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Crosslinked Cel lulosic Nanofiltration Menbranes 5Cross
Ref erence to Rel ated Applications The present
pat ent application clainms the benefit of U S.

Provi si onal Patent Application No: 60/837,381, filed
on August 11, 2006 and is hereby incorporated by
reference inits entirety. 10Field The present

I nvention r el @taaslirked Ledolbyie Nanoviigaidnaiémbranks ane and
a method of making it. More particularly it relates to
a sol vent nanofiltration nenbrane and net hod of maki ng
it. 15Background of the Invention Nanofiltration (NF)
menbr anes have r@besRefererteas Kelated Applications t he range

bet nultrafiltration and.reyerse 0s LS o

Nanof T Se bRt ARPLIFRIION St N gt ol Hhy oProvisional Paternt
ApplidatioalNont60i8aT38a nfilled BRIAUgOstIEIN 2008 @ cie tleesbyiimcdrpaated by
%I ecul. al, wel ght range of approximately 200 - 1000
ISR TSRRUEN; | ity to remove small organic nol ecul es

has |l ed 20to nuch interest for applications in
pharmaceutical industries. | I@arti cular, there is an
interest in operating in org’ﬁﬁlc solvent streans to
sepalThberesent invemtloaculbizs ts achlveat eyistaneinembedria dridd meghod of

RTPER58 L) B9 o 35 R B R St o

nexkingoityi cal operation. 25Pol ar organi c sol vents, such
as di polar aprotic solvents, particularly solvents
such as N-nethyl pyrrolidone (NMP), dinethylacetam de
(DMAC), and di et hyl Badkgeoundef (HoNB@ntiane used as

sol vepts.or.nmedjia for _cheni cal reactions . to. nake
ohar NReBRITIF mirP iRt i raleB R RPEcsihy R e range
betiwezhhuiteafittrating @aat irevetesgs okl SN anofiltrities engpadnendsidre used to

sol venh@ VYI ltl' caurﬁ seli/ere da elto ?Hommnlﬁ usedht f
SOPE PHEYFE RN P PPRP'S 415518 RS BP Sy Wrght range o
apptoxiatdiely 200 £ 00€0 DpltdnsaThy hbififytto rdreowver snpall grgamiy inalkuies has led
fluoride | ynmers... . I n ny, appl.i.cation it .

G BieD g eBay SRR aons P harrRP A BB AT L S, thereis an
irdepesioin Dpatating iresrgafhic solvertretreams tovséparatetsmadiqueecises such as

sglutions. and solvent based sol utjons, i eries.. For. .
sYitbld SRBHRS a3 p e PRETAImafiE oA, ul Re8E RS gt dications,
atHigly pdrene@biigriy rdcuives éorreeatorhichli agerdtion. aqueous

solutions. Low aqueous perneability in hydrophobic NF

menbranes i s shown in Advances in Sol vent - Resi st ant
Nano Ploldrtorgenicosoldaitd) sactess dipolar apiotic sdleerds, Particu@Bls solvents

AR AN PR bR i et SRR CROR A, L

dgwdthylsdfezidpr (CMSOpar@ wsey o ablveriatar oredi fep chémicaltrbastions to

appl i,cations, process erat ors ar b I 1 0
Bl lieaR e R RBHLE G Safpl pfreboli Ry
irdiuafry.| Tthea¢ powerfultsotvknisavith ciudecsesderredamage taigommonly used

Yj ratign_step. r c -
oBUFRRE A 54 e PR SR S0 ot B BB AR orre o
pblywiaflidene fitoride pdlyroergani ¢ sol uti ons can 10repl ace

vacuum fl ash evaporators or rotovaps, providing a

| ower capital cost process. In the processing of

pept indeanpapplohtiars, itowudheegsdiafontee glemyanmio aperate with

<Rl ol rRRRR o e ST s BPRR ) sotvept e

to the nmenbrane | ower perneability and reduce yield by
irreversibly holding solute. Cellulose is well-knhown

as having a very |ow binding surface for such 1
nol ecul es, 15 whereas hydrophobic and the typica

pol yam de NF nmenbranes are known to be hi ghly binding.
Cellulose is solvent stable, being soluble only in

strong sol vents such as carbon disulfide and sol utions

of dinethylacetam de with lithiumchloride. Wen
crosslinked, cellulose has even | ess tendency to swell

and is therefore a good candidate for a 20 sol vent
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25 "bl ocki ng agent" is undesirable because it adds

unnecessary conplexity to the process and an

addi ti onal chemnmical change to the nature of the

menbrane material. Such bl ocking agents can al so add

to undesirable extractable material which can

LaTLpat e Eéd HBpR $éfulls they have

soluffiE LR CED Syl [scs, HICRITIRAL Mombranes arg/ APt ussrul & they
very tewpeaneabifities 0 agapaussoluijons.ghowaduequs permeabilityis

YRR BaIENSY e AT Soent-iRrstalfanofitration
MenébZ?rZ%‘s{]%r{rﬁN!Y.t Achd Sci.uguorsgIETTE 2003t he menbrane’ s

Ivity in organic |iquid separations ) .
aphbltypicaliusedor thesednambrandsds t@ sengsritaie Preducis Jepraagic or

duc. . hyd hi Li ci .Of .. .
aqueais{orag g sedione v o i e hYSiRg L SeP T stk ppiBdtions, process
operﬁb&i‘é axy aBleaBRendive Ibwfrholatllar wesgttlimparitiewandsealtaiby diafiltration,

ydrnry groups introduced by the crosslinki gagsq?\gent.

whicBwannsg pae&dtha pvapatior stap. t Qpe@tersarg blg to exchange
ter .soluti ' i . ' .

sonf g5 L 8 ot Al 4288, NAREAS LS EBlohs can

repldcdl RRUUANTIASH e¢spdrators ol sotovaps peovitiag avevgntcapital ¢dst process.

range of from about 300 -600, DaJtons, of 55%.90% .
( Mbithe iregessingypk perfidesransiRthen m@}ﬁcq@twgﬁwgamc solutes, the

capa%{bt? 1y Jr%ﬁggg :9%1 W—Biﬂﬂﬁgﬁ? &nNRiportdnt aftfisuteOrsdiftes bound to

ht gh” val ue "a product s “of pharmaceuti cal
the rmmibrasd lowsrpermeability &eet redrtceatieldiby iusversitdyholding solute.
5,739,316, clains a. process foL. King.a ¢ oss-linITedl
Celiglase i wel-kpgwpaaschaxing arvery oy PERINGRETacedOE SHE MAeges,
t | | | highl
whefeds @@gb@hﬁ? GRb e Wﬂﬁ@%dwmﬁbfé’hw afdlknown to be highly

aque I'ne solutio wat er sol ubl e
bindithigepoxi de. Besides being limted to water sol uble

15CBaRe & solvenistraa: prbRs ol BT BERG By 80 as carbon

disuffidbf A4 dlufdies SPRRIRIWScetARIROWRR litHRgarchidrides SWienadtosslinked,
objective of his invention a process that does not

celluloss hgs ewen lesgiendencydo swell anshisithaeforea goad gandidata for a

th . '
SolveB B Prambrne - F1 e T EoMutthiel BemurBhe f@8 Heen produced
becadsd $aHdidMcultifs voRaidantmAkIRY aqsiroos SIFLeh4A4 frandcellulose.
10/ 414988 t eaches 20crosslinked and crossljnked and

chRegdall,dalUS Patent @, 864289 tdeacribas RRrpresior i preparation of a

ret.ai n_t.he t.rafi i r f . ;
ool 5 5P i e R o B e
merfiSvERR ShaR rigE Ehsaliuf sioomssiriking agentsid atbiocking agent. The use of a
ultrafiltrati on menbrane forned from non-cross-|i

nke
‘bloking pgrNt 4 Hydesitakie paeausenit apfs UnPBFSTAAFY F%W&'%"ty% the process
r : .
a3 YL BREN ARG ST GG DY Bl pgremd, suen
blockiritf #derits gan edstt ad td undesirabid exfracialle rmateniatiwhichreamcontaminate
aqueous sol ution of the polymer containing 1.5-2.5%
the purifiest P@MREaB! ymer . The patent is directed to chitosan
co : t ' fi
oG TEISPAN 41454 120 HeRRRLE S sl e menbraes o
separdtingrorgamio ligujdsy sush a® kbtomesdewalting sigventsifgymalewaxed oil.

pat ent cannot, b sed with dipolar aprot.ic solvent .
Reilog reasnerains s iulseEMRaRIRS Bith & HEyp S a gl Ssuts i

because such solvents will dissolve the support |ayer

and destroy the conposite nmenbrane. 5Guo et al in

Chi nese Chem cal Letters, Vol 5, (10) pp 869-872 1994

reports on cross' nking |arge pore cellul ose nenbranes 2

wi t h DVMSO aqueous al kal i ne sol utions of epoxy propane

chl oride (epichlorohydrin). These nenbranes were used

for affinity separations. Such | arge pore nenbranes

woul d not be suitable for small nol ecul e separati ons,

and there is no teaching that the nethod coul d be used

m o~
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sol ution of cellul ose-hydroxyether, such as

hydr oxyet hyl cel | ul ose or hydroxypropyl 15cell ul ose,

and then crosslinks the coating with al dehyde,

preferably a dial dehyde to the point of water

insolubility. In an article in JAOCCS Vol 76#1, pp83-87

1999, Zwi jnenberg et al report on nanofiltration of

vegetable oils in acetone using conposite nmenbranes _
improvémeat OEhkel meobeans/s seteativityaipeosrganicrigmshsearations applications.

Technol o #107 5-8 1999, K Ebert et al report o
Wannsiaiss thaf e Rieces algaeistogenuce e Byarfdely Bhtne membranes,

ool | o . !
and (’gl?ﬁ(t%%%ﬁ thfé%?osé"ﬂﬁl?ﬁﬁbaa’g%ﬁté Ao ZAréncéd lhDGrd&?r r%tﬁﬁ?ﬁﬁé@leﬂ after

ulose type~menbranes is influencéed by
reactionssor arei any lystioky gaoups idsddudessy thederossisking agente Sich

mergiyencr yewid b8t B il X0 fos MR P SRS Br splgons with
app%;cgémé Bhidintd'6f Wategr i @l as cel lul ose-1ike. Cellulose

oxyethers are water soluble and can be expected to
befheenembranesrinthe Wampategt havereigctian values or oils of molecular

.menbr anes in rat. e f :
weidF B RS o B o0y SN FOPRB (0Blecuar weight
datd RYBIdoretent patehBUS 4 5d0f04Fr)eMhesé rejettions drearotisoiable for the

regenerated cel |l ul ose nmade by phase separation

y
highrivalue addedpeediate obpharmacesiticalimanuigciteSses a
co i fd [ i Si . i
e BEL ko 17 D3P aehPs 738 TR ARG LR I dpAY ARG fnked
celliloserngdeite aRtdfittanion rghbearyatémbrisingeontadiingla célkdodeyhydrate
al dehydes. 30The inventors of t?e\&resenfpinéentLgn Besid
membiagerwithan @aseors alkeling salyisn i Wter spiubls diepgiide. Besides
beilFiRE o RSted Bl H%%"oxid%@?'B%@f laehby afRYtfFdth thé'tise of organic
eaction conditions sO as to maintain sufficient
solventd inrthe Ireactivmis iascheihg téchnicallyrdiffioult ahd expansipe odMareover, Beer
sol vent stable cellul ose nanofiltrati,on nmepbrane .
statgs B8 ARSI HyeRToR A HIGFRS () 4Pa ROl oGy i igh flux of the
mer@?*&h&'. Oﬂ\ﬁ;\?}m s%ﬁh?&&ﬂéﬁfb‘r‘énés%d BRSduBed w88 net have increased
ends, Ichis also low binding to organic
rejebtiomfroer ihel isitiaBultrafiltnatioh nérebrangent i on 5The present

At 1 AP RO TIRL ¢Bacrs
cro%élihk@d bRE cPedsihRed Bha BhardNedliusstev@ttbfiliration meghbnes that retain

I polar aprotic solvents, aqueous solutions, and
the witsefiltrationgtructurerofdhel megrgbianessol vent s. The

B PARR DI 768 BLA £R=RaRiEgh EBMeBRleTmorane comprising
a sEtES URrafiltRftitneembesne fdrere frdrh mah-drossdinked ethyteracedly

on said _1_Osup,oort, and crosslinking the cellul %se .
unsatirraiesnitrile palysisit Al RaPrauh ARALINGLORA Classriiskgdnydrephilic polymer

na Y BB A5 b 2480 20000 BAPRBh i hoEaaig iciona
gro@ps fiemed fremband agasbu® solution wéthe polgmeasoatainiog dpi2dis wiw of the
rane capabl e of operation in di

nmenb bl e \ ol ar aprofic
polyBen 6Tt PateMh Isaipdied 10 hiRsan GRatee MesabiaREs dalre completely
. C I . r |
cricf Bt OARG P IRRR, AR, FRASA TR A8no6 S vather{Haia porous
membratdodi nent, the cellulose ultrafiltration precursor
menbrane has a nol ecul ar wei ght cutoff of |ess than
about 5000 Dal t ons. In an enbodi nent, the
nanofiltration nmenbrane conprises a hydrophilic
20nanofiltration nenbrane conprising crossfinked

cel l ul ose capabl e of operation in dipolar aprotic
sol vents.
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The nanofiltration nenbranes of the invention conprise
crosslinked cellul ose, capable of operation in dipolar
aprotic solvents, said nenbrane conprising a cellul ose
ultrafiltrati on nenbrane reacted with a

mul ti functional crosslinking reagent through
25hydroxyl groups in the glucose units, under

condi.L i uf fici nt h rou ar.e
o oTke i 6 1876 baRhlEaal Bt e Wit e B SR8 §i¥entS Sl as N
nvdteyl efyrolidtiene c&&iﬂhétawfhcftahidﬁ bdcause nfbl.a:htﬁol\/ehtsrwﬂl tizsele the
ment nofiltration nenbrane conprises
ST HET 810 dedfior PR omaes e M aioe. camor | of ne
cr OSﬁumét%dm@hnhede(rsherma@abttérsoflolcme’fca)tppCBBQI-SYZ 1994 reports on
ol vent s

| ti it
s et et Col e dSattp ap R B Ser A alge polytions of
e@bg,&pﬁoﬁan?é)d:hl@mie @pichibiadierin). Thesermembadesapte usddeor affinity

rises a nethod of renovin
sebrans BubhiFEe, A crertransR el Bl saB R HRT RS molecue
sspém&dn’cs aﬂdi Wr@ﬁ&oﬁ@ﬁ@fmgsﬂhagthﬁaﬁahditgcddes abed foanake
h QFdro ilic crossli n_ked cel | ul ose _
s Prl’ Pa AB¥%ne according to claim1, said
rrenbl%veracpa'fﬂhﬂ ajpn@t@w ahdl aHic®e havé baén ptisliahédby authors primarily

<8R in GRS REsdareft BERL dPHen A Sofer R oo i the same

teahinplog . GﬁnsamﬁﬂtoHC(WFDWmm Icﬁlgs (arsglaﬁﬂrale sdnutirese fvitoanlow solids
ent _sol utions

Qlfan pedesS o Rl ikt i A AR Bl b se Ry blofRirgey

cellbad, Gﬁ@tmaarwésdlﬁlfsﬁthe eoatingitredidehyslaj prefezatily amitaldehyde to the

Pﬁ%ﬁﬁ{\é{%ﬁl@p@aglgﬁ l ose ﬁlgflrg.?l{(ghg }2 Ilc?%gaﬂp é{)r%%g%?‘gqqgczmjnenberg

es al report BN naﬁ@fnttaidn\uf tégaatieblis inueetanenaingaoogskitekientpranes

RS baen UP e i 4 e P TR RGu AT Pop iR Ebert ot a

répoet drefidnadfifrages bdkgetabi cilsi id @olaeility avith (jEa!lulose e namebranes in

. der the menb filter.
Kk R et e e A A T

crassiiridrizeconddions. Cetiolose bl dredysihers ate a dfffeedrit biass nEmateridefrom

FirrBiAled cIRE e STl E el Rete ARG P the materia

ap rclewmchm Iiha&pCeMﬂ@berrqtdecndyetmrwéreswated satubje arhtacegehﬂa expected to
ecul.es Q re

BBt B FRAReB0s hAMIRR meSRaPR Y osbratop,The mgmbranes

n2ddie frdin telluld3eylidxfetbenstane fdreed frool thin densbyayeenandgill have a

dg%rt?rggpbm Slh%ma?l rég rzrieergs Iél,ﬂo dl na? gﬁéhg e’seggge{t]lgﬁgne%hods.

and DoammehiyPDE 108458101 &1 msclmdsea catepdsite hasdfiltrdten noerebrane

Sirlstd SeretAtmerEnas TS 16REr 3P Balla g Rl
csliulessrhydfoxyalkglsatierzeaksfiged sodldehydas.stream i s

intr ced t €

the oPinlsTs P Fesst BEFuRh MRt e S SRR EP e
udeusatnmemMrame an‘ a preeuSneEmdrcansiullySmintrolisg (raetiereconditions so
aéggn S%H& %gl%n %IHC a?darggﬁt gr\ﬁ;véerﬁsllr?gl?)thg? cslb&eodu?ﬁ a solvent
skbleutatisloss uehofdtsatsaolnv@nbranp assaliid oloepginatingeat rsehﬂcﬁadw flux in

Addi tionally, other |ow nolecular wei ght solutes, such

as salts and ions al so pass through the nanofilter

menbrane providing a concurrent desalting of the

solute. 30l n sone applications, after concentration of 4
the desired solute, one or nore other
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solutes may be added to the upstream side to exchange
sol vents. Al so, pure solvent of the kind used in the
original solution nay be added to the concentrated
solute to produce a purer solution relative to the
original feed, now that |ow nolecular inpurities have
doaesus suimioas, ibgiugiag aquEaussovegimiktuees@rtieradsewhich is also low
5Det ai | ed Descriptipn of the Invention The invention
bﬁﬁkﬁaﬁoquaﬂ? @ﬂmﬁgeﬁﬁ%ane conpri ses a crosslinked
cel lul osic nenbrane, integral with a support |ayer.
The cellulosic rrerrbra,\ge i S m?g? frorp a cellulosic
ultrafiltrati on menbr 'ﬂ%mﬁ?ye? edlgp/?/n ifide by the
pr oc a%e ppéserbinPattmintis 5 chid2;ligkdd ¢eMalosé nasofiltrationposrabrade
herei n by reference). The ange i.n the nenbrane : .
e ARGRRY ¢ ML § bapatiep Y ERaRa g Togt FEgE Jovents, including
dippiErrapreictsbRents eagueatie solptiorisaand miXtyres o @ater and organic solvents.
(ul fNre_@fi | t rgti on?} to on%t\/shere o%!her 4 nt eract i ons ble of
bet wedfi THEHBP SORRYHT WLER G HFRMIT RBYS BiRRPArParte o
opBrtivbh andipslat Sprotic sayemtd, famiraf a selluldsesultrdfittration membrane on said
nanofiltratiaon, . t f es on t he sol ut l,ecul e t hat
SHaRH e paiciing e B3 A befe o Phrdtgy Fhafi i ds o
rériden tighres lleanp namufiitratiah wieentorbing bapattendfratamirdesdlmtes bf greater than
bhe%&%tﬁrte of the nenbrane material and 15the intinmacy
agpu %% t he pore surface. Charge and dielectric
cons trapreferiet et donerit e theohermbraaa thas almiemporaus tnf@mbrane capable
ores . affect transport through the pores in. a nner..
[PEFATON i ihelar SRS plyerts 8 9 grprett A TP rgigTed Shibedment has
amandroparess méhmbdrafeosupporvreadie i titrakigh aroddduldr masight polyethylene
menbr ane by the process of the present invention, the
aﬁ@r%"’?f’%‘e was reduced to obtain a porous structure in
whi chn ap keotbedimeamnh tiae ecliuidse riltedfiltratibe peecurson mendirene has a

bR SR e Bap i BT ORERIIER, L i Tabi e For
t he pm asentbodimasitthe naradittratien meshebran® corpprliseser hysioadhilias
e R e e T N L
dipdBO apkdtle soMsRs. sol vents. Supports need to conbi ne
ity for. 25f] hapj cal : h. :

Prexibeep gt Bnodhes BMg Ml Rhei T et sgjuiose,
chyalie ghopearationl in eipiotar aBrgbip eolventspsaid svendmanveostenpreing a cellulose

en . fabri de f f : | | yol ef j
R BRG Mo Taies e Ml TR P elimkiia et throuah
hgdroRylasoyps! iy thet glad¢dseamiiet ungdeecenditidnp méeerhyest ffeigmp bydroxyl

is a._mcroporous, nenbr. , 2 f o
ol o A RIS S e e PRIE TR BRI AT BHEBEY b Bsuttan
filkexi iglatnaB6fiEry et hyl ene (UPE) produced by the process
descrj pn US Pat en A S
can. bR Spirea iRyt The Bonhfoldn Biehorsle titnBiE R ARE
naoefiliast@nonerobitaees cahpriging erossinged pallujasercapalblatof operetidroin

t. The cel. ' i {
ot BPELE o ofisr Rl epF i BladsSaliE st beld B oout 400
Dattenefromdrgatihedvert sotakionsy a cel l ul ose ultrafiltration
menbrane i s described in US patent 5,522,601 wherein a
solution of cellulose acetate is coated onto a UPE

m cr opor ous nenbrane and coagul ated into a nenbrane.
The nenbrane is then hydrol yzed with sodi um 5hydroxi de

to formthe cellul ose nmenbrane. Al ternatively,
cellul ose can be dissolved in solutions of solvents
such as di net hyl acet anni de (DMAC) or N-net hyl 5

pyrrolidone (NWP) with the addition of a salt such as
l'ithiumchloride. This cellul ose solution can be used
to formthe nmenbrane and subsequently elimnate the
need for base hydrolysis. 10Cellulose ultrafiltration
hol | ow fi ber menbranes can be made by spinning a

cupr anmoni um sol uti on of cellulose into an

acet one-wat er coagul ati ng solution as described in US

P
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Preferred cellul ose nenbranes have nol ecul ar wei ght
cutoff (MACO) val ues of 10,000 Da!tons (D) or | ees,
nore preferred cell ul ose nenbranes have MACO | ess t han
5000D. A preferred nenbrane is PLCCC, produced by
MIIlipore Corporation of 20Billerica, Massachusetts.

Cr ossh bnkmbgdiemp the memidh&ioﬁfpﬁgwemthdaﬁcrérinoving organic
E@&P\(/\ﬂ/eg t he dj ssol ved crosslinki n L {E,] and a ..

8 Y. CFERBICIAIHER YN §%‘|’%§’PF6’F936‘ AYRiPng oqprising
pagsie® Ube @'oluﬁ?n ﬂfr@@gh & hidrbpteing tlzroszﬂlnlaéd @aﬁlullf\al_eelaamfmm

m xture. err solvents are

RFOENS prsng ey | SRk TDEES TS AgR ENPYS gfitvation
nebrﬁmha tapdbld @frdmmt@a erﬂlpGI_amabr@ﬂc sallerant s.

Typi r linkers.are . di - or nmu nal
b taa SmBpdant dhe L dism sormst s ieiod 9t emBURg organic
sblteantto@l BigahiciqiizbusedriueoiBbXgahic solvent solutions comprising

t hyl di ol d i dyl et
rasn e i Aouio i eueup Srossinjed st "angiratignmgmorane, sai
nebreiranée 8emphdihg b telntdseqnadfilthtian tpfydurstr meeny avo oz sf

B oS S SH A I DN S e T S resoen

throQgh Rydrey| brodips irf the giuzbsd\ésits, Badiéresonditiond\ekerdpy sefﬂcient

G SN aaR e e iad Sy iSRS Bt airender the
nﬁ&’rﬁﬁr@hé@d’.ahaﬂﬂ@e of about 10%to about 40% by wei ght .

skill ed
Dacod 81 SpibRatiest, e figsinkas GOl rS BReb s CRR b Hhsnpave
coatreliedl dnyountdsf dtﬁemtdgraﬂve/\bd ;bositabehadgaceha’ge adﬂe@toelhe

rate at, higher te er t ures. er _reaction vess
brapss NERS! aneE e SEresiar el Shal RS blodide Fpised
rétenney eitsimiaargrtatgedeeméculissin.  Hi gher pressures may be
used_llho i ncrease re (it on rate. @di ng on _the . ‘ ¢
o ac e maaEas s (a ol bonrSRERE hBEn S b ibfaani pautes o
fffopoabowtzom kBdo t amlkkl Ifro?Ttb the Ifeafmaillitlohmylsgpmfgvtdae m&rm!aahe ina

of reactants t.o the nmenbrane an re o
Fessu e fevie. SLEh AE Aepin Rad e B Ea8d bRlidad oy plate
ahdt flam&Erype Jabsetier oft Mbér dddie, setHat ase S|dé\fanets the highed ressure

Gof eSS S e R P e o e

APpresurized feetiagplution streamds mtredficealrto dxockllutose side ofii@umembrane

R ng b e e BEHH Syt RETSIAe SRRl SuletB e oftne
niieroiprah e rgrsutas gf@teralm atpDth a0GkDutre fddinedrejectedpbre theagpstream

Seci s etBraTe: LA SRR e ARy su % iy Shpss throush
thieecheabrarie. s dtitiomallyyothacloeasoleguldroveightaohites, sheh anssts and ions
cont i nuous

aﬁs&)ﬁqﬁ%ﬁ'ﬁ[ bzla%p?%oﬂ#% re?mgﬁmle Lrovidi ?/a 08 gur?ent Qgsaltmg of the

sbmnperature concentrations and ot her I|ke paraneters

a nultifunction X ti
r un ?s%rgglagplécgﬁanﬁl gﬁr c&n%thé%gplfm%gérdepsg?cégglﬁFe bRL o} fore other
sbiutksonaylbs added ehe upstteanuside to dxgbiange bglvertie AIsd) puM $abvent of
about 1M hydroxi de sol utions are used. The skilled
practitioner wll be able to bal ance the reaction
agai nst al kaline deterioration of the cellul ose.
H gher hydroxi de concentrations and hi gher reaction
tenperatures will accel erate al kaline deterioration,
| oner concentrations of hydroxi de and | ower
tenperatures will slow deterioration rate as well as 6
crosslinking 25reaction rate. Powder | i nk 1174,
Cynel 385 and simlar crosslinking agents
(rmul tifunctional N-nmethyl methnry conmpounds) crosslink
cellul ose through the hydroxyls on the cellulose with
an acid catal yst, such as toluenesul fonic acid. Oher
simlar acid catalysts are organic sul fonic acids and
non- oxi di zing m neral acids. Wak or noderately acid
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increase the reaction rate, the practitioner nust take
care not to cause acid deterioration of the cellul ose
menbr ane. The reaction between the cellul ose
menbrane and the crosslinking reactants can be done in
aqueous sol utions, either 100% water or mxed with

tsPkide 0§§d PUBS oﬁginﬁ sBRtiby hely heladged ede concentrated solute to
net hyl pent anedi ol ,, acetone, oth

ket one
R o ST e MROAAL 46k BB Maeculr tmpurties
HaQe BetelPibveliby paBidyedhiésyi thechgivBrinent and sol vents
suitable to their requirenents. The surface charge of
the present invention can be made to have a negative

charge, either thpewgbd Besiptish epthelnientiost ep process.
ocess, the 10char [

In the one ste nodi f yi n _
react’: @ﬁtmwegtl%g%@f'{t@t'% gnegRsang rr‘qmr?r%gs aaronst wf?% Geulopis
nieMibrah& Antelah@fih atsbsp&hlaweméi delmsbsrcﬁaémbmal@ made from a

conduct'ed before or after th ssl i nki n ?Q#g‘ge%}em

ceflylesip pitrafilraiqnaneabrage preferabHgm %%g‘ﬁl
SEPIANhicRGS MderperiiaPhETER tgffrefeli’@'lc%§ rﬂhétdhéﬂgé%@hﬂ}ﬂbﬁ\brane

or alkali netals salts thereof. X is hal o
capeadVbe Frasaliniingafeagtionds mnoeemembrag‘eia 3@*%% primarily by size
(§|ttb1f|@§\tﬂin¢ to aféa\ﬁhér@%tﬁdrrmerabmtwﬂheéﬁthé @af:eemhfeablscumd the

and tenperature are used to con a
Sﬁ%ec?t Riean LA r?JSCttor’]‘e°f§8|Pfe§cf§’s lfrﬁtéorirrg?ﬁ){”é‘f?é e

sBRi&d fbleBule Nigdt §tarPantkRMce BPESIGtethtb end btﬁeﬂ&ﬂhra&ﬁkﬁbrbthrddgh the

péagisg{aﬁgl? %? IR qﬁﬁ’%gbgs\rg fﬁqpm%ega%n@{gg@eo%gm%rane material and
tﬁ@inﬂﬁﬁbﬁ@f SHNHE b ﬂh@\p@r@smfarca CCharge @hd M(e@d&)d@numt &ffeéts on the

is a nandB ostlvel
splite # eI e ROt amsaot irseudh kR 1 @dantiss absentin
th§lam"eeécﬁé§bﬂ Wtr&kthetiob eh&rierafed MheRdorel wBen makity I@anoflltratlon

rrgqr,]r%?rjg Q? the, gg%s% %%é}g%@&rﬁgp be?l%ggﬁq(}sgsﬁe%vaas rgguced to obtain
a pdtusCRICARS irOWIBILIP Sol GRUS &bk YHateridl itlerendrsassre important, and
v&‘\/v\glelli_n , Whi ch can have g detrinmental effect on

L SIRRIOD STl BY S2e Wep npEing Gl BRNA5™ S or ossl i nk
and add charge sinmultaneously, if the crossllnklng
reactjon is ¢

] ed te wh t

o SRBoTSsfiaple i b8 pretenf e o as e hrce T Pl b gich as
pbh@’;h@lédéchﬁiﬁb@ﬂené’bﬂﬁélyéth@lﬂﬁhér Wtd)r:e Mrr]a«qlcepam bhoperation in

i ne or Si eachi n

s B do Rand i P SubRPaa et B E porosty for
flbﬁd maet:aarwcfal §Kﬂérﬁgtl‘$ amﬂeﬂ@l&ty had g@éambexblswemﬁlgtoe ﬂ!séd)lrltlon by

ertie 0 e a rki ng and econom,c Vi e
B resiverts SUPRAS o e e FoRBEn EBcsli iR, for
ekamble, polyolefiny, ﬁol&@tﬁ?lehéténéﬁlﬂdlatepOﬂﬂmhgmdSqu}mkdrs sbetdas

t.i on Sci en
oSN RE Y ERE o PISTEshsipp DT Gad icrBRorSa Fle has A T
pregsine degppost |@b_<'merdpbrfw? rrtdeflst::raﬁe hiaﬁe frofreditialsigh tdleaular weight
cont aj ni m xt ur extrans vi,n
HESlne R Btbi e Grases s s BT ub Rt asie 6.
cont azdleldsé ?%&Mﬁﬂ dalnmdaa‘ofrheﬂl\bymdﬁersronldasmgsdjflarcreﬂ!ldlose acetate
e, upstream sj.

oh e it e AR R ED RO PUTT R0 B kP Ry e G Floge Beifpsithen
order to run at |ow fl ux, and thereby elimnate
concentration polarization on the feed side. 10Sanpl es

of the perneate are exam ned for their nolecul ar
wei ght distribution
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(MAD) by size exclusion chromat ography. The resulting
distribution is conpared to the MAD of the feed
solution. A rejection at any elution volune can be
cal cul ated from - h(P)p)/ h(f),, where h(f),
is the height of the feed solution chronatograph at

hyd@d)l?ltéd)tb yélluoee by using afr{tn)ng bhasd sush & otsr»eNaamaabfeferred method
ution at volunme v. In this way a 15di stribution

of makiag gi ealglose uitrafilisationymembrane idescridedrip USpatent 5, 522 601

e
andseqyyultdd ntotamemirahec Theenembrarecisdren hydrolydelderith aodium

size can be cal culated fromthe nol ecul ar wei ghts by
hydrexide &9 farmptheqsze ?@oéﬁamﬁm FRA'Sui st, J. Chromat ogr aphy

28 lﬂﬁe? %%@mﬂosé rc‘:aWBegdﬁé@é(lvéd fr?écﬂﬁﬁér?i‘of"%lvédté 8uch as
ut I O MACO

distri curve IS genera ed neasur e
dimethylacetamide{DMACH ©r Mbmethyl @wrmhdw (WPQMrtbﬁ @ddition of a salt

sucharo I gh o BERen e A Iogs sobTgh oM sl ool (e Fembrane and
suﬂéégﬁéh‘ﬂ}ﬁelﬁﬁinlat@ﬂié' MékcPfor bBsEhydRydidie feed 25 stream |
l'ow pressure to be appli ed and an outlet for

percaelmlmsegulltmaltura@on’r@ﬂow fiher marobrangs candie made by spinning a

corlBNRHLD SR B RS SR S ol dotion o

dedigibed i USIPaent?la04v826) Aeimidtprocedsclirxbeeised td produce fiat sheet
Magnesi um sul f ate concentrations were determ ned by

megdiaNRs i vity. Exanples A Aqueous Solutions PLCCC is a
cel S £ Jfola" . -
Cor TR AP B Do B RS SN kR ose

ultraﬁltredonnhanblﬂamesy\smtgﬁﬁ examples ofisoseasfithe edrious triethods available to
manufacturer s literature of 5000 Dal!tons. BUDGE is
a PEﬁﬁt'Hﬁ@%f@cl higdt.yci dyl et her used as a crosslinking

ggg?oss% ng°§ Eﬁﬁ%g@%ﬁﬁ% Fﬂi %L}{Qr‘ \%i&ﬁE E%ffL{MWC@) values of

10,B0CC&ltoastiDaDE Is@Smoxe p&ﬁ‘erred |cellmlosalrrminmaﬂeszhave MWCO less than

st BsraisractDeticemns A CCEE, BASPIo4Eiinors Carpeatan of
B|||§ﬁé%%ﬁ§§gcﬁu§éﬁ§0 degrees C by rolling the menbrane

DGE solution in a glass jar 15 placed in a
t eneasatinkieg commees achelerogRAe ol rBaojion ibetween thendissolved

cro§§lng<{r?9p rgeaa'c tqn edﬁelﬁﬂ)erga gq?%f : nz%pﬁoqlvg%rgﬁgebaseh on an
aquEEBlisPrriMergafis IRsHt U &7 heGed Bs-BFRInRmbREaRL ePrle@érred organic
cont am nat i on. (l\/bn‘orane # 2 Menbrane 1 was teste

solyentsiare N-ajediayl inyrrotidonss girathytiasetantide, iimethyd sumxnée dimethyl -
0 the Dextran Test descri bed above.
for#ﬁﬁﬁﬂégégﬁ%rgﬁg&atﬁ at which 90% of the dextrans are
r ej Ppdiesl dro&dlihkes ér@biﬂ- @t' ﬁd.llil-mﬁlimbhal épadidewy E\xar’npbbmre
val ue for the PLCCC in Tabl e

epichlerahurar bRRaAIGglyReLFaRE (UBRE) Siyisnedisidgiveidy] sther
(E[B@EZ rgjlrhﬁe ﬂlyl@’ﬁ?ﬂ&&%ﬁ@éﬁ ethdrS, A bllahelfepSliget MBRHctional N-

accor
methyl methoxy compounds may also be used as crosslinking reagents. Examples are
Cymel 385 and Powderlink 1174, both available from Cytec Industries of West

Patterson, New Jersey.
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25 Test descri bed above. A 0.2% aqueous MgSO4 sol uti on
was prepared and its conductivity nmeasured to give
2.34 mlliSiemens (nS). The nmenbrane was placed in a
hi gh pressure filtration stirred cell. The 0.2% feed
sol uti on was passed through Menbrane 1 at a pressure

e T
60 %dmy We@hl’l,dﬁlth a prefeoedeangeatf abouf 1004 E#bbly842% Hhveighd.
71 dsiied Rracthares Sl e TG fho PHrIRGHASER 0 fgction temperature
anq?ﬁé%ﬁﬁérgﬁaﬁdlﬂ@ﬁs OG%ﬁﬁLd'g/ e reaEfkbrNﬁlPl*aRe'p‘faéé yed fadler rate at higher

was also tested for its
temphratites. tA largpersactian Vesss) Ml&cemnm mgre tmete reaclethe wmaction

tempBT LR anaq RO SR L IOReT RETGeS TR s lSHEregse reaction rate.
De&n’a"@gﬁ%%?ed&%ﬁ%%& £l praatonsmay a§élbﬁt§brﬂmuous flow, stirred
processed 5 using the same cell and settings as

or
tank be ommequ@nmmwe ediaet Oﬁmécha@&&jt%tbeunemhrma'ﬂ% Hﬁereby

corh Bt BB Piig BV EbE igop o rossinker e

as Well 85selivenfwilllafs6 PiHiCA v6l8 ih deterimining $€actionctime rIaYdmuyl ion activity
was recorded after bei ng processed w th nenbrane 1.

is anpther dmpartart reaetipn candid®Ne 2. 10B. Organi ¢ Sol uti ons

16??1%16(%"& {gact e@r&lse gngoIPutglﬁgtn OFHD@S‘% r1%Eﬁm}(?ﬁ’ed hours with

prefittetiedictibn dh@sﬁﬁ:abpbeulhegbButhodrss sTJIhe/ EEthIDnltﬂn be run at room
grans N- 15 net hyl pyrraolidone ans o o
temieeRiUre rangtmABoUHE03 wgarpéﬁérrédbt?m%arw@s belg from 25°C to
b@an |
aodTRBEFC1On by 0T PO e 08 ) g sl ey

incneesu\@sfoe géxampke mnetma%ﬁansfeofatest byaumhg anebritinuows wiebhor by further
200cc of MIIli-Qr) water. It i use
INCIEGS 1GRCHRY (4168 Eclintion tebetatien donge i isns Atk ofiae ke
par%g"% g@vent bacterial contam nation. (Menbrane #2.)
nbrane 2 was tested for its rejection of neutral
dextvhensa enuttifunctiomat €poxyf iswsedcther idiantion & tuneatiasia eenditions.

So{ uﬁ\t ordggtg%;gﬁﬁg oyﬁﬁa?&? ggpt\ér‘glly gxge? t jyggzaﬁ}')fa)bg%é‘qll\l?to about 1M
hydrSklﬁétsoILﬂfoﬁb@é@séa T8O BKiREY bradtitiofet willl iR dblete Giatiritg the reaction
he Retention Test described above. A 0.1% sol ution

agamstraikallnemen@ratlpndvdse pelbdesss dtigher hydvexige geacentstions and

hig Egﬁrie'&qpérgﬁe% RQ(%Z@%E%HB ?gg&?&g‘%@%@g %Fﬁeric;rgﬁorgglower concentrations
of @ﬂ‘réﬂéé andfiowélensperhtures Will slow detedoraxtioneate a8 el as crosslinking
hese data along with the flux and stir rate are shown

reactiomsdiee 3. The dramatic difference in rejection
see ffal o _
B e 00l SR EETE ek P8R8 unctona

meﬂWﬁMéthoXyﬁC@ﬂbb@ﬁds)WbsSl|hatcellhlese mhmughtthea hvdros(qlsnrethe cellulose
menbrane s i nportant

Wltb@@@?'%ﬂ@ﬂ%é“@@ﬁﬁ@@%%"'9§w Qh%ﬁs'ﬁf 'I(aﬁ agid catalysts are
org%?m'i#"%/%ﬁ)ﬁu ggﬁ-@g{m& @1%'(551: anC|d4$O Weak or moderately acid
conditidn, mip%bmmommré@pgrmtmf Acpréwrmﬂ:atakyst i8(Cycat 4040, a

o 08 SR B e | Db, TRRE 05 ke baRations may

controll ed hybridizer. After this perlod of time this
sol ution was discarded and a fresh solution with the
same conposition was introduced for 5 hours at 40

degrees C. The nmenbrane is washed once with 200 cc of 9
met hanol and twice with 200cc of MIIli-Qr) 10water.
It is stored until use in 200cc of MIIi-Qr) water

contai ning .01% sodi um azide to prevent bacteri al
contam nation. (Menbrane #3). Menbrane 3 was tested
for its rejection of neutral dextrans and its buffer
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20 Exanple 4 A pi ece of PLCCC nenbrane, 85mm x
165mm is treated with a solution of 40 grans of

et hyl enegl ycol diglycidyl et her (EDGE) di ssolved in 60
grans 0. 25M NaOH for 4 hours at 40 degrees C by
rolling the menbrane with the EDGE solution in a gl ass

mcr#aée e n_%a%ﬁ@tq rhe, th h&g@ﬁl;r SHetrius9aké @élleer%t% %‘ugé #@ld deterioration

rane i s was ee times wth cc of
oftrhé bélllul()}ebnemhrene It is stored until use |n 200cc of

bac h?r %Q L}?&Yﬁ Eloqrt],% UP%%:{%%&E'@@E@ % Lo Biki feactants can

be m naé’tgje‘bu‘é@%ldt%ﬂsegltﬁérﬁom/@ waRbesit mpedadithesivents such as
dextrans and its buffer flux accordlgé‘to t he Dextran

methykethyl ketorieh methypeatanediol raseteng, atheidiaienesatThigmligts not limiting.

A e 9B By g Epb R scnens

SU|t‘éB|éttthe|r:Péc§lﬂre$ﬁ@’ﬂ§ in Table 1 |s the buffer flux for
Menbr ane and the PLCCC contro Menbrane 4 wa

t es'lfhﬁzlsdliﬁcei ¢harggiof th@P%eﬁblnéé@'ﬂt'%Wﬁ hegrageto have a a3 negative

B, BV S0 Y50 o1 s 5 8 o, e

cha59é %dwmgm‘eacms mﬂaddddltol\lhﬁmrmmmgtsoﬁﬂmml .InAh¢ éwo step method,
ssi ng t hrough, Menbrane 4, b@Eo con ratlo
the rc@am,eeamdlag mthnuﬁéoae%teti TeihAteatng FoSMETang reaction.

COLS GBS 9k 15 B ol PEraBRE it o

conmporelst afahe strucfﬁkeé(céCHlam arrazlkali stetals isaltT #ereof. X ida halogen,
ool R SRk oAy b oLl ALk b e, rpnctan
cor‘%’ﬁﬂﬁégﬁ%@%gﬁz‘é{gcn{ﬂmﬂe hké‘béétgtd(éa#ﬁd? e Bhibunt of negative charge
added to the surfaces of the membrane.

Positive charge may be imparted to the membrane by the use of glycidyl
quaternary ammonium compounds and quaternary ammonium alkyl halides. These
molecules would have a structure of Y(CH2)mB where Y is a halogen and B is a
positively charge moiety.

In the present invention, the cross-linking reaction is preferably done before
charging, i.e., adding charged groups to the membrane, because as charged groups are
added, charge repulsion between like-charged groups causes polymer and membrane
swelling, which can have a detrimental effect on membrane properties. It is possible to
crosslink and add charge simultaneously, if the crosslinking reaction is controlled at a
rate where the crosslinked membrane resulting can restrain potential swelling by the
added charge.

Practitioners will be able, with routine laboratory work, using the teachings
herein, to produce nanofiltration membranes with the proper balance of pore size,
charge and other material properties to have a working and economically viable solvent

resistant nanofiltration membrane.

10
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control 2646 3.8 1 EDGE 544 0.2 2 BUDGE 1113
0.2 3 BUDGE 886 0.1

Dextran Test

This test is based upon methods published by L. Zeman and M. Wales,
"Separation Science and Technology" 16(3) p275-390 (1981).

A sample of wetted membrane is placed in a test cell. A feed solution containing
a mixture of dextrans having nominal molecular weights from 10,000 to 2,000,000
Daltons is contacted in a continuous flow mode or in a stirred cell with the upstream
side of the membrane. The permeation rate is controlled by a peristaltic pump in order
to run at low flux, and thereby eliminate concentration polarization on the feed side.

Samples of the permeate are examined for their molecular weight distribution
(MWD) by size exclusion chromatography. The resulting distribution is compared to the
MWD of the feed solution. A rejection at any elution volume can be calculated from
R2=(h(f)y — h(p)g/ h(f)y where h(f), is the height of the feed solution chromatograph at
elution volume v, and h(p)y is that of the permeate solution at volume v. In this way a
distribution of rejections as a function of v can be found. The relation between elution
volume and molecular weight of the solute is determined from the known MWD supplied
by the manufacturer of the dextran. Molecular size can be calculated from the molecular
weights by the relation of Granath and Kuist, J. Chromatography 28 p69-81 (1967). In
this way a rejection vs. size distribution curve is generated.

A measure of MWCO is to determine the molecular weight at 90% rejection
(R90) and consider that as the MWCO of the membrane.

Retention Test

Membrane discs were placed in a pressure cell having an inlet for the feed
stream and to allow pressure to be applied, and an outlet for permeating liquid. Tests
were done with dilute magnesium sulfate and raffinose solutions at 50 psi. Raffinose
concentration in feed and permeate were determined by HPLC with refractive index
detection. Magnesium sulfate concentrations were determined by conductivity.

11
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4 EDGE 602 0.2 TABLE 2: Aqueous Nanofiltration
Menbrane cross Feed % Before yo After % Reduction Fl ux
(I'mh/ psi) Nunmber |inking Nano Nano

Examples
A. Aqueous Solutions
PLCCC is a cellulose ultrafiltration membrane made by Millipore Corporation of Billerica,
Massachusetts. It has a rated molecular weight cutoff as specified in the

manufacturer’s literature of 5000 Daltons.

BUDGE is butanediol diglycidylether used as a crosslinking agent.

EDGE is Ethylene glycol diglycidylether used as a crosslinking agent.

Example 1

A piece of PLCCC membrane 85mm x 165mm, is treated with a solution of 40
grams of ethyleneglycol diglycidylether(EDGE) dissolved in 60 grams 0.1M NaOH for 6
hours at 40 degrees C by rolling the membrane with the EDGE solution in a glass jar
placed in a temperature controlled TECHNE HB1D hybridizer. The membrane is
washed three times with 200 cc of Milli-Q® water. It is stored until use in 200cc of Milli-
Q® water containing .01% sodium azide to prevent bacterial contamination. (Membrane
#1).

Membrane 1 was tested for its rejection of neutral dextrans and its buffer flux
according to the Dextran Test described above. The molecular weight at which 90% of

the dextrans are rejected (R90) is tabulated in Table 1 along with the value for the
PLCCC control. Also shown in Table 1 is the buffer flux for Membrane 1 and the PLCCC
control.

Membrane 1 was tested for its ability to reject MgSO4 according to the Retention
Test described above. A 0.2% aqueous MgSO4 solution was prepared and its
conductivity measured to give 2.34 milliSiemens (mS). The membrane was placed in a
high pressure filtration stirred cell. The 0.2% feed solution was passed through
Membrane 1 at a pressure of 50psi-and a stirring rate of 150 rom. The conductivity of
the filtrate was 0.68 mS which corresponds to a concentration of 0.04% MgSO4. This is
a reduction of about 80% of the feed MgS04. The flux of this membrane during the
nanofiltration experiment was 0.24 Imh/psi. This data is given in Table 2.

12
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MySO4 0.2 0.18 10 0.65

Membrane 1 was also tested for its ability to reject raffinose according to the
Retention Test described above. Raffinose is a small sugar molecule with a molecular
weight of 594 Daltons. A 0.1% aqueous raffinose solution was prepared a processed
using the same cell and settings as for the MgS0O4 experiment above. The feed solution
and the filtrate were analyzed for their raffinose concentration by HPLC using a
refractiveindex (RI) detector. A 91% reduction in raffinose concentration was recorded

after being processed with membrane 1. This data is shown in Table 2.
B. Organic Solutions

Example 2

A piece of PLCCC membrane, 85mm x 165mm, is treated with a solution of 20
grams of butanediol diglycidylether(BUDGE) dissolved in 40 grams N-
methylpyrrolidone and 40 grams of 0.5M NaOH for 90 hours at 24 degrees C by rolling
the membrane with the BUDGE solution in a glass jar placed in a temperature
controlled hybridizer. The membrane is washed once with 200 cc of methanol and twice
with 200cc of Milli-Q® water. It is stored until use in 200cc of Milli-Q® water containing
.01% sodium azide to prevent bacterial contamination. (Membrane #2.)

Membrane 2 was tested for its rejection of neutral dextrans and its buffer flux
according to the Dextran Test described above; these values are given in Table 1.

Membrane 2 was tested for its ability to reject raffinose in isopropyl alcohol (IPA)
according to the Retention Test described above. A 0.1% solution of raffinose in IPA
was processed with Membrane 2 at 50psi. After passing through Membrane 2, the
concentration was reduced to 0.029%. This is a decrease of 71% relative to the feed
concentration. These data along with the flux and stir rate are shown in Table 3.

The dramatic difference in rejection seen for raffinose in DMAC compared tp
isopropyl alcohol demonstrates that pore size alone does not control rejection, but that

the interactin of solute/ membrane is important.

13
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1 EDGE 0.2 % MgSO4 0.2 0.04 80 0.2 PLCCC
control 0.1%raffinose 0.1 0.08 20 0.65

Example 3

A piece of PLCCC membrane, 85mm x 165mm, is treated with a solution of 40
grams of butanediol diglycidylether(BUDGE) dissolved in 40 grams N-
methylpyrrolidone and 40 grams of 0.5M NaOH for 40 hours at 24 degrees C by rolling
the membrane with the BUDGE solution in a glass jar placed in a temperature
controlled hybridizer. After this period of time this solution was discarded and a fresh
solution with the same composition was introduced for 5 hours at 40 degrees C. The
membrane is washed once with 200 cc of methanol and twice with 200cc of Milli-Q®
water. It is stored until use in 200cc of Milli-Q® water containing .01% sodium azide to
prevent bacterial contamination. (Membrane #3).

Membrane 3 was tested for its rejection of neutral dextrans and its buffer flux
according to the Dextran Test described above; these values are given in Table 1.

Membrane 3 was tested for its ability to reject raffinose in N-methylpyrollidone
(NMP) according to the Retention Test described above. A 0.1% solution of raffinose in
IPA was processed with Membrane 3 at 50psi. After passing through Membrane 3, the
concentration was reduced to below the detection limit of the HPLC equipment which is
0.005%. This corresponds to a decrease of at least 95% relative to the feed
concentration. These data are listed in Table 3.

Example 4

A piece of PLCCC membrane, 85mm x 165mm, is treated with a solution of 40
grams of ethyleneglycol diglycidylether(EDGE) dissolved in 60 grams 0.25M NaOH for
4 hours at 40 degrees C by rolling the membrane with the EDGE solution in a glass jar
placed in a temperature controlled hybridizer. The membrane is washed three times
with 200 cc of Milli-Q® water. It is stored until use in 200cc of Milli-Q water containing
.01% sodium azide to prevent bacterial contamination. (Membrane #4.)

Membrane 4 was tested for its rejection of neutral dextrans and its buffer flux
according to the Dextran Test described above. The molecular weight at which 90% of
the dextrans are rejected (R90) is tabulated in Table 1 along with the value for the

14
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1 EDGE 0. 1% raffinose 0.1 0.009 91 0.24 5 TABLE 3:
Organic Solution Nanofiltration Menbrane cross Feed %
Before yo After % Reduction Flux (I nb/psi) Nunber

i nking Nano Nano
PLCCC control. Also shown in Table 1 is the buffer flux for Membrane 1 and the PLCCC

control.

Membrane 4 was tested for its ability to reject raffinose in N-methylpyrollidone

NMP) according to the Retention Test described above. A 0.1% solution of raffinose in
( g

IPA was processed with Membrane 4 at 50psi. After passing through Membrane 4, the

concentration was reduced to below the detection limit of the HPLC equipment which is

0.005%. This corresponds to a decrease of at least 95% relative to the feed
concentration. These data are listed in Table 3.

TABLE 1: Membrane Characteristics Before and After Crosslinking to Form

Nanofiltration Membrane

Membrane | cross R90 Buffer
Number linking | kDaltons | Flux
Imh/psi

PLCCC control | 2645 3.8

1 EDGE | 544 0.2

2 BUDGE | 1113 0.2

3 BUDGE | 886 0.1

4 EDGE |602 0.2

15



filtration filtration PLCCC control 0.1%
Raf fi nose/ I PA 0.1 0.09 10 0.008

TABLE 2: Aqueous Nanofiltration

% % % Flux
Membrane | cross | Feed Before | After Reduction | (Imh/psi)
Number linking Nano Nano
filtration | filtration
0.2 %
PLCCC control | MgSO4 | 0.2 0.18 10 0.65
0.2%
1 EDGE | MgSO4 |0.2 0.04 80 0.2
0.1%
PLCCC control | raffinose | 0.1 0.08 20 0.65
0.1%
1 EDGE | raffinose | 0.1 0.009 91 0.24

5 TABLE 3: Organic Solution Nanofiltration

% % % Flux
Membrane | cross Feed Before | After Reduction | (Imh/psi)
Number linking Nano Nano

filtration | filtration

0.1%
PLCCC control | Raffinose/IPA | 0.1 0.09 10 0.008
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10

15

2 BUDGE 0.1% Raffinose/IPA 0.1 0.01 90 0.008 3
BUDCE 0. 1% Raf fi nose/ NMP 0.1 <0. 005 >95 0.01

0.1%

2 BUDGE | Raffinose/IPA | 0.1 0.01 90 0.008
0.1%

3 BUDGE | Raffinose/NMP | 0.1 <0.005 | >95 0.01
0.1%

1 EDGE | Raffinose/NMP | 0.1 <0.005 |>95 0.01

Prophetic Charged Nanofiltration Membranes
Example 1 — Negatively Charged 1

A piece of Membrane #1, 86mm x 165mm, is treated with a solution of 22.5
grams of bromopropylsulfonic acid sodium salt (BPSA) in 100 grams of 0.5M NaOH for
4 hours at 25 degrees C by rolling the membrane with the BPSA solution in a glass jar
placed in a temperature controlled hybridizer. The membrane is washed three times
with 200 cc of Milli-Q® water. It is stored until use in 200cc of Milli-Q ®water containing
.01% sodium azide to prevent bacterial contamination. (Negatively Charged Membrane
#1).

Example 2 — Negatively Charged 2

The same BPSA reaction conditions as in Example 1 are employed except for
reaction time which is allowed to proceed to 16 hours. This produces a sulfonic acid
modified membrane with a higher amount of negative charge compared to 1 above.
(Negatively Charged Membrane #2).

17




10

16

1 EDCGE 0. 1% Raffinose/ NWP 0.1 <0.005 >95 0.01
Prophetic Charged Nanofiltration Menbranes Exanple 1 -
Negatively Charged 1 A piece of Menbrane #1, 85mm X
165mm is treated with a solution of 22.5 5 grans of
br onmopr opyl sul foni ¢ acid sodiumsalt (BPSA) in 100
grans of 0.5M NaOH for 4 hours at 25 degrees C by

rolling the menbrane-with t SAsoI i on aglass
jar placed in a ten‘(é%*%mﬂlg P§lt|V&j QPd zer. The
e R R B8 (T8 8 15 grams

of @V-25%canisaiusisofutiof Bi’cgmtﬂylltmr@mw@nhmnﬁmﬁ\éhmme (GTMAC) 10
bact eri al ﬂ&"lt am patiqn. r%I\Iegat i vel Char ed Menbra

9rams gyame;eh HY| NaOH, andy/R 9 msyofmteg 32hth§ aéaﬁ@espeys C by rolling
thé ﬁfé?ﬁbr@ﬁe YRRhE PTNARSs It i@h'?élgsé f"’ﬁ éﬁm%%mh%’t% erature

except for reaction tine to pro
contyolle’l hyhridizer Thing manolorace ss washedl three tiecasdwitro 200 ice df Milli-Q®

T e
préiant baEeABPESht8mindtiof {Q_F’d‘s‘i?tl\@va@ﬁﬁrge MeRibpsrfe #1.

Menbrane #1, 85nm x is treated wth asc))lutlon
of 15 granms of a 70- 75% aqueous sol ution of

lycidyltri hyl h de..( GTNAC 5
o o1 1M NaG - a B REahs BeSINE bR haurs: at
25 4REILhA% §TWA¢ ‘?eédti'&ﬂ %ggféﬁ%ﬁﬁx\g@}r g{%ﬁe@% except for

solutron ina
reactionrtohe ammh!y\has ellla\eed toTpnceed’m a6 douss. mpmdubesa quaternary
It is

ti i th.
ariPRm faodiRO Sodebrane WAl P.h%ﬁ%)awrg of Besilive AhAgs epmpared to

ab§9é“(@'6‘sﬁ&él?%ﬁé?g@6 RASbrapR G rl al contani nati on.
(Positively Charge Menbrane
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10 Exanple 4 - Positive Charge 2 The sane GIMAC
reaction conditions as in Exanple 1s enpl oyed except
for reaction tine which was allowed to proceed to 16

Wﬁ%#{)e c|a|;|;r“ S pr oduces a quat ernary amoni um nodi fi ed

rane'wi th a higher anount of positive charge
conpared to 1 15 above. (Positively Charged I\/terrbrane
#2 What. we claim 1) A nanofiltration nenbra
a)irpr/i\ sanRfilteation mamRPrags, GPPrisiRGR 30@p5§g;ppqqtk@§i a crossllnked cellulose

cell %@ﬁnﬁra‘ﬁ@ﬁ?‘i&é@r‘é%itfﬂh%@u@boﬂa@@r Wherei DR renh sHiEs retalns solutes
wherein said nmenbrane retalins solutes of greater tha

200 CRGFH thafh 2P Paltans; wheivakh Bembiafla uaprises a cellulose

cell %I@ﬁﬁtrat%n%érﬁ%hé Péa%féoﬂﬁltH'@Hﬁﬂtmﬂﬁ:tlblﬁ?aﬁ‘ét'&ﬁllrwdlﬁ&re%?ent through
mul tifunctional crosslinking reagent throu r oX

o DuROTS STB0E R SUMGEEoss LGS, UaHEIONGIABY Whereby suficient

wher eldrdiy féHon@é\‘é I&¥Y Oira%dted 85 SroRiRle @ 1y dtdphllic WhegrRBrah& dnd wherein
to prOV|de hydr ophi | i ¢ menbrane and wherein said

e nbrSREMERbANEAR P98I SPbRNt 1e8Sta -ant . 2) The nenbrane

0%) C Bidmémbrinelt? ClfAMPUHREMNDnbrRRYH hagtiv/§drRe. charge
charge 10cheni cal | y bonded to its surfaces. 3) The

menbraREIHY bpaded © IS $HITRS conpri sing a positive

sgy f apR rﬁb@b%e&?da @'IBlﬁﬂ' futh&spiastising d pasitve shias&schatge
The nmenbrane of claim 1l wherein the support |ayer is

f or nekheBrcHly RPRI&SHS IS 8RS Pbr ane. 155) The nenbrane of

chyi nTre MERBRING df BRI YRRREIn iRY&Ippb# 14yeF FEEmREd & a microporous
m cr opor ous menbr ane and wherein the m croporous
nenbrBf8Peconpri sed of ul trahi gh ol ecul ar wei ght

PY) YetHayhemsrant)of ERfn ARVHRFGA ﬂw@éupﬁbbﬂ"é?ells\/ﬁbmﬁéﬁ &F & Mroporous

porous support is faormed of a woven fabric or

non- WBYRRANSHIFAVEFRIN eBIREARORRIS meTPTPRE eATRTRRE o6 pitrahigh

cl ai mdiethiar weighttdofyeiieies support is forned of
pol yet hyl ene pol yet hyl ene tere ht hal at e or

fPuor themegb b?@p \WrElaim g whergd g%smpogp%qumgd of a woven fabric or

wher ed Rori- wgvmaaﬁéaﬁwawmbraﬁe f ormed of
pol ytetrafl uor oet g%l ene. menbrane of cla

R oThe DRBDBRGY S A ainerdia HEopaIpEs SUppos S [o5og oLty lene.
t han gHptiadrieaBephilatéon@ titieithatdd gyt ng or gani ¢

sol utes from organj ¢ agqueous or agqueous- or.

sO1 veltte @6’]“9@"&% clashg ﬁ’Yhﬁr‘H@ t%%%@%“ﬁ?@”é%ﬁh’f‘?ﬁ R

cont %d]ytét%fﬁﬁﬁ)eﬂg}[éﬂees t hrough a nenbrane of cI ai m 1
1&) The nethod of claim 10 wherein the sol uti [

S
arT*lf’r'B%’ﬁP@@cﬂ 9@!&‘ 1 V‘&*‘G‘i%‘ thenmemRrsdeFnss° t?ﬁ ‘ifoa size greater

V\,her ahan sb@Dagdrgt i on 1s a dipolar aprotic solvent. 13)

The nmethod of claim10 wherein the solution is a _

m Rt L Brediodaf e aYng BIGANICEHOlERS EOra Graasif aquepys ompgueous-organic

met hageht %I@idﬁ’sjeg ‘ﬁfﬂﬁﬁ? Istélﬁ’@th%@oHItlbﬁ’&oht&n%g’fhé*sHl‘U?es through a

of aqueous di polar aprotic organic sol vents
membrane of claim 1.

11) The method of claim 10 wherein the solution is a polar organic solvent.
12) The method of claim 10 wherein the solution is a dipolar aprotic solvent.

13) The method of claim 10 wherein the solution is a mixture of aqueous polar organic

solvents.

14) The method of claim 10 wherein the solution is a mixture of aqueous dipolar

aprotic organic solvents.
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