬁﬁ%@?ﬁ@%lﬁ?ﬁn&&ﬁr anched condensati on pol ymer
matrix i s post-treatnent residues that are not
In anagherispedifig embodiednt, e sutfondmeideSpraing ireactom o brecurriaf out

. he i nvent l.ess.than 5 wei ght percent of the

ma?‘ﬁi”oalriarcé)g&i(lﬁ%%magslﬂr anched condensati on pol ynmer
matrix i s post-treatnent residues that are not

Causty Applhtiynd | nked. | n anot her specific enbodi nent of

the invention, |less than 1 wei ght percent of t he
nodi fied. i nsol ubl e. branched condensati on ner ..
It haggyiprigingly ?f@gtfoqr}déa%tr?@mwlfwdwm@eahm ability to
I e
condll SepRRbIoNs I el ridh T SpARAALAS, B R R e Atk
Additionelty.i suforamidb encnrbrarey anetpedteidiyt ield etedis, pesfoembsce umder

fil Post ds The inventi Qqvides a
such capBigt Ger BT PREF o SR ee Ae RSN BB B ER e
menSRAELRERbE Q5edR6 lc¥®ict §Bphrativne ONBLsEE REd strEfad bNg an

i nsol ubl e branched condensation pol ymer matriXx
Comﬁmﬁﬁll%ﬂlﬁg reactant residues and having a plurality of

primary or secondary amine groups, W th a conpound of
Meﬁ%és@%#aﬁs%l&%ﬁ%nmer ein each X is a |eaving

u | aryl group or a heteroaryl
group. According to the nmethods of the i nvention, the
In oneergbahmentcithiuimyeitivn the pelysulfdnagideameinkrage i £membome of

the ipkGrRgR s HexAESH B ABRCOEHS L 48 BPLNGOHBHN FEBDRIES |

described BERRG switable #1ydulfondrhidd YileniHr ikl Fot ikatin eHef dafiftid rom
the residues within the starting matrix. Accordi ngly,

sepaggionrpethedsofdhe nentjomase alse desgribedyvin 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

(e.g. where the membrane is rolled up into a spiral wound module).
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for the preparation of novel matrix materials having

uni que caps that inpart specificproperties to the
worbe7ioz210By nodi fyi ng the conposition of the cappiusg06/031680

groups, the properties of the-matrix can be tuned for

a specific application I n one specific enbodinent,

i of BB B A Bt A AR B o o

(for axwtplerses Paded Statsmaoshi Nabdber 4)786,882) onam de form ng
reaction can be carried out in a | ower alcohol (e.g.

net gaq,ol : Caustic Applications It has surprisingly
Cau 15t hat pol ysul f onam de menbr anes have the
ability to conduct separations in extrene high pH
In oPRhbRhER e BU4BGsHnd P GorhRIRE 1AL MY &tionAdd 'bE h@éﬁth Y
sul f onam de nenbranes unexpectedly yield stab
nanqidiratiomrappbeatipns &y progesh highrl solotiensde €, te pepsi aﬂlmlant
periods of tinme. Accordingly, sulfonam de nenbranes

feed
In a@%ﬁkg%ﬁ%ﬂ%ﬁ&g&ﬁl rggtgg&s nﬁ%ggflﬁrtah Nt (B0 in% Bt { Ic%&abgglts?d in

Mer ¢l at VETbr anes
reveSpisinosik iapplscatipnOidepreceshiigh el sobitidnd €e. g N ueddncomirdididkali).
polysulfonanide nenbrane is a nenbrane of the
|nve@%ﬂon descr g her ei n. ddltjon to the
In o pyRadineEHa o o e s of Bhscinbttion;van 8 preddp e
procBR! i@k iR ard A ex IRID! At aifle, HSBe BaytRoLRY &y Aumina
separation nethods of the invention ar also JGSCTI ed

manjifaciurg, theomenbrages auk methodyp] th@ atvcmmon\mmﬂerusustoz@m&mm

liqu % % g }ned lt,'latte OPat C uﬁ)fJ P 2er ) iti

aobliler R, BhehiiSe RhBhE Hror et Bl Jeeil Posieion Smpurities

(e.g. ﬂ‘iigdﬂi@m &rohdlahe €ofed eeedsm&hffe&d {d Reiove Maphiges r(ageéﬂgam@s)
in caustic environment is a Desal KH nenbrane, which

from ‘gaﬁhﬁk ReTEeW 1RF tEEeTaRYRMRSS e fes. RESAHSTH Frames PR EqupbFesd.
In ox?esmﬁ'b(ﬂl?rﬁ tl 4 g?ﬁeth Sr.lsllrlg I?Ilelhlﬂl) Vﬁ[ﬁﬁglolf ﬁ’?et 1&19&&109%88 Bg e%t\kélﬂg

rOXI salt e retainn I SSO
caustm‘pmhlnglbaﬂls vﬂffw«srmﬁ)va}sﬁf ltﬂpquQES cancpuat dttﬁlgraleasl dnd lphifimize
materials froma caustic stream by purifying the
Wam@éﬁ@?@%”*or reuse or resale, or both. hi one
enbodi nent , the nenbrane is a semn perneabl e nenbrane

In onderhibliBBREthe nMHdds and membranes of the invention can be used with
CIP (clean in place) solutions widely used in the food industry where purification

could reduce caustic requirements and decrease the amount of waste generated.

In one embodiment, the methods and membranes 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 6,
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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(e.g. where the nenbrane is rolled up into a spiral

wound nodul e). 1 n one enbodi nent, the nenbrane is
wonewantioon the surface of porous hol | ow fi ber BCTUSL2006/031680

exanpl e, see United States Patent Nunber 4,786, 482).

Caustic Applications In one enbodi nent, the methods

com S PR A0S VGBS G g

condstidnigtolf eHeSin(editign., i ong@sbodinkad, the babking Agidiei for the
enpbodi nent the nethods and menbranes of the invention

polysylfpngmidecognopits wembane ds#pelyebenyiane sakids kBPYgnpiedeles s
hi gh pH solutions (e.g., to concentrate alkali). In

Caufiecpihgdisment, the nethods and menbranes of the
Invenhti on can be used to process mne mneral ore
extracts. For exanple, in the Bayer process for

The pletheids andrenwbeeses oiethe itnentienrbarabressed halfragioneds: Girietyhaf

i.nvention can he used.t.o concentrate |iqpor. burner
solufehiEPitnogepts (e drniREEY PiodReTAE ARG R PO ¢ o
exanfift8ONESinhgiRity tdd BSar BothanRIAABHAIS.of 4 At idHB a @Al ql etc.)

seed wash feed, to renbve inpurities (e.g. organics)

or ar prgpRiGakRaial (R ref sl orgfni¢ golesilsy a hivmaies p1t prENO(asidy a

' f e [ r <. kn '
peptREORROER, S BN CE oty U or W Bl ¢ kDA BIGOERR TRRE Y, 1o
one evhbduimentah¢ tn@trith haga hwldealankeight vEadeat atafut 2OP wmnit es

can speed etch rates and nminim ze masteggsggration. In

anothys cmBRARRFT I MPHHE hasiaBa Ul HehiRtah OO0 amu.

In ardo@¥s BhbOMinfeANHREmPSAE Mk b RIALGI&8R JfAt Rh&GSdut 1000
solutions wdely used in the food i hdustry where

amup I prfotheaeinbadigeant theriogpunty vaugnoleculagueightmd at astrabout

200065 ease t he amount of waste generated. In one
eﬁ%%dinent, t he net hods and nenbranes of the invention
can be used in the pul p and paper industry for

Spedific Efnboditriears Folr Caliktid Apslidatieiach sol uti ons, anongst
ot her streans. Backings For Caustic Applications Any

sui t.ahl e backin an be us or. the nenbranes of the
In Or}erﬁ»%q??i%?ﬂt %%F@ acﬁw?n hse ﬁgeﬁ Ailgashabqut ggrrpr ise a

non-woven fabric that has a thickness of about 4 to

In orBodEnertithStedMoMibd hdyaVsH of Al lbat aBdut 1per neabi ity
and strength characteristics to conventi ona

In one embodiment the feed solution comprises at least 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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conposi te nmenbrane non-woven backi ngs. The non-woven
fabric is typicallyconposed of thernoplastic fibers
woOhed7/0az@0i nherently stable to the strong causPCT/US2006/031680
conditions of the invention. In one enbodi nent, the
backi ng material for the pol ysul fonam de conposite

tn oS Pl T re PR HBUGRL S L el b R B Rt

per litevention can be used to fractionate a variety of
sol ution conponents (e.g. inpurities) into retentate
or perpeate fractions. For exanple, the inpurity can
In onserabpdimeit dhigieed peliden epmprses at lgashéy 2 moler of tirgiahly plkali
per 1%@l.t, etc.) or an organic material (e.g. a smll
organi c nol ecul e, a humate, an am no acid, a peptide,
a protein, alipid (e.g., a fatty acid) or an oil
In offecerghodimen ¢he sed srnBorbistat p ¢ahperhiurcofet dabiodiontertt °G.he
impurity has a nol ecul ar wei ght of at |east about 200

o1 n her di nent .t he i npurd has a -co~ -
tn o R BEa STRAGH FAEh e SsbtealiBoR 7506 her
enbodi ment the inpurity has a nol ecul ar wei ght of at
In onesastiodbenttthel RO selttion Riat amahpaitusdad i sapribothEd0 °C.
impurity has a nol ecul ar wei ght of at |east about 2000

anu. eci fic. Egbadi.nents For ustic, Applications In
In O%Fén@g‘aﬁ?tmeﬁﬁuv%mmw Poratiqee gnafqlt_asfhaafs | east
concBRPMEd hlhe pENRAR RTRAY BRAfatd he feed solution has a pH
of at l|east about 14. In one enbodi nent the feed

solution conprises at |east about 15% sodi um hydroxi de
In ongyenpipadimrent thy feadh golatieibenmptites ahlsast @ael impirity it 1s
' st about 20% sodi um hydr oxi de by
Cmu%@@g%%&ﬁﬁﬁﬁ%ﬁgﬁgnbodinent the feed solution conprises
at | east about 25% sodi um hydroxi de by wei ght. hi one
In orendyaistidiveert thduejdetad ofthle utporityde apleass asowt3seast 2. 5
noles of titratable alkali per liter.ln one enbodi nent

In oﬁqh%%}%ig?ré%gqu%&% 1015;5 ‘ :ilﬁlg}sllji%’tis lercel%gstt agéu(% 58%'. es - of

(D

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

least 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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In one enbodi nent the feed solution conprises at | east
6.25 noles of titratable alkali per liter. In one
wentrdement the feed solution is at a tenperat BCEUSE008H31680
| east about 50 OC. In one enbodi nent the feed sol ution
is at a tenperature of at | east about 75 C. In one
f ed sol era e .of at
In orreeearré 0 é%%r&t rﬁe% 9 )2;%?8@}&%{1 Ut tg%éﬁowmg at
leastI@ Hituk 06T iRt Wﬁﬁ&e&l’éed gdgtiopne inpurity that is
concentrated in the perneate or in the retentate. In

one enbodi nent the feed sol ution co ri ses at | east
In ongranbadgnentithe mgmbrang rejgels ahlerdO8® ofrihe Hapurity dottoytiag af n

least%%o%@ﬁqf {w}tﬂﬁlerfééc?&hnggh of the inpurity is at

| east a 5/o I'n one odi ment the rejection of
the inpurity is at |east about 50% In one enbodi nent
In orterfenbceijiramtitbmmmbtame réjegsiat leysti3§ Zaef the aspurid Geltowibyat

t f th t t
ast TU00 S5 BN o0 e sbEfBoc ment the ropection of

the inpurity is at |east about 98% I n one enbodi nent

In ortehenboRiie@NEe HEnBEins réftots eBlshst 36% 6ffthé Bepurtpdslidwing at
foIIovmn at |l east 48 hours of contact with the feed

leaStsso‘i%)’ﬁPBﬁont?%VGWéh%fﬁ?édPW@ﬁﬂ t he menbrane rejects at
| east 50% of the inpurity follow ng at | east 48 hours

In orféf en%&l‘irﬁ&it (M &mef’ﬁeﬁgtéé’cf SOt 789, oflthe Egﬁuﬁg?ﬁwmg bt

he nenbrane rejects east 75% of urit
leasthGﬂdy@\ﬂfn@ptattWIélethcf%E shlmtios. of contact with the feed
solution.ln one enbodi nent the nmenbrane rejects at

o B0 s PRROHERIERLY e LTS shePihadites

leasttmyﬁeﬂ‘emm withi tﬁéf&dablultleﬁ.St 98% of the inpurity
follow ng at | east 48 hours of contact with the feed

tion. one_enbodi nent the nmenbrane rejects at
In Oqeé‘é’éi"dgé%téﬁe WREDTARE GFIPELy 2k lspst SRraRy the iRy foflagdpe atof
least%%@%?cc‘!ﬂtécﬁ Wilh&ht &RM sSRLiBRI Oon. In one enbodi ment the

nbrane rejects at |east 50% of the inpurity

f ol I owi ng at
The invention will now be illustrated by the following non-limiting Examples.

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 8”x11” plastic frames. Deionized DI water was poured onto
the face at a depth of a %4” 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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| east 5 days of contact with the feed solution. In one

enbodi nent the nenbrane rejects at | east 75% of the
wonparroeepof ol | owi ng at | east 5 days of contact PerUS2M06831680

feed solution. In one enbodi nent the nenbrane rejects

at | east 90%of the inpurity following at | east 5 days

i solution, ILn one enpodipent

and (@ SRt blde WP EEMSR s wih e RESs RARR: (L
membsink ewiis kgpiawet dis tesbnglays of contact with the feed

solution. The invention will now be illustrated by the

fall ow non-1jmting Exanpl es. Exanpl es_ Exanple 1
Exarﬁéﬁ Pes eﬁ?ﬁ??"\%andﬁ PP FRLRFRL proGsAMederpdysubtongdidgani de
memBBABr ane Dry flat-sheet conposite polyam de reverse

osnosi s nenbrane (FT30 from Fil nfec) was cli pped

between two 8"xl 1" plastic frames. Deionized D water
A hapd frapeof dlae base polyhd fdnanddeamembriop s ofada ad Alloarsd A

d 0 f.or mnutes. A 1% (\w sl ut_i,on ,of
comPsPIS b BEs ol P Flba B8 et cloet YoM P S |
plastivefetendsrn¥ekdineibiane 2% Wit MihsedIvwidt EicessaRatBeto rdmevaat er

s _renmoved fromthe face of the nenbrane by sinply

residgﬁé%hﬁlm%@ISf- orhegvten v ascainad off A ey )aipaiesipmaqueous
i 0 ng | | O |
AR By K OB 5B ETL ) 0.

ace rane to
(N, Naditnethythrbinoppyiidine vat addedwd the fateesideottha famiean tRat the

m nut es. The pgethanol _sol ution was poured of fand then
deptt] p B el F ool VERUBRER ST MRt ad damiye b
aqueSISCARSiBe WuBHn whl BoulBIBIfARE aNewek & raitGhbr AFdvh bechREL | NT.

Exanpl e 2 Representative post-treatnent procedure for

Excepoliipplets of iheriminerselvion were metseaidff thersprfade ¢fithe bmgdbrane

1 de.nenbrane .was. e as. follows. A
by Bl The bR o C R L% it e eriene was
immediatplyeaiddel we@ 000 0. & 0169 twRb)ass bhaphdaese aiRdlfbhg
menbrane face with rinsed with excess water to renove
chloridesin d0e0 ety e ilzoparGeolysion whigshagh been prehefted AP was

s B B R ATRI B0 M E" TR G557 RS

stay in contact with the frame for 2 minutes and then drained off with the temperature

of the drained liquid about 45°C. After draining the organic phase, the frame was
placed in a convection oven at a 45° angle face up for 8 minutes at 100°C. After
removing the membrane from the oven and allowing to cool to RT, the membrane
was wet out with DI water for 20 minutes as Example 1. After removing the water, a
1% (w/w) NaOH aqueous solution was poured on the face of the membrane for 1
minute and drained. A brief rinse of the membrane surface with about 10 mL 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 Examples 1 and 2 vs. the untreated control membrane for various aryl

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



(N, N-di net hyl am no) - pyri di ne was added to the face

side of the franme so that the depth of solution was
wahL87/022100 was allowed to stay in contact for RCWUSRI06/031680

The aqueous am ne sol ution was poured off and al |l owed

to drain for a few seconds. Excess droplets of the

m.n l ution tered off the surface of the ,
200G RaET Dt R FEF heharsr SR e dibrel it 15 om
menfbiink@real MRrRBANIRLY REERH JARYBF ARGINNGS0P Hi'ﬁ?aﬁ. alelgyl ai d

flat and 200 mL glf 0. 1(%1%(vv/vv) 1&’3 6- nap ftnh I ene
transppigséey dasm (o Rakdage) measured 20 caddustisity pf parerchieayar fedl.
sol uti on which had been preheated to 900C was
Exar&@ggful l'y poured onto the corner of the frame surface.
e solution was allowed to stay in contact with the
frame for 2 mnutes and then drained off with the

A cotremgreinbflatrsheetf contpesitk polpamlide repetsd oahosis nddmibrafyf (FI130 from
Fil gr‘ﬁi ni n% t he &Lgsg]gi C ]ﬁhase téhe frame was placed in a

il d B\ PesEOSHT e eh A xamie L i the parcption trbs g Wirhpmiso-at
benz&@REfor¥i CRIorii FRY ub& e NROR @i%idd. Ol HEmBMALD wah e

allowing to cool to RT, the nmenbrane was wet out w R

testegpnega istand frdrbrackish Na€lesuem:s Bxlatiphsearttd, high s ity S iNug1

; he, wat er % agueous ti wa ed
simufelE ¥ Pt oSy (el e RS SRt 5 e i P
NaCPaduedb@f sohititse s€fuehfidly B Heaibearebnt 36 mWkiBd ahiarl whee M

of water was perforned. The wet nenbrane was |aid face
chlorifpteshohilgwrnging: ia (e testecNewith 6 Ippm NaOCbatgtH 8.9t €6 Ffor 30

. anpl s. paured, on... The dwel | time and rinsing
minf 2 Fhe SeabcfBa A8 TR R ] ey BT M s AE % s
contrlobptrewedtedion 0120v28id 9% Natllsequkntizily fga0 (Bible DN PhSssures

salt water testing values for nenbranes prepared

and tgMpPSARTERAIE 1VER ARG (hesunits ghpermeghility #nd sakitrapsmisgion are as
Tablie@ntrol menbrane for various aryl sul fonyl chlorides
di ssolved in MeOH. Al data collected at 225 psig, pH
7 to 7.5,2000 ppm NaCl in DI water, 75F, 1 gpm
Table2oss-flow in cross-flow cells with 35 cm nenbrane
area. Perneability data in units of A value (10
‘ a .

Q-

of fomake o) Cal + + Ane at a. (0, Dac
y t si-s§ion-data—{%-Passage) neasured
P‘déi&ééﬂ'nl?:ﬁgac‘e&ld\ng&pf:%rn?ggt e—pver—teed—Efampl e 3 A
| GeNRERMGCI1@bncdnlradtn] STEETT CTRERHOS Tgnﬁaerhlh}-ia I./¢ reverse
oSS S MERDr ane AWE3@adk4g0m) Fi disgifec) Pams | post -t r eat ed
as! Exanpl €221 with §he ed@ept| on2d hat B% (w w)
0 ittt ohomanacil 280l 0.25 24 804
M e it ) -k 0.2 25 228
*4 " Chlorination in Calls e G o
5 0.2 3.3 0.1 25 226
B 35 2.3 0.22 26 796
Control to Example 3
experiment {NaCl concentration NaCl Temperature | Pressure
erdsr (%) Avalue |Passage (%)| (deg C) (PSIG)
1 0.2 1.1 1.41 25 227
2 35 4.7 1.4 24 804
3 0.2 7.8 1.52 26 225
4 Chlotination in Cells
i 0.2 7.1 0.36 25 226
6 3.5 4.2 1.05 25 796
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chl oride was used in the MeOH sol uti on. The nenbrane
was then tested under standard bracki sh NaC aqueous
weabarieows and high salinity 3.5% NaC si nul at edT/US2006/031680
seawat er solution. (Table 2) After testing on 0.20%
3.5% and 0.20% NaCl aqueous sol utions sequentially
Exa%ﬁf enbrane and its untreated control were
ofinated while running in the test cells with 70
ppm NaOCl at pH 8.5, 77F for 30 mi nutes. The NaOC was
cOnrrme@atasndettcbﬁlpbmae@cﬂ?arﬂiae‘@mﬁ@ oaf@sik infertbthiE@80 from
ntrol were tested on 0.20% and 3. 5% NaCl
Fﬂmér@&h‘é?ﬁt Rosi-fryatagas Rxqumip|levip) the prespsion dit firgmethanol solution

|
o S ERLRUN S TER BN SR ! P ESTBRARLY
trietlGd ameues i driduks atyl shifeiyl chivpidss werepeéd meludéng dviad $esulfonyl
rane (FT30 from Fil nlec) was post-treated

chlogjdey é}ﬁﬂeénrgrawst\ﬁer? Festedhat eigndlasd bf%%tshtﬁ%CMI%%d?OOO ppm
% Bl
N R R 2 22Ma ATy dahr i S B el BB fn Tabre
3. Various aryl sulfonyl chlorides were used including di
and trisulfonyl chlorides. The nmenbranes were tested
Tab25 St andard bracki sh RO conditions (2000 ppm NaCl in
water, pH 7, 225 psig, 75F, 1 gpmcross-flow) and

data is shown in Table 3. Table 3 Exanple 5 A
po|y y-fonam-de mde_and post-treated as

[ ! 0
Exarrp?‘c ing seguen IR i f%‘%@,‘;;‘:ﬁ"ﬁ!"a'w FoREHE was

used i nst ead of thgxaaglyj m)nosq ¢chlygrijdes, || sted
in Table 1. The nenbrane V\/aSmtto%ie&@hlfWIt h Na and

Na2SO4-inlwater and data are slibwiee in Tallke 14047 ko
this|menbrane vas tested wi tmsﬁwg,gﬁ m Na@l |at .yaf i ous
pH valuestal ong Ghaes g AL T E@i e Y5 Ulge Ul d'i'ﬁﬁ"e

conttol nenbrane made as per Exanple 2] The [pl ot _pf
% ej ecti-oR for Fhwdnciop gegprErpmplintl_untreated vs. pH i

H Iaal o Takl

shown—i—betow|Table—4 m-benzene disulonyl
3 Example 4 chloride 7.8 0.28

p-nitrebenzenesulfanyl
3 chloride 5.5 0.21

1.3 5-benzene
3 trisulfony| chloride 10.1 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,SO, 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 membrane made
as per Example 2. The plot of % rejection for the treated and untreated vs. pH is

shown in below.
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NaCl Passage vs pH - Exanple 5 - untreated sul fonam de
10 11 pH Exanple 6 A commercially avail able
woabyrgatmonam de KH nenbrane (from GE Water &PPOTAS2006/031680
Technol ogi es) was treated as the oven dried nenbrane
in Exanple 2. The aryl sulfonyl chlorides used were
Tabl hnitrobenzenesulfonyl chloride and
———gfﬂethoxybenzenesulfonyI chl ori de. The nenbrane was
tested on a high caustic Bayer process liquor in

stirred cellls wth 600 psp&tpoagpemti C pressure pt room
tenperaturg RT. The resulting perneate was exan ned

w th UV-vi§ absorRangg and decreasegphdiafe
absor banceABS was interpreted as evidence of refroving

2000554 NEEgr adati on gf gani ¢ colrpounds., ddg rati o pf
A Ry

or bance |of perneate divided by fee lotted at

000 P RECTavEr engt s, ¢ s~ Stow| betow. (ggtstTC Bayer
gﬁ%@gss r?cuor ~-Nosyl treated KH - -KH untreatpgd -

VELT treated K 250356450550 yayetength—( nm
zoo%ggf}rlpj\l?%g%ﬁx cormerg'%l |y avall abl e pdclj gul f onanj de KH

nenbrane—(from-GEYWater—& Process—Technoloegtes) was
soaked in 25% sodi um hydroxi de 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% sodi um hydroxi de by wei ght

in water at room wenpesatpre. The cells were
pr essyrzed—wt-h-—ni-trogen to variogus—pressures from

wl ik

r

no
(=]

——Example 5
—+— untreated sulfonamide

% Salt Passage

=y
v

\ITT
\
10
A\I\!\L o
8 9

Example 6

A commercially available polysulfonamide KH membrane (from GE Water & Process
Technologies) was treated as the oven dried membrane in Example 2. The aryl
sulfonyl 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
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100 psig to 650 psig. The ability of the KH nenbrane

to yield perneate flow as a function of pressure is
wehaowo22m0t he follow ng plot. The Y-intercept varws26/031680

O psi indicates that no NaCH is rejected. KH Fl ow vs.

Pressure in 25% NaOH after 4 day soak 0 O 100.0 200.0

MBS el oF PigCct? mip 0 Rl SRR GO Pt i

The ﬁtloQjﬁmﬁcﬂbahde)bfép\éﬁhéa@@ﬂﬁldéﬁ| %&HM ploadd ss bl RERIARE:S is
m GE Water & Process Technol ogi es) was pl aced in

Sho“@f’t‘?"ﬁ)‘?"éd cells as in Exanple 7. The cells were charged
with 2% by wei ght NaOH water solution that also
i sul fonat e,

sodi u [}j{,? The cells were
pr essure}?'%e%l % essa'ﬁ%é 0 pSI g wth nitfogen and

_of the aromatic conmpound was
e UV absorbance of the feed
287 nm The % ejection of
¥ 00 psig to be
il on| o Nopylieatefl KHuni t s of
9 A—dluhomiedi de |menbrane was
nite¢-fMethoaltkesteddfrgpar ed
gnbrane was prepared using a
ng a 4 m i
g¢king material, with the
' 5 g- menbr ane characteristics of an
A ¥ ue BO 40 ¥0, arf8%a nol ecul ar wei ght ¢cut-of f MACO
of about vBw@&@thldarhit ons. Thi s support menbfane was then
L coated with an aqueous sol ution of
triethyl enetetram ne and di met hyl am nopyri di ne and the
eﬁcgss renoved by an airknife. An isoparrafin solution
Examplednt hal enet ri sul fonyl chloride was then applied and
pl aced in an oven. The rejection characteristics of
A combesciiBR208 e WEBRulF SR hAde RE ﬂ@&ﬂﬁ% L{J{‘é Hf IJ<Q Progess
water dre simflar to the rejectlonc eristics ®
Techeelagies)ob a8 sonteadin 266 de;um\hydlbxmlsé@ v@elgul iy @atee forxbddsis ng

then ([:n%lt 1 Ioglﬁre Ocup and che iR Sfeel Gkad eng rt1est(:: g 1s'e'c}fn%p§f w1tﬁ l%naog?lgtlc

stirrmg. 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 KH 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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in 25% by weight NaOH in water at 65 deg C. A set of

four coupons were renoved after 7 days, 14 days, 21
wdaye/023b0days, 58 days, 242 days, and 327 day®CT/US2006/031680

respectively. After each soaking period, the four

coupons were placed in the stirred pressure cells

described in exanple 7 and the cells were charged with

f r es RH/FIgREs. smbg;u@riﬁ 28b, ﬂaQ@ as&kg@burmt e (from
Al drich Chemcal Co) in y welg t wat er

géutlon The cells were pressurlzed to 600 psig |at
r

rntenperature (20 AR deg Q) -and al Towed’ to,perneate
At: 1 g P,

ilon

th
ues
(+/ -
1%
duced
coupons wuach bad ans@ver age.d | ulz;oa,xf ?egoé(g;/( 7902@ (1:2’/6 LIVH
at 600 psig and a % 1, val ue o o (+ - .
Long term soak, Eﬁ%ﬁ&ES&ﬂ7 day 14 day 2 1 day ES
S0ak Soak soak soak soa
Lmhggﬁﬁégggéﬁgﬁégaﬂgéygéggn %Jectlon at 256 nm 7 day 14
day 2 1 day 35 day 58 day 242 day 327 day soak soak
soak soak soak soak soak Lmh is a notation of flux, in
units of liters/(m*hr). Exanple 10 A nenbrane
Exarfiplegar ed as in Exanple 9 was tested in stirred
pressure cells (as those used in Exanple 7). The

coupon was Iaced d into the cell, and the cell was
A coppRTgaty ard! biscrlysulignarpi dp Kt membsaieyfroanCE Y atenédProcess

TechBBf?)%le@)Bay eﬁl'aj:@& HRkiRgd E&fs a@?ﬁ Exa%ﬁﬁ 75 Ofyftd HQ WS h%réﬁzd

I quor sanpl e el n a er cir
with 2fidbyversight Na©Hedateosolwinmtbatsalisp@neieakdsioi pjﬁn ofr i13r6-t o

t he nbrane,. t est e_cell
napt S B i crern g g Nk Mo Tht ool i presepiged
for 12k hOYEFpdi © WG BGYe ahd 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. (LMH is a notation of flux, in units of liters/(mz*hr).)

Example 9

A sulfonamide membrane was prepared as follows. An interfacially prepared
composite sulfonamide 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 triethylenetetramine and dimethylaminopyridine

and the excess removed by an airknife. An isoparrafin solution of
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hr before data was collected. The flux was neasured to

be 2.0 LMH at 700 psig. The perneate and feed were
woexaminedowi t h UV-vi s spectrometer at 400 nm aPC®MUS2006/031680

diluting with known quantities of water so that the

absorbance was within range of the detector. The

o el ect | 40 de! I ned by 80%._, Th .
oo BT 08 DRI REL R B8 S spon

chars@eriytiss oOihis EmBak wheh tafdden midndtina et ifivaadr atd
. .Ihose used in the UV-vis neasurenments). The TOC
similgy & We reigstionhameteastissd gomenenealgBembraag K, evhidh wses a
e ' I I i
poly R VepEig P C A mEAL R T T AR Rb 25 B R oafea
in 25% Hy steight Na@ie duwetsr &t@iS deglkd.ngh sPof Adur voupvils were removed

raneel enents. This el enent_ had standard
afer A or e, S L EH P AJaianh dnd 8h ARysdespectively.
Aftet S088baltTRS BEHGY, He BREcdupndHER AN %‘Hﬁlsﬂﬂ‘@d E@:‘Qéﬂﬁ& gells
glue. T I nt was

were gl ued together wth epoxy . e ele
desceiberhineed ainplef T ok the aglls werd cBargedivith Sreshlyehade solutions of

e G R R A T
wate Osl6ii6t) TR cHBRSWEH Ri@GIERd @660 pdie befdonbimpeiadht (MR ST
sol ution containing 1000 ppm sodi um humate (Al drich

deg Chand dleweddy permeptspl Pshegorsieptisg o0thmtitving Fheoflex andow
T : i i he fl

rejecBh Falul A8 iR R I e GRS Py e

specifbmpetpeandatsbeind ek ampleSanith @@ execmiopxhatithel Vhyatdéngits

was S5 SR9RPYHcR 0 15 Tk S e o o
an ardel fRlx $07.01AL 21d) AR 600 pekie il B 97 TERBAN IR GRAGEBh-

as 1 n Exanpl e was tested In"the sane apparatus as

4%).EXddapRé day soakhe the koteaustinasodiebi eotpeds thididhadmnprengs s

|} i3 | hat used in a e The t est
fox Gf 84T el Bod B ol 5oisiesTioG g o358 d e
flux was 4.6 LMH at 500 psig. The UV-vis rejection was
measured simfar to the method describedinExanpl e 10
and was foubhdngdeira st#lk, ihh4®@®B00psiThe TOC rej ection
was neasured

7day 14day 21day 35day 58day 242day 327 day
soak soak soak soak soak soak soak
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simlar to the nethod described in Exanple 10 and

found to be 45% Al publications, patents, and patent
wdaeuenios are i ncor porated by reference herei RCTAS2006/031680

t hough individually incorporated by reference. The

i nvention has been described wth reference to various
—speetfic—andpreferred enbodi-nents and-techniques.

However, : many vari ations

and nodi fl'ic%:nilt%nmsgﬂgﬁ (téjé@ﬁ%ﬁ %\?\ESFE%)enal ning wfthin
the splrlt and scope of the |nvent|on mHAT IS CLAIND

| 400 A modi i ed T Isorub bramnct ‘

pof rt;éﬁ Corrprﬂ | q-,Fl) : hed
€oftians ~
FedPdue st hat
&l £9 ar| “

i

d bonds.

ot ; 4 tEred
i nsol ubbl@' br*dmahedmcxlwde&'s@w oﬂ's‘Bqa@I mdayrreszway of
cl ai m %oakher epak t heoainsolsaif e IBoanchedakcondessat | on
polynmer matrix conprising reactant residues is
polysulfonanide 4. The nodified insoluble branched
condensat i ynmer matrix,of claim1 which conprises
Lmhyis agqtafigy 8?6&9‘ énblpgh@ﬂét@rsﬁﬂ V& de matrix, and 2) a
plurality of aryl residues that are term nal | y-1i nked
Exafpletioe i nsol ubl e branched pol yam de matrix through
sul f onam de bonds. 5 The nodified insoluble branched
condensati on polfé matrix of claim 1 which
K

A meshispe seepared ps anExample Joves tbﬁ’cqhmrﬁélaired oressurs aellofas those
I t u dues of
used BATDIH gt cofiih vods Mok Gidd theop Sl nf £31 RUES 0

charge ity BO@fIﬂ_Ltlif @prodesh ebl&ﬁ@abwam@d @ﬂcbih a Bayéffamrmﬁd irdfirRely.
The é&iﬁ?(lyﬁj gflase a Epre%p ]%2}?6(:1]‘ lﬁlggrd searr]r?pallé Ifrgrql e marl.rae]r?' a;g% t01r1r|cli(1t grid 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 LMH 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
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wherei n the insoluble branched condensation pol yner
matrix is a polyamde. 7. The nodified insol uble
wonrerohzo condensat i on pol yner matri x of cl ai mPET/US2006/031680
wherei n the insoluble branched condensation pol yner
natrlx is a polysul fonam de. 8. The nodified insoluble
n L% of ¢
clenlh@TREIGARR AT Roh 84 BOIH TR Ao ter st fPheneg

camex;st(slmeahht;tnslubaid thel irethbrbrider@BRpO padkeisBy bl BRiet koM s
|ndependently selected from %ano hal o, hydroxy,
with cpephgiie Th ¢ Fléle%tawwa@unf erglasy amhyyialery steel anti-

teles@nﬁ% Aoyl ox glu(a(g)n €29 @&iﬁa&y&ﬂr\ﬁﬁpgﬂm%q‘he ellstment was

or - wher el
placebﬂeintars@et bomsingr andi vf/afsesubﬂ:tted nolad WeNa@Hslgnwélgbmwktydsm@m

cont e 1830 Bor el {4 et CREMSISH 2l sisbHer

mL/rt BodstBovnkdté. OQETRr Eé’véﬁ'ﬂa‘}b of aaYindb R @h igehedalown a

pyrrolidino, IT_[plperldlno r phol i no, or thionorpholino
measufedgo budrlaVH 25480 psigrnd24)lsk I | The(ietmeité @ad fe@Xgamples

S e LTS g T

tobdﬂ&%oxy, mercapto, nitro, carboxy, sulfo, oxo (=0,
thioxo (=S) or -NR aRb and wherein one or nore carbons
ch (CrC 20)al kyl, (C1-C (Cal kOxy, (C
Exmnﬂﬁggalkoxycarbonyl and ( Cl- C20) aUcanoyl oxy can
optionally be replaced with -0, -S-, or -NRC,

A mSagE HleRBf sbsiideRAnsentd
nﬁ C6) a ﬁyl,q%gﬁw Sl)a | koxy, (CfﬁggMgikox d%%%%ﬁye and

prepgrest a@neﬁ:@lrrm%wa@ qutedgn ﬂmmmmxpanaw a Fgaiplel 1. The

cten OGRS RS SR SO LT o0

The aprtwasrmhﬂuumulm Wt SO péig BndPB &Y CNUINE ﬂasa b@ts |4t61EM}§ at
i ndepe ndently sel ect ed ron1cyano hal o,

500 Prig B B V-vis faigstion ayas angasured singias )t%l )methoal descrl ed in
Exarfclé%'l d Fak ﬁ?(%(ﬁd té b 7%%)( grgg QY CRHORH e eétﬁ% wgs measu%zd

) al kanoy wher el n
ﬁnnmnwnhanﬁmmdddu&medanExanﬂkaﬂemdmm&mnome@ﬁ%hydrogen
(G -C 20)al kyl, (C1-C20)al koxy,

C mm Cl- C20) al kanoyl oxy, or .
AR AT AR e HrER By ErerbesRER
as thblyin@ivRlually arbesdrdted BY fefBiehé! THH 1ﬁ@ent1@h B&S b&nMRscribed
mor phol i no, or thionorpholino rin wher ei n each

with (@w@%tpmamws specificepd pairosd empaiments pad keskyigaesoony | |
How@’ﬂa‘l it §ksuld be understood that many variations and modifications may be

made while remaining within the spirit and scope of the invention.
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C20) al kanoyl oxy is optionally substituted with one or
nore cyano, hal o, hydroxy, nercapto, nitro, carboxy,
weubdm221080 (=0), thioxo (=S) or -NR Rb and WheCEiUS206831680
or nore carbons of each (G -C 20)al kyl,
(C1- C20) al koxy, (C1-C20)al koxycarbonyl, and
o) oyl oxy can optionally be repl aced with
mg%saw% -NR -, wherein each Rc is independently
hydrogen, (Q Cralkyl, (G -C 6)al koxy, (C-C
1. 6)al Ihoehﬁeamsolm}ola bramﬂhe(i &ndﬁ)&aﬁidn@ﬂﬂ)ﬂhﬁ&ﬂatni@omﬁhﬁng, 1)
Iled i n | e branched condensat.i.on
an lq%aﬂa ebrgche 5@ HCES259E DB YARSE ZRHI TR CHIOPFIEEE a%tapgrealdues and
2) a PREARPBE Mjryl RERHR &Q@alffmereﬁtsamaétxnég%IeF GHd Bt
ne or e substituents i1 ndependently selecte rom
termpadpdinkbdtaothe insdhuble/hranehed apndensatidnr ] ymarhaixy threugh o,
1 Cl-.(%g%nal kyl, (Cl-C2(Qal kOXy, (Ci1-C20)al koxycarbonyl,
su 02“&51-1 Pkanoyl oxy, or -NR aRb, wherein Ra and Rbrmay
be the sane or different and are chosen from hydrogen
2. (QTRE alodifled ifidolutle blabbiddOndéristi S H0l R KORMERT ST, 1
and_ (Cl-C20)al kanayl oxy, or wherein and Rb together
wheigin the inpelubile bragehed condgmsation npdymen atgix cABIRESINE seasiaat
I pi peri di no, norpholino, or thionorpholino
remd@l}%]%% W#‘gﬁ% each (Cl-C2o)al kyl, (G -C 20)al koxy,
(Cl- C20) al koxycarbonyl, and (Cl- C20)al kanoyl oxy is
3. o pﬁ“h@nm)kiif;cdsinﬂmdubw bltaadladi dohdemsetiar pcriymner oy@ixaf chediind,

d 0X rca car sul fo, axo 0,
whei B2 topFE AR et It comorsPe S Bhns
residabs Bagblystlfokaiial kyI (Cl C20) al koxy,

(C1- C20) al koxycar bonyl and (Cl- C20) al kanoyl oxy can

opti onalltfy he repl aced with -O, -S-, or -NR G,
4. whEhemedidisdinyobubl %bﬁaﬁ@i@éé@aémsm}ommgrematnx of claim 1

whlcﬁgém%@sjéyaln'l anoy g%(agtlﬁ%?bl)ﬁa%&&e E%}rﬁl lé]g&%ﬁgéﬁ?%?%()f aryl
residoesthathad tezmm«hélryslaﬂded 10 theligsudublerbtanchedqgiol yinddénnhirix

| residue is a heteroaryl group that
thrm\f/@ SHEJPWHH PPPi&ubstituted with one or nore

substi t uent s [ ndependent ly selected fromcyano, halo,

5. hY¢h@ﬁ%dlff&r1§@)Mth biRhEH, cofdéRANoh %&%ﬁeﬁag&&l d6¥aim 1

Cl1- C20) al kox ( C 20) al koxycar
whictzoyarRbmd) oieoltile bragaaRbconkrern pp%nm ehaR. 8 e

plur%lg_ grgf ae?l&h)}?ﬁ’ éfzt% Fc%&l?%nﬁ% Ebe %Vh%lse“:f eac AP Yn% %%ently an

aryl g6hp G2 @ halekaxylgasupony! , and

6. The modified insoluble branched condensation polymer matrix of claim 5

wherein the insoluble branched condensation polymer matrix is a polyamide.

7. The modified insoluble branched condensation polymer matrix of claim 5

wherein the insoluble branched condensation polymer matrix is a polysulfonamide.

8. The modified insoluble branched condensation polymer matrix of claim 1
. 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,
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(G -C 20)al kanoyl oxy, or wherein Ra and Rb together

wWth the nitrogen to which they are attached forma
wQRor7ek21@d no, pi peridi no, norpholino, or thi omeCcphskiono31680

ring; wherein each (Cl-C2o0)al kyl, (C1-C20)al koxy,

(C1- C20)a|koxycarbony| and (Cl- C2o)al kanoyl oxy is

cao B LB P ko oot B o 12

Cao)ARAR¥ToX=8) —OR R, Nwhal@uﬁmadaﬁm{zbrlﬁa OIRE sPhe BPABfeFRE RAD S
2 of ngygchsf G- c20)alkyl (Cl- T o e GPAfe ©

choselcﬁ_m@z*a)dmg@@(% bakyl, (Caﬁ@b)?\ﬂ@X% @oﬂ;w)adhwwamweamﬂ
(CI-% a!llgarlll@greag Q{rl?&élﬁ%e% gbéﬁﬁer wﬁrﬁ e Q) 'Erogé\l R& wl&ch they

C 1S i1 rogen,;

are a&)tdield)fbl;m é@#rr@ﬁdlﬁbkpjpﬂldlﬁ@ln@@])(ﬂldoo &Iymﬁfrﬁl&phéhnoaﬁ%
(C1- C6) al kanoyl ox The nodified insol uble
WhEISTRAh GG E oM He B 16 BT - st FFOR YSADERE] FAEH(C
|
CooRBS L IO Sp R} SbsBlkq hRRoE BEmbRyaft alo, hadrons.
meraap@noitroh edrboxh pulf@oxp (#0),chioko (=$)i drOR Ry, and wherein one or

ok ASERTE . A R omEt e (SR el 8

(Cy- @Qaﬁdll@inﬁ my@aﬁi ARy b@?epﬂéfb%d%ﬁﬂi&(ﬁr -sdi dif- RNt wRGEinagh
chosen rom hydr ogen” and )al kyl . 13. Thé nodified

Rc lsnh@etﬂea@ﬂnélymydmgﬁ@d%&mé a&qldin)epibwy}né@ -fFeakkoxyestbonyl,

c n the aryl residues that are
muif%?%ﬂﬂ lﬁgﬁfSLked are residues of benzenedi sul f onyl
chl ori de, naphthal ene trisulfonyl chloride, or
9. beﬁhenmﬂtflesluhﬁcﬂmﬂdb brahthedi dd»ﬁderﬂsdtlonTﬂS‘cﬂylﬁ&dlinﬁﬂrﬁbe claim 1
I NSO nched condensati on pol mat rj x,_ of
WhergiTogah U0 BIoe ] ROP B & SR BRENE TS UTASHE pasor

mordb¥iFRENtE R dehénde 5él§dt&gfr61%%‘§lﬁl§dﬂhafoeﬁyd}5>@ys théca to mtro
deri vabl e from sul monomer s havi ng at” | eas

carbeyh, {entbo) gk Puffsi- @mlﬁllmﬂyn@lr@m)aﬂiwwcajbOWh @oners haV| ng

Coo)Bapofir s RiRe b 8 v ind S SRR REEE pER TRt pfare
chosaraflbm;@fogdnqcm@)alk@ ((T{nezmmziy €0 Cm@k&@b&bbﬁﬂnﬁhﬁd

condensati on polymer matri X claim1l whereint

(Cl-%q?saék%lv]@xrzsﬂm@l%@n Lot Rs H%gie‘élﬁf péh feewitrageny toxwhich they
arc aﬁ%ﬂ%ﬁ ﬁ(‘jlﬁg tplé&ﬁiﬂ%" ?1'?‘0 OI%B‘: 81:1@%91'10%[)1?&1110 rin
I nter aCI a yneri zat on rane- conpri

wherehecaeh ¢Cf- C@dalkﬂsﬁtluﬁioﬁlhn@n@leﬁzom@ﬂﬁhﬁm}@mnd (Ci-
Cao)alkanoyloxy is optionally substituted with one or more cyano, halo, hydroxy,
mercapto, nitro, carboxy, sulfo, oxo (=0), thioxo (=S) or -NR,R;, and wherein one or
more carbons of each (C;-Cyg)alkyl, (C;-Cyo)alkoxy, (Ci-Cag)alkoxycarbonyl, and
(Ci-Cyp)alkanoyloxy can optionally be replaced with -O-, -S-, or -NR¢-, wherein each
R. is independently hydrogen, (C;-Ce)alkyl, (C-Ce)alkoxy, (C;-Cs)alkoxycarbonyl,
and (C;-Cg)alkanoyloxy.

10.  The modified insoluble branched condensation polymer matrix of claim 1
wherein each aryl residue is a heteroaryl group that is optionally substituted with one
or more substituents independently selected from cyano, halo, hydroxy, mercapto,
nitro, carboxy, sulfo, (C;-Cyp)alkyl, (C1-Cyg)alkoxy, (Ci-Cap)alkoxycarbonyl, (C;-
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polymer matrix of claim 12. 18. The nenbrane of claim

17 which is a conposite nenbrane. 19. The conposite
worodrroazieo of cl ai m 18 which is an RO or an NF Pemusa006/031680

20. The nodified insoluble branched condensati on

polyner matrix of claiml wherein each aryl residue is
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morg garbmstétqadn (CblngoDﬁékylnﬁﬁh me)aﬂ@Xy ACrdizhetkokgearprrybaning

d_insal n t| 0 ol
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R. 1mhy@ﬁd@lﬁlyrre§dmge11h@ylL®¢ga1aylpt(ulpeg)awxy;f(cm6mmxyembonyl

secondary am ne groups wth a conpound of the fornmula
and {7 1-Sakadoylgiier ei n each X is a | eaving group, and each
Ar is an aryl group or a heteroaryl group, to provide
11. ¢ hqh%&’ddﬁﬁ&ﬁngam%%ﬁhaf %ﬁ&%@tﬂ%@ﬁ&?ﬁ&?waﬁ{k UM
matrix. 23. A nethod for preparing a nodif
whejais edchizirg rbsldmheldiemm@rgaup trat pcﬂp;mmllymbsmtnted with one

oA AT IR AR S AL e
nitré® %%Bﬁ?r(m@ﬁ])ﬁ@(yg r(QHE%g)allM)i}h (@-CopnReya®onyINEC £ or nrul a

erein each i's a |l eaving group, and each
Coo)alkanaylayy, ar sNReRg avhisesnin Rcmw&%cm% be gie@pmpiog diffgrent and are

|
chof¥ Y ﬁiédlfs%é]ﬂ R9-¢¥ %‘il%ﬂ” >;S e Ihlgz&é :(Cbn éﬁﬁlk‘é&ggcamo%gl b
(Cy- ngbslkartdyl(e@ of Whe@hﬁiﬁndlﬁﬂ“t&g@hdﬁ stitht the nttﬁ)gen to which they
i ndependent |y elected fron1c no, hal_q, hé%fp g
ofpholino ring;

are Wle%@pﬁoan afirpobidinos pipgsidino mqrpheeg, o djpm
e SY G oL ElepaiaL Ay ekl o 0 o

Cgo)akynd@éoxshm ogamwalkyrsuljstftﬁted enth caedr araze cyrmochalbrhgidroxy,
mercapto, nitro, carboxy, sulfo, oxo (=0), thioxo (=S) or -NR.R;, and wherein one or
more carbons of each (C;-Cyp)alkyl, (C;-Cyp)alkoxy, (Ci-Cyg)alkoxycarbonyl, and
(C;-Cqp)alkanoyloxy can optionally be replaced with -O-, -S-, or -NR.-, wherein each
R. is independently hydrogen, (C-Cg)alkyl, (C1-Ce)alkoxy, (C;-Ce)alkoxycarbonyl,
and (C;-Cg)alkanoyloxy.

12.  The modified insoluble branched condensation polymer matrix of claim 1
wherein wherein the aryl residues that are terminally-linked are substituted with one
or more cyano, halo, hydroxy, mercapto, nitro, trifluoromethyl, trifluoromethoxy, (C;-
Ce)alkyl, (C1-Cg)alkoxycarbonyl, (Ci-Cs)alkanoyloxy, or ~NR,Ryp, wherein R, and Ry,
may be the same or different and are chosen from hydrogen and (C,;-Cg)alkyl.
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hydrogen (G -C 20)al kyl, (Cl1-C20)al koxy,

(C1- C20) al koxycar bonyl, and (Cl- C2o)al kanoyl oxy, or
woherraenioRa and Rb together with the nitrogen POTMSRM®E031680

they are attached forma pyrrolidino, piperidino,

nDrphoIino or thionDrphoIino ring; wherein each

13. | Gliccmndiey dsphblaipiiod Sntion g e i s glaim 1

Wherelfﬁtth95l§/l fe¥1d%9§3§1ta’[ St ehiMIfNiMkRE aR rebEN& HRALnelBBonyl
hydr oxy, nercapto, nitro, carboxy, sulfo, oxo (=0

),
chloridvi, paghiti{ateBle trisulfauRl ctitbride dr Wnzerdtrisdfpaybehlaide car bons
of each (G -C 20)al kyl, (G -C 20)al koxy,

ghl %1?165% Sl b@raxé ed %Eﬂde%%tlo%@ﬁhéqﬂ&ﬁk%&aﬁﬂq

e rep ace

whefdlih&h@ iﬂ@ol@&léfbrﬁh‘chb& comitageiod @olynyer Iilxyaﬂlrm gennpnélﬁg rdactant
6) al kyl , ﬁCl Co6) al koxy, (G -C 6)al 5 car bo and
residpgsis degyablaaemyrELyyl %qnoz)er%haiﬂw easbowe ﬁ%‘%}y} &iqugs and
aming n‘fc)ﬁ%hie?s' orcHh H'J(eYsCKQ\Lﬂi%atr 1609 1oy &P drBupthi ch at | east
et er oat n-carbon atom containing ring
is aromatic, which ring systemcan optionally be
15. subshérbhrasclcasprisingte snodibrdsinselele branshedscondensation
1 I nde end%nh%¥&%elected from cyano, hal o, hydroxy,
POLYIEL 0 T;5{’(0 carboxy, (Cl- C20)al kyl, (Cl-C2
) SI kOXy, (Ci -C 20)al koxycarbonyl, (Cl-C20)al kanoyl oxy,
16. or ThdNRoaiRed iidoRitdd Braflehed RdndRins #iyn ﬂlﬂyﬁlélemsta]mf@talm 1
different and are chosen from hydro g C2o0 alkyl,
whelpmlﬂlez@phubkob@nch@éfm@k@yBAWMW w COBREjsing réactan

remdﬁg £ oﬁta‘frﬁl%%}pfﬂer a}l helitifda. and Rb together with

rogen ey are attached form
apyrrolldlne plperldlno nmor phol i no, or
17. t hAonemipaoé cmmpmsmgthe\Atwhmduneduhle(bmwh@ngmleRWlon

(C1- C20) al koxycar bonyl, and
POly%ﬁm%B%%J%ﬂ%% oxy is optional |y substituted wi th one
or nore cyano, halo, hydroxy, nmercapto, nitro,

18. caThexiémbsatelod cladma 7(wi}h istddomimsiieBendianeNR aRb and
wherei n one or nore carbons of each (CrC 20)al kyl,

19. S0 KNG G R ARAT YIGB 3 SRR GRATY Fergrane

-S-, or -NRC-, wherein each Rc i s independently
20. ?y q‘h@ ﬁ%ﬁlfle@%smlébﬁﬁbhed(ﬁd%h@&k mer matrix of clalm 1

1- C6) al koxycar bonyl, and (Cl- C6)al kanoyl oxy;
whemomch@ryl hesidrsds Ripbenylwyle |gé01mrtbﬁdh eﬁtlwﬂaénww@dwwﬂh

h
o R T s

or carboxy.

21. A method for preparing a modified insoluble branched condensation polymer
matrix comprising, treating an insoluble branched condensation polymer matrix
comprising reactant residues and having a plurality of primary or secondary amine
groups, with a compound of the formula Ar-SO, X, wherein each X is a leaving
group, each Ar is an aryl group or a heteroaryl group, and the reactant residues are not

Ar-SO,-, to provide the modified insoluble branched condensation polymer matrix.
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matrix with a feed solution having a pH of at | east

about 11, so that the feed solution is fractionated
wonoa/oaziper neate and into a retentate. 25. Thepraeiseme/031680

of claim 24 wherein the nmenbrane conprises a primary

pol ysul f onam de pol yner. 26. The nethod of claim 24

wher ei e feed sol ut] co r| least 5.0 | es
2. of Anetho 6 PeDaRG gk ifgalpble SnciedcRlBigfon pOTmEr
matrx! @hiPrith ‘Qﬁ%ﬁtﬁ%ﬁh Ihslubrafaraby ?blgﬂmﬁdylﬁﬁthieﬁvﬁﬁg al A@skity

oneln'pU|ty IS concentra in the retentate.
of priBary Bhecaveddrpdmife gloapnwily awhmpeird efifbe frmmaneS02.X,

wheip S oSt R trina sttt s ashP bt hol g,
to pravie MRINGHfiIEd ingblabl® bidnchbe b@idénidﬂﬁnlml“ﬂm@mﬁatﬂﬁj ects at

| east 50% of the inpurity following at | east 5 days of
contact with the feed solutian,

23. c| Aimsthad {gs FPRFNG AENqebigs) lﬁﬁféublﬁ%faéphg‘g%n%ﬁ@sapﬂn golymer
matr%oc#ogﬁﬂrgﬂlécai}g%aﬁ% gh ﬂgoﬁlb%Sor[é‘i?% hed cBﬁ&&@attﬁ‘ﬁl pRIfh&@hdiriat 65

0SsSesses a ux of | east™ 3 LIVH at
havirﬂg)ﬁpmsdhtﬁ nﬂpxdimmrmtseaﬁﬂaryaa:rmhe gBIup&O%h efcempown afthe

formg oD IO B % R PR S0Pt SHSFARD A DA 4) carbon

mon@q%ﬁc rmé}%ﬁlctdrtﬂoﬁﬁgﬂl@r% kaldm iPWRich)at Rbstlodd$ing ks aromatic,

ter of dissolv sodi um humat e. 31. The net hod
whmhfrmg sa(stmnzs openadly petshestiespd ithone of more s®aUERIS| n a

Ly 65
SR SR GG ST LD. ERYRLs AR o T PR,
Co)AR, -CAN SSTENSCRilesyedrbbeds(C, 80Yatlepeyibiniphedyl,

sodi um humat e as nmeasured by UV-Vis spectronet ry at

00 d_wh f eed |
or SRS, MBE R, ELReBRB0S IR PTe ORISR 4R FBbpseh (om
hydrggé{'{dl'—éz‘ﬁfallaifl (@, g 85&%533/,%@@@&5&11%9?&@001&? and k@l_rret hod

m 24 “wher e the feed solution is a
Ca0) plk arereybosxyl, mcmbelsrseln:%a anﬂlﬁb togetiien avitf the marqmw Wh@héhw pe

PRTRRAEE MR (e
eachc(@ffdgb)‘élkyl, (Ci1-Cag)alkoxy, (Ci-Cyp)alkoxycarbonyl, and (Cl-Czo)alkanoyloxy
is optionally substituted with one or more cyano, halo, hydroxy, mercapto, nitro,
carboxy, sulfo, oxo (=0), thioxo (=S) or -NR.Ry and wherein one or more carbons of
each (C1-Cao)alkyl, (C;-Cap)alkoxy, (Ci-Ca)alkoxycarbonyl, and (C;-Cyo)alkanoyloxy
can optionally be replaced with -O-, -S-, or -NR.-, wherein each R, is independently
hydrogen, (Cl-C(,)alkyi, (C;-Cg)alkoxy, (C;-Ce)alkoxycarbonyl, and (C;-
Ce)alkanoyloxy; or 2) a 1-20 carbon monocyclic, bicyclic, or polycyclic ring system
in which at least one heteroatom (i.e. non-carbon atom) containing ring is aromatic,
which ring system can optionally be substituted with oné or more substituents
independently selected from cyano, halo, hydroxy, mercapto, nitro, carboxy, (C;-
Cyo)alkyl, (C1-Cog)alkoxy, (Ci-Cao)alkoxycarbonyl, (C;-Cyo)alkanoyloxy, or -NR4Rs,
wherein R, and Ry, may be the same or different and are chosen from hydrogen (C;-
Cyo)alkyl, (C1-Cag)alkoxy, (Ci-Cap)alkoxycarbonyl, and (Cq-Cyp)alkanoyloxy, or
wherein R, and Ry together with the nitrogen to which they are attached form a
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etching bath, or with paper production. 35. The nethod

of claim32 wherein the nenbrane is part of a spiral
woawTtd2zoadul e. 36. The net hod of cl ai m 24 wher eCn/uSh®6/031680

menbrane i s present on the surface of porous holl ow

fibers. 37. The nmethod of claim 32 wherein the

eGSRl U5h i SitmaRei e T B RS
czo)mlﬁppte C5 Zélk&{y (0% SR ox y3&bot 1 CariBd) A8, ik agb ngb@ 24

nbrane i s a reverse-osnbsi s ne rane.
optlmllym@stmcchwh@me@r gione annm@al@uhydtcm m@toylst@L fitioan de

t
card IR} it SRR ROR a8 o O A AR P B crbons o
eachl (€3iCipakkyl, A0¢-C3))alkoRy, YT, f)NIket oafuohyr asd dues,jdigdnoyloxy

differ fromsaid reactant residues and that are
can pfpethabe feplacht 8dth-0-t e AnE&-ubyierein£aehBls independently

sty h X de bonds.
by L A R, [ SR JREFC00 e
Ce)allsinaylory;tb pepvadiptht addifies] inpdliiela dkdnghsldasidetsatien pulytder
one or nore substituents independently sel ected

matgy.oneyano, hal o, hydroxy, nercapto, nitro, carboxy,
sulfo, (Cl-C2o)alkyl, (Cl-C20) ElkOXy,

24. (Ck ﬁ@&béb&ﬁﬁﬁﬁﬁ% Q&w&tmg(a%ex%fahalclsﬁpﬁmhgé%polﬁmfoﬂﬁﬁﬁ%

b, wherein Ra an may be the same or different and
matrik with adeechsolwtinn yinecpelh of @lleap aheut Ry so that the feed solution

is fr%cg%@%%;ng) E Bing a@ggthﬁpo) aa# oxygarbonyl, and

erel'n Ra and Rb together
with the nitrogen to V\,hl ch they are attached forma
25. py Mhemethaimf qhhime?4 wherein thompimbldne@pompriséstd wrimanghol i no

i n each (Cl-C20)alkyl, (Cl-C20)alkoxy, (Cl-
POIY&%WW%XR@WB%WI and (Cl- C20) al kanoyl oxy is -
optionally substituted with one or nore cyano, hal o,

26. hy dhe%eth SRS CRRN04 WhirkR th€ Rl 9Mtio bdihprised%P1ebst@)0 moles
thioxo (=S) or -NR Ro and wherein one or nore carbons

of tigptallg@kali@er ies) al kyl , (Cl- C20) al koxy, (Cl-
C20) al koxycarbonyl, and (C -C20)al kanoyl oxy can

27. PRk &ecla[iﬁlpimﬁ&ew tfl‘?fe'eﬁ} solution comprises at least one

impurity that is concentrated in the retentate.

28.  The method of claim 27 wherein the membrane rejects at least 50% of the

impurity following at least 48 hours of contact with the feed solution.

29.  The method of claim 27 wherein the membrane rejects at least 50% of the

impurity following at least 5 days of contact with the feed solution.

30.  The method of claim 24 wherein the membrane, aftér 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 by UV-Vis spectrometry at 400 nm; and wherein the feed solution
comprises a) 6.25 molar titratable alkali, and b) at least 1 gran/liter of dissolved

sodium humate.
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-S-, or -NRc-, wherein each Rc is independently

hydrogen, (Q C 6)al kyl, (Cl- C6)al koxy, (C
weca)7akkionycar bonyl , and (Cl- C6) al kanoyl oxy. 4BCT/Ti82006/031680

nmet hod of claim40 wherein each aryl residue is a

heteroaryl group that is optionally substituted Wi th

. DA A R S Lrcepsrien b el grien o
com?f-imﬁ%é @)S%Jﬂ)ﬂ tltrétgg-le GRalki %UG@ Xy for@@rtﬁyg DoKX léqafxw %/east

0) al kanoyl oxy, or -NR Rb, wherein R3 and
3 LMH at He0 Qarmd@ien@mstt@meat ﬂeaatﬁ)‘?a rejectionsd noclhrlmhumym agen

d-C 2 I a-C 20)al kox
mest i RN Sy RIS A s e Pgem or
comphisds @) 6.28an@ackifRable gRih ez[ndVU)tah Icadtel grafnfIRBESF dissowetich
they are attached forma pyrrolidino, piperidino,
sodip@meAte-no, or thi onorpholino ring; wherein each
(Cl1- C20) al kyl, (C1l-C2(Cal kOXy, (C1-

c2 hﬁg%y ( ' :

32 op?%gnal y SJ%@??%tvgggnnﬂ%ﬁgﬁg&%#5ﬁg§%ﬁ§%%3g%mﬁgﬂgpn
hydr oxy, nercapto, nitro, carboxy, sulfo, oxo (=0),

33. t hiTbg onethad) oforain\iY whreirtble whpiriy is menisrsubstacecar bons
of each (Cl-C2o)al kyl, (CC 20)alkoxy, (C1-

aI k?tﬂ(ydc %r ckl)amy #4 Wﬁg (t%]gee lupl%X llsozi(sgom%ﬁkwnh a caustic

Optl ona € repl ace

etchilhlgﬂfa&t Dy Qamfpaﬁér prﬁdmdﬂﬂﬁpendent l'y hydrogen, (Ci-C
6)a|ky| (C1l- ©6)al koxy, (C1-C6)al koxycarbonyl, and

Ik noyl oxy. 43. The hod .of cl aim 40 wherein
35. théfﬁs hodal ceian3 WB‘tre’é‘rtE PERbERS part Phk %raie’@un
mo&ﬁ@ldues of benzenedi sul fonyl chloride, naphthal ene
trisul fonyl chloride, or benzenetrisul fonyl chloride.

36.  The method of claim 24 wherein the membrane is present on the surface of

porous hollow fibers.

37.  The method of claim 32 wherein the permeate is recycled in a closed loop
Bayer process.

38.  The method of claim 24 wherein the membrane is a nanofiltration membrane.
39.  The method of claim 24 wherein the membrane is a reverse-osmosis
membrane.

40.  The method of claim 24 wherein the polysulfonamide matrix comprises, 1) an

insoluble branched condensation polymer matrix comprising reactant residues, and 2)
a plurality of aryl residues that differ from said reactant residues and that are
terminally-linked to the insoluble branched condensation polymer matrix through

sulfonamide bonds.

41.  The method of claim 40 wherein each aryl residue is an aryl group that is

optionally substituted with one or more substituents independently selected from
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cyano, halo, hydroxy, mercapto, nitro, carboxy, sulfo, (C1-Cyp)alkyl, (Ci-Cyg)alkoxy,
(C1-Cyo)alkoxycarbonyl, (Ci-Cyp)alkanoyloxy, or -NR,Ry,, wherein R, and R, may be
the same or different and are chosen from hydrogen (C;-Cag)alkyl, (C1-Cyp)alkoxy,
(Cy1-Cyp)alkoxycarbonyl, and (Ci-Cyp)alkanoyloxy, or wherein R, and Ry, together with
the nitrogen to which they are attached form a pyrrolidino, piperidino, morpholino, or
thiomorpholino ring; wherein each (C;-Cag)alkyl, (Ci-Cyp)alkoxy, (Cy-
Cyo)alkoxycarbonyl, and (C;-Cyo)alkanoyloxy is optionally substituted with one or
more cyano, halo, hydroxy, mercapto, nitro, carboxy, sulfo, oxo (=0), thioxo (=S) or
—-NR.R} and wherein one or more carbons of each (C;-Cyg)alkyl, (C1-Cyp)alkoxy, (C;-
Cyp)alkoxycarbonyl, and (C;-Cyo)alkanoyloxy can optionally be replaced with -O-,
-S-, or -NR-, wherein each R is independently hydrogen, (Ci-Cg)alkyl, (C;-
Ces)alkoxy, (C1-Ce)alkoxycarbonyl, and (C;-Cs)alkanoyloxy.

42.  The method of claim 40 wherein each aryl residue is a heteroaryl group that is
optionally substituted with one or more substituents independently selected from
cyano, halo, hydroxy, mercapto, nitro, carboxy, sulfo, (C1-Cypyalkyl, (C1-Cyp)alkoxy,
(C1-Cop)alkoxycarbonyl, (Cy-Cyg)alkanoyloxy, or -NR Ry, wherein R, and R, may be
the same or different and are chosen from hydrogen (C;-Cy)alkyl, (C1-Cyp)alkoxy,
(C1-Cyo)alkoxycarbonyl, and (C;-Cyg)alkanoyloxy, or wherein R, and Ry, together with
the nitrogen to which they are attached form a pyrrolidino, piperidino, morpholino, or
thiomorpholino ring; wherein each (C;-Cyg)alkyl, (C;-Cyg)alkoxy, (Ci-
Cayp)alkoxycarbonyl, and (C;-Cyo)alkanoyloxy is optionally substituted with one or
more cyano, halo, hydroxy, mercapto, nitro, carboxy, sulfo, oxo (=0), thioxo (=S) or
—-NR R}, and wherein one or more carbons of each (C;-Cap)alkyl, (C1-Cyp)alkoxy, (C;-
Cyo)alkoxycarbonyl, and (C;-Cyp)alkanoyloxy can optionally be replaced with -O-,
-S-, or -NR¢-, wherein each R. is independently hydrogen, (C;-Ce)alkyl, (Ci-
Ce)alkoxy, (C1-Ce)alkoxycarbonyl, and (C;-Cg)alkanoyloxy.

43.  The method of claim 40 wherein the aryl residues that are terminally-linked
are residues of benzenedisulfonyl chloride, naphthalene trisulfonyl chloride, or

benzenetrisulfonyl chloride.
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