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Sol vent Resistant Nanofiltration Menbranes Cross

Ref erence to Rel ated Applications The present patent
application clains the benefit of U S. Provisiona
Patent 5 Application No.: 60/837,381, filed on August
11, 2006 and is hereby incorporated by reference in
it's entirety. Field The present invention relates to
a sol vent resdvenitResistantNanafiittatiombtemolkanes 10 naki ng
it. More particularly it relates to a sol vent
nanofiltrati on nenbrane and nethod of naking it.
Background of tgedsRéeferémie fNaRektdd ApplictiohdF)
menbranes have retention characteristics in the range
15 Tihet pregentipateat applicativn slaimg the benstit ofdiSsiRyovisional Patent

ApieRfor Npe R BB YiBIRR A3 200k DB Bty ipgarporated by

refef@hacinl it enttegit range of approxi mately 200- 1000
Dal tons. The ability to renove small organic nol ecul es
has led to nmuch interest for applications in
pharnaceutical industries. Igdgqrticular, there is an
interest in operating in organic solvent streans to
seffheapresentinvemivre@lates ts acdohamnt 28sistamt megmiorane and a method of

antibjotics an eptides f I c_.sol uti -
malgi EoMyp BarGRai [eiaiesna SONETTRROSREISRITPTByAT and method

of i i [red for econom cal operation. Polar organic
sol vents, such as dipolar aprotic solvents,
particularly solvents such as N-nethyl pyrrolidone

NMP), di met hyl acet agi d__di net hyl sul f oxi d
(DVED) ar 6 used as. SAGEHIE tedfenBin char ol o o
r eagdridfiftbation (RfF)FRERLPARTRORUIIERIch eiitas@riefieeN 1halrange

(for exanple, pyrethroid insecticides) industry. These
betweewr uiti@filttationeands raMerse esmesiss dNandfilisatipgaembraneserg ysed to

8 oA PR o T BB i o o

approxigiatele 200114008 Baltdris. TRRY abiip} ioceimavessmall orgidi¢l mtecules has led
useful for the nmenbrane to operate with 30 aqueous

to mish intasesidor applieationsdn pPhatmaeryiticahindustiiess dn parisidara there is an
inteP&¥t 1€ Bpe RGN brganic solvent streams to separate small molecules such as
synthetic antibiotics and peptides from organic solutions. In these types of applications,

a high permeability is required for economical operation.

Polar organic solvents, such as dipolar aprotic solvents, particularly solvents
such as N-methyl pyrrolidone (NMP), dimethylacetamide (DMAC), and
dimethylsulfoxide (DMSO) are used as solvents or media for chemical reactions to
make pharmaceuticals and agrochemicals (for example, pyrethroid insecticides) “
industry. These powerful solvents will cause severe damage to commonly used
polymeric membrane filters made from polysuifone, polyethersulfone, polyacrylonitrile or
polyvinylidene fluoride polymers.

In many applications, it would be useful for the membrane to operate with

aqueous mixtures of solvents or with both aqueous solutions and solvent based
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solutions in series. For such uses, hydrophobic

menbranes are not useful as they have very |ow

perneabilities for aqueous sol utions. Low aqueous

permeabi ity in hydrophobic NF menmbranes is shown in

Advances in Sol vent-Resistant Nano filtration

c /.
ol s, il subh Log TR PBhop e Merpburkblare it usefidhas they have
very Mquleaheabmtles fErdquenus saquss/mmaqueolmpemmeﬂ’mlltwn hor
stalljzation steﬁl%ln ot h a
I

nydrpPaRiSNF BIREREGPS P BORBR AL SR oD P T Nanofitration
Menl’lﬁ'bﬁé‘% Allll)g%vt in@sdY o4 450y 7Pd3. | tration, which

canno ne W th an evaporation step. Operators are
al Adypibhleusecfoe tudsenmemisahewist to ancentjatenprodugiseingirganic or

s o B B OB procees
operBf&H¥ e '&Bl@td r‘é‘?ﬁdveCI%W ﬁl@lecﬁl%twélgﬁﬁﬁ%ntlleﬁ dridesalts by dlaflltratlon

processi ng of peptides and ot her | ow nol ecul ar wei ght
whichragamiot be alomeesith ahevapa@mntgte@f QpesatossrBreyalsotablgéo exchange

I i e T ey

l4de PARIM Ragh BeasbREOSAILR fovlohse ailowertapital cost
ep ﬁdaw ng a very‘g w bi rldl ngagﬁacm? such P! process.

rolretbe msfses.sang\népea@dea/am@ pihssilew anelecuar wpight groanic solutes, the

car B AT o BERIER B0 RN ) Rt SO bounc

the l%bh’ﬂﬁﬁné ‘l&vl/él%éi’nﬁé#ﬂ’llt?%ndaébaée y@lcﬁb* irrsl@rsibty Isiting soiste.
di met hyl acetam de with lithium chloride., Wen

Ceuulpgess wnﬁé@owrb@s havipg @ very lewdindiag surfage é?fc%uqhdnglﬁ@liles
an t
e B RBFREH 3 o R TN e urhebhietionn o be oy

blndlmin produced because of the difficulties invol ved in
a porous NF nenbrane from cellul ose. Rend

| nCefillpseansotyenbatables beingseolblesonly ft #Eeag SP'&Pnﬁq%lch as carbon
s EERBORE oEF SRSy 3E RAEIEAY HACRED voen iinkea

celluiBé& hadleven |6 lenbleﬁcyato:swell; landks th}ere’@eaa goutl eandidate for a

bl ocki ng agent. The use of a Ckl n
SolvantSebleNF masbatns 19 At o0 senuRREAl ERbIATE Ars hop Produced
bec%%e%gléﬁ%foﬁﬁﬁaﬁgsqﬁ\/@l\%jd i\ ﬁ’l’éﬂlngl‘%‘ Bgludéﬁl Nglﬂﬁélﬂﬁrérlé ﬁ’Bﬁl cellulose

€ menbrane nater| ' ocki ng agents

caRerdafl, inddStRatenid® 864 239 dexd:ribﬁst apracesatfer ihal prepargtion of a

can contam nate the PUI‘I i ed m?a,[
cellulosic semipermeable membrane from a orm ation containing a cellulosic

membrane material, a cellulosic crosslinking agent and a blocking agent. The use of a
“blocking agent” is undesirable because it adds unnecessary complexity to the process
and an additional chemical change to the nature of the membrane material. Such
blocking agents can also add to undesirable extractable material which can contaminate
the purified permeate.

Wan, in US Patent 4,853,129, describes regenerated cellulose membranes for
separating organic liquids, such as ketone dewaxing solvents from dewaxed oil.

Reacting regenerated cellulose membranes with a bifunctional reagent results in
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Wan, in US Patent 4,853,129, describes regenerated

cellul ose nenbranes for 30 separating organic |iquids,

such as ketone dewaxi ng sol vents from dewaxed oil .

Reacting regenerated cellul ose nenbranes with a

bi functional reagent results in 2 inprovenent of the

menbrane's selectivity in organic liquid separations

applications. Wn states that the process al so serves
imprloverfeht of tHememyistanesi deledtivity i otdenicriadid separaticasdpplications.

Warhgiateshal i poceps A4 ouer &0 etk e g e R GRcP iy membranes,
om0 QSRR B (015 Bl R g v e st
reaotfi@he nosatw@rr?qphysdrr?gy gsalipg intnoduoed by the prasslinking agentinSsich

of water. e g in the W t h . .
mermyaRge AHIg AL B8 SLADE 105 Uk Wik WaleE 2PUtinaPqh solkions,yith
apphed] e%fmédrﬂg‘o?ﬁfé%r. 300 -600 Daltons of 55% 90%

( ecu ight d

ar weig ata from concurrent patent US
4, The, fémbranesinehedVanpaterd have rejectionivalusisefor oils ofimolecular

.10 high | dd j .
welé]gﬁ lljllf glﬂ Mqﬁgﬁ%b@ﬁ)gﬁﬁ t—é(?](? bgﬂga% gﬁf)g%-éggl 3(Mr,alecular weight
datffrghf@orﬂzt{ﬁ’e?ﬁ?_ﬁferft S B0 A) CIHESE rejdthieAs af& hbtis@itble for the

ydrate ultrafiltrati on menbrane conprising contacting
highavalat laddedeprogudctatof phasmbeeuticahmanufactiisous al kal i ne

T et ab S Pl ey i aTe BRI e Fogs LAY s finked
cell{l)lbgé‘hvaFatéwréﬂltré’ﬁ(ﬂ?ﬁ@nﬂr%né@omtﬁng Boritaetifgaddllasedsydrate
eing'technically difficult and expensive. reover

memgearnedw'ttlatae@queoalﬁ adkaliner salietiast ofa watenaaluble igpoxide  Besides
_that . i fy.the.hi .
o 55 A e it o R e of oranc

solVaRY€in the'reasishs a&bemig tebhhicaly diffcultririd éxpensive. Moreover, Beer
ultrafiltrati on nenbrane. Charkoudi an

statap 5 arnobjontves of hisaasa iisica bropess dbatidaasaal mbaty the high flux of the
e BbE L S oeiis TS A ARBE sENEECk b Aifhave increases
ity gttt Tl
corkgharkprgananBSEtSRtcARRcRlPRS {1 00 RERDO A ARG, eadhes

crobg BRI DA oA TP rangs et et
the hiftelfMp&tidr strirstlibem®f the membranes. ,

US Patent 6,113,794 describes a nanofiltration composite membrane comprising
a substrate ultrafiltration membrane formed from non-cross-linked ethylenically
unsaturated nitrile polymer, and a porous coating of a cross-linked hydrophilic polymer
having a molecular weight of 20,000 to 2,000,000 and containing reactive functional
groups, formed from an aqueous solution of the polymer containing 1.5-2.5% wi/w of the
polymer. The patent is directed to chitosan coated membranes that are completely
dried before being crosslinked. This will produce a dense film rather than a porous

membrane.
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25 having a nol ecul ar wei ght of 20,000 to 2,000,000 and

contai ning reactive functional groups, fornmed from an

aqueous sol ution of the polynmer containing 1.5-2.5% ww

of the polyner. The patent is directed to chitosan

coated nenbranes that are conpletely dried before

bei ng crosslinked. This will produce a dense film

rather than a _porous nenbrane. 3 The US 6,113, 794

patEe USdhib3.704 Ratent GaneRt B pispd witlpaigples apbpisesalvents such as N-

me@\&ﬁé\b d&ner@td%bt é&&éh@ﬁeﬁqs@'é@h%lﬁéWﬂﬁlﬁsolve the

S LY, s Wi suppor

suppoet |dyaatarWdéétmycmwmposlt&aﬁbnﬂDme Quo et at in
Chi nese Chem ca tters, Vol (10)

ToifBie 6t ghin iapes hﬁﬁwpa{d-fqtt&rSg Vi b1 Bfhn §56:842 1994 reports on
cro%%fﬁwr?r\ﬁﬁgoé"b&fé %ﬁ%s% %?al’?t%ﬁﬂﬁlth §9| %Hde?ﬂu% Aikaline solutions of

propane or| epi chl or r|n
epoxyhﬂmopaae olr\mmiet(epd:hiamhydrin)nﬂtl‘geses*eqambmnmereSusﬂd for affinity
| ar pore nbranes woul d not

b
SepREANS: oSUg A T 96}, b8 Sullehi® g Fhall molecule
sep*ahﬁjodﬁ%t 8R4 tére!id nBaeHen ftwatrfﬁg %etHbH cBlid be agwfb RfakdF

ranes. 10 Severa p ent applications and articles
ultraféitretitre enNbubnemtinanedhy aut hors primarily associated

on SHE LhST STIRBIEL and A Sme A ESDRURSs5Sy ACHErs primaril

ass%@%ttéd ﬂntﬁ @KSS@&G@?&W%ﬁ%WFH&s@ dllodb;%élr k6lBe beREHIrPhe same
| ose- hydr Ic\)%éet her, such

techy@o@%y@hhyhequd &7&06% ro@)asqoa spbstrateanembsare with@ low solids

solgfe] o hippd bR FhE aF i By Gy R optghopy
cell@ldskeChRd ktier) &9eSiink thé%&tmgméﬂeﬂy‘w prgfetatﬂfi @bcﬁélehyde to the

et al report on nanofiltration of v&get abl e oi

pointceftwater insohpilynivan edicle ihdARES Val (G#% pp83-87 1999 Zwijnenberg

ot b4 8350 R 4t b, RGN G 1A g Bhoranes

withy ageélaidse- typka‘l mﬁﬂawl”VBﬂM@anmhe T@@hhulbgﬁ#mymw -8 1999, Ebert et al
menbr anes i n ich the performance of the cell ul ose

repppt@n nanafiitation ‘PfqugﬁFﬁ‘td%l‘?d%d’ §9|V?W§ with qutljg@peﬁ)(pﬁdﬂembranes in
whlﬁﬁ@ﬁé bbﬁaﬁn? ﬁ'hgsc%lln%%‘i @'aﬁés ‘n‘illbfeﬁ@écfﬁ the
cl'ass™o cell , _as tan

rom reg ner at
crosslinkiny mndlﬂlmg eCelidoseydrokirethersiaeca diffengnttdiass of material from

reggﬁélg i g@ &q‘jgs'eé%ﬁﬁ&'gh ‘Bﬁgh@)@fgt" Os%tqhﬁ/ ﬁgr%xgeestcrrllglrnsg the material
as cellulose-like. Cellulose hydroxyethers are water soluble and can be expected to
behave differently from regenerated cellulose membranes in operation. The
membranes made from cellulose hydroxyethers are formed from thin dense layers and
will have a different structure than the regenerated cellulose made by phase separation
methods.

The inventors of the present invention have found that by using a porous
ultrafiltration membrane as a precursor, and carefully controlling reaction conditions so
as to maintain sufficient hydrophilic nature of the membrane, they can produce a solvent

stable cellulose nanofiltration membrane capable of operating at satisfactory flux in
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behave differently fromregenerated cellul ose nenbranes
in operation. The mnmenbranes nmade from cel |l ul ose
hydr oxyethers are fornmed fromthin dense |ayers and 25
wi Il have a different structure than the regenerated
cellul ose made by phase separation nethods. The
aq ébvu%néo‘?ut?or%f |ﬁcp§d|ﬁ§ %ﬁﬁ@ﬂjé R¥Raht AibEorf 9eRds [WRchBY also low
porous ra ration nenbrane as a
blnarmrdganlcwdnamfrﬂlsul l'y controlling reaction
conditions so as to maintain sufficient hydrophilic
nature of the nenbrane, they can produce a solvent 30
stabl e cel l ul ose nanoghh{rﬁ%@ d}qhgﬁm@,@ﬁ capabl e of
operating at satisfactory fl'ux in 4 aqueous sol utions,
i lnCTI'heI ipngs e iraa@ndion dé ae:nrossriuxkeﬁ esllmseahamfﬂtratml gtemkrane
al so 0 _organic t.eri .Su
caRaRls oh{ BpHTG ROHER AT BN SoNFENE B RABPRE 8Pl qtfaqivents.
aql‘f&% é@cﬂﬁﬁoﬁ?%fd' Mx"ttﬂ%b‘?ﬂ? WEREPARD 81 é%ﬁ@@@l'v@nféf filtering
utes fror organi c sol vents, mcqu di ng di pol ar

apr The enembranet eompaspsaobdzalmmg atprefesmedrebrolis suppert éapable of
wat er

o B8 3205 T8 ISR SF remoran on s
su@&ﬁ a%ﬁoo&oh Ilrﬂdnﬂ?{rfy céll%'ld’ié rﬁeﬁfﬂr&ﬁéﬂiﬁa doRfroiled nﬂanner so as to

ose u traf| tration nenbrane on said 10 sup
reraten the castiltank hagofiltiatior Mamiyaseraapabienef rentalam@cﬁqlut@mowreater than

as to render the resultant nanofiltration
abgih4Hit Raft

'& abI e of retaining solutes of greater than

abop‘t r%%?ré@éﬁ*fb@%hmé’nt%f&ﬁ@M@ﬁb%ﬁ&ﬁbﬁﬁmlcﬁpd@@s membrane capable

menn rane has a m croporous nenbrane capabl e
of opemonmmdlpolm arptie salyeots as asuUppAtts Angose @i@‘ﬁﬂﬁd empodiment has

o e b B P B b8 e T ISRy povetnvns

as oS | ene as a support. In an enbodi nent, the
cel lulose ultrafiltration precursor menbrane has a
nol &tanambedigient,dhe eeflulese ulEfilration presUrsosgagmbrane has a

et Seiph ARt TR and BB TDetds O e trane
POWM hAightbsdimesk, lthé@ﬁn@ﬁhﬂaﬂbﬁmmbm corprisgea dydeophilic
nalngfiltration membrane comprising crosslinked cellulose capable of operation in
dipolar aprotic solvents.

In an embodiment, the nanofiltration membranes comprise crosslinked cellulose,
capable of operation in dipolar aprotic solvents, said membrane comprising a cellulose
ultrafiltration membrane reacted with a multifunctional crosslinking reagent through
hydroxyl groups in the glucose units, under conditions whereby sufficient hydroxyl
groups are left unreacted to provide a hydrophilic membrane and whereby the resultant
filter is a nanofilter.

In an embodiment, the nanofiltration membrane comprises hydrophilic
nanofiltration membranes comprising crosslinked cellulose capable of operation in
dipolar aprotic solvents, suitable for removing organic solutes of greater than about 400

Daltons from organic solvent solutions.
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di pol ar aprotic solvents. In an enbodi nent, the
nanofiltration nmenbranes conprise crosslinked

cellul ose, capable of operation in dipolar aprotic

sol vents, said nenbrane conprising a cellul ose
ultrafiltration nmenbrane reacted with a nultifunctiona
crosslinking reagent through 25 hydroxyl groups in the

gl udas embodimentdite inwerdioni comspridesra metised bf @neoting organic

sl S5 ordi e Dan S Aol bkl sl tfuthos coporsing
passirfy halitidrethrolgh &R smﬂicrmaésnnk% c@ﬁ@l@&é Inahafiltraflon

menr ane conpri ses hydrop [Tc nanofiltration
membbane s2id orepnbranagompsising akelulose uliradieationpapmbrarie capable of

atlo ol,ar .aprotic solvents, suitable for
OR%H{B '8?%5%%0(1&9%%{9& ‘'of greater than about 400
Dal t|anh ém@ﬁd@rﬁ@ﬂn’dh@ iRENtRIAL coTRbriddso method BF @ﬁnovmg organic
enbodi nent, the i nvention conprises a nethod

sQlleles fiang OFgaia - 80USRHS LRI —oowm:solvqumu@rﬁrcomprlsmg

p4EeOR | ﬁqugtﬁlogfﬁ ngh!a ‘éﬁ%‘s dﬁl?é%&%lﬁlgé%ef@éﬁﬁfllﬁiﬁkgw mRAREAE, said

menibrahe®sempesingid téla,ﬂasmultraﬂmnan preciasor membrane capable of
rising a cellulose ultrafiltration nenbrane capabl e

oRﬁrgP N Hb@'Palaif aRretie Qﬂlwt%trreaﬁﬂegt"#”@ 3 onyitifyngtiong| CéﬂSS“nk'ng reagent
th ;}H%Bi &‘?pé i'ﬁvtﬁ (el CUH%' SAdercdMRiitR Wihereby sufficient
[ eovi s> or

ng ani'c rom brgani ¢ - aqueous

hyatioed lgsoupwar@deftmmeﬁnoted]to pvide ahydrophilic membrampsaand ngnder the
tgﬁ6solut|on &hrough a crosslinked cellul ose
#n¢ 2 nanofiterenbr ane, said nenbrane conprising a

cel Iyl ps&mbblimddn (}' ﬂq%%rb%lmRé&“cHﬂ&lBFe 'ﬁ%ﬂ’SﬁlﬁrEﬁoﬁ?ﬁkﬁ%%n@E have
1 W th

Ooperatlonln IpO ar aprotlc sol vents, react
cantrolied iamowotts oﬁaitherrmamltlve lor pgsitieagbatge. t Rhanggadded to the
nder, condi ti.on

I t
S5 afleRH Bt e il tiHees rad s s 1o SRV i oves
rel&t%%ﬁ'sﬂﬁllﬁlwmrﬁéa'rﬁd)lécnﬂﬁg.brane find render the
nmenbrane a nanofilter. In an enbodi nent, the

cr osEhe mesebrane lisiusdtneanadve or cancentrateoiganisomiaveganicasolutes of
ik B TR 1] B RSB HB & s 0BaHY oporane n
prexs@reidlding devives shéls ab easpir A0nt Indd e 4 pldaed exetdge, or a plate
and frame type cassette, or other device, so that one side faces the higher pressure
feed side and the other side of the membrane is at the lower pressure permeate stream.
A pressurized feed solution stream is introduced to the cellulose side of the membrane
and the permeate liquid collected from the lower pressure downstream side of the
membrane. Solutes greater than about 200 kD are retained (rejected) on the upstream
side of the membrane. Lower molecular weight solutes, such as solvents pass through
the membrane. Additionally, other low molecular weight solutes, such as salts and ions
also pass through the nanofilter membrane providing a concurrent desalting of the
solute.

In some applications, after concentration of the desired solute, one or more other

solutes may be added to the upstream side to exchange solvents. Also, pure solvent of
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retention of simlarly charged nol ecul es. The nenbrane
is used to renbve or concentrate organic or inorganic
solutes of from about 200 kD to 1000 kD fromthe feed
solution by sealing the nenbrane in a 20 pressure
hol di ng devi ce, such as a spiral wound nodul e, a

El eated cartridge, or a plate and frame type cas et}
the kindotsest indhe iogiginal solutian o e adeler e de eRecentyHed solute to

proﬁ’%ceesﬁ ﬁjﬁer ﬁroiﬁﬁjons It tha %r@eﬁﬁq rfeec'ci q'l%\/\?fhatt E\tﬁN PRIBEASPImpurities

WeT pressure per

havém%m@dfweﬁaﬁdgetthmugﬂﬁheanemram r oduced to the
cel lul ose side of the menbrane and the perneate |iquid
collected fromthe | ower pressure downstream si de of

t he _25 rrenbr_ane. H‘é& e%%ﬁgﬁ&fofﬂ\%'\nge% 200 kD are

retained (rejected) on't tream side r} t he
ﬁemﬁfeaineenﬂlwmnofwratmﬂ membEragbtcosyirises s crsxsslmlml cellulosic
sol vent swoass throu t he e ane a_Addl naII

mergbrATe. alerRR I Parl Wihoh BUBRATE (Ve ulosia mempyane is made
fron‘e) %g%llgﬁis?@ulﬁ‘r%ﬁﬁrattl%%&'ﬁy% ?f’éﬁg’fdg' ﬁ’{?dﬁfﬁ}gﬁ'h%{kgocess of US Patent

Ing a concurrent
5,522,001 gwhlchdatincomporadéd bereinbyaatarance)n Tdfe changseii thednembrane
r nore ot her added to

cau3gd By dhm Rt BOdReRIRILS T Ao eTrae diatRreralss puffearly by size
(ult%fgiggagiom?? Eh@%ﬁé?@%thél’ |F1gﬁaé’cfdr&' H@Weéﬁ'th‘é' @fe Fatefifls and the

e concentrated solute to r od uce a purer
solides playoan irepaitantaotevintriefection gif nsalutesaeﬁw narfiltratian, itheforces on the

MR AT e ——
porbﬂ¥ RBEIrEdf Tﬁ‘@rﬁé’r‘l’{tﬁﬁhé\ﬂérﬂéﬁﬁfﬂw ke ABIPE ofEHE fridiSbrane material and

onprises a crosslinked cellulosic nenbrane
the mtﬁﬁmyabf solutet teghalpore shrface.ufiherge rag giieleqtris constant effects on the

SO'Q}PW&# ?ﬁ{lé:rgtrlrﬁgﬁé ﬁg{eﬁ% Srg@g{:ﬁ[ﬁ@uﬁﬁ &hg @3;?%52 D % manner absent in
the‘Pér le' PB’ﬂiseéFultréﬂlﬁaﬁe@%erﬁMn‘éB IThdrafops Poliev athkied ginanofiltration

erence). The change in the nmenbrane 10 caused by
membeam byéhe pmqegsméam pegsent investion, theRarasize was reduded to obtain

SRR A D A Yol B 50l by &gt and

whér@ere{éiﬁbhtsﬂﬁpm 1Ysiad wagestitas ontyomechanisaj.ect i on of
solutes. In nanofiltration, the forces on the solute

ol Seppasts suitableforrthe preser dwventionsantke made frome nelynaers such as
pol%thylreﬁg,s’ BSI%rcgd%eCHéq tE)r&)m?yether-ether ketone (PEEK) capable of operation in

dipolar aprotic (e.g. DMSO, DMF, NMP) solvents. Supports need to combine porosity
for flow, mechanical strength and flexibility and resistance to swelling or dissolution by
organic solvents. Supports may be non-woven or woven fabrics made from, for
example, polyolefins, polyethylene terephtalate, or fluorinated polymers such as
polytetrafluoroethylene. A preferred support is a microporous membrane. A more
preferred support is a microporous membrane made from ultrahigh molecular weight
polyethylene (UPE) produced by the process described in US Patent 4,778,601.
Cellulose membranes can be formed by immersion casting of a cellulose acetate

or other cellulose ester polymer solution onto a support. The cellulose ester is then
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porous nature of the nenbrane derive fromthe nature of
the nenbrane material and 15 the intimcy of solute to
the pore surface. Charge and dielectric constant

effects on the solute and solvent in the pores affect
transport through the pores in a manner absent in the

hydravyséa t@@émﬂosé byiluingf 4 biroAg base aohE_MTESN NaA®HeAgsreferred method
whén maki ng a nanofiltration nenbrane %Htghe process

of roaking@ ¢gl ultrafisiation membeangds dlescribedis Usdeierad 642,601

R RRRT B IEHAE # BB LB TRFRIADgs memorne

and ewgmam inlo® herhyrapiez eTheawientdrahdés thenyhydeolyasd svith sodium
ports suitable for the present invention can be nmade

hYd’m&‘ﬁﬁﬂ@Wﬁ%F@ celkdpssmepiiraBeny | ene, poI ypropyl ene, or

| h . :
b AR R (R BN R 08 SR s as
dmﬁthIGCétanﬂ@@@Nb\@)arr‘dﬂmseth;blrmsrdlwonéc(NMFP)awth trec hdditioalof a salt

suqsﬁ'qt ési[ﬂq tu?mgﬂ {gileg %’@AIL %&%I&;@fﬁ éat\nagée taga%{hgegm%%brane and

suB% u@ﬁﬁf@lnﬂfné’é@‘(l‘?é‘n%@cﬁ’?dr% EQ for exanple,

I'ns, polyet ene ter pt ate or fluorinated
poI Qetilose ulitafdtsathudhglbw filzefrl membearad mbemaﬂebpspmlng a

o RRSSohsdufSbEASHELES FSh 3hE BT sBaaFEG Stion o

ded@ibRaYh US PatdHt4 6BYET AVdikMmar prddess %ﬁ%@s%obbb ér’&@uce flat sheet
process described in US Patent 4,778,601. 30 Cellul ose

memhrbnasles can be fornmed by inmmersion casting of a

I I
col ThrSr Cxsinglea Gaspbie imes surafs BeSSbEoTRekd Rejpiose
ultrﬁﬁ@(a%ﬂﬁéﬁnb@arﬂé%‘ but 85 8xEMpis G ciné bf Hedvdlie rdfbddesavailable to
A preferred rretf? of neking a cellulose

apmetrtlaﬂerofﬂms an. rrenbrane is descrl bed in US patent

coab 1Snn g8 Paifob Bk eThnBELi VT AT I GQ) values of

10 Ioobcoa'atdmr@)aﬁ@eesmﬁbr@waeﬁtm ¢aliuldsnmbpibrahes RAvaMIWCO less than

sodi um 5 hydroxide to formthe cellul ose nenbrane

50000  Arprefereed mesebrane ds ELE&C rrodHeed by Adillipares Giotraratian of
di met hyl t d DVAC
B'”%'Péﬂhé?%)@?’%%ﬁgdone (Il\lnl\/g) zvltaﬁet ﬁren agdl(tl on) o?ra sal t

suc@raésslihkingicompridesrd Heterddereotel reattisrebetoleshn the dissolved
be used to tormthe rrenbr ane_and subsequently
crogglinking feactart ancha membiggge Haireadisn solution can be based on an

aqueous or an organic solvent, or an aqueous-organic mixture. Preferred organic
solvents are N-methyl pyrrolidone, dimethyl acetamide, dimethyl sulfoxide, dimethyl -
formamide or similar solvents.

Typical crosslinkers are di - or multi-functional epoxides. Examples are
epichlorohydrin, butandioldiglycidyl ether (BUDGE), ethylenedioldiglycidyl ether
(EDGE), polyethyleneglycoldiglyciyl ethers, and butane diepoxide. Multifunctional N-
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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10 Cellulose ultrafiltration hollow fiber nenbranes can
be made by spinning a cupranmmoni um sol ution of
cellul ose into an acetone-water coagul ating solution as
described in US Patent 4,604,326. A simlar process can
be used to produce flat sheet nenbranes. These

RS b e 5o R o sou
60 %; %)z?lléﬁrg{] vg?h?fpd'tefermdsra@kmﬂhbmao%m aebcbui 40% by welght

d
Po/b skiled eiaciiioner wit detairaine ihaveesiapesad §F roagisgg berature
an Qﬁﬁé\laé:ﬂmwcﬂ?%hé@és{ ﬁ%ﬁrer%%grbé’@i& bh&il ¢t cfl E'g%éeat FEEBIcA 8 at higher

v A preferre nbrane 1s
tenfiletiiGresr Adarged réactM\I Vesgel willGegpive maorertinoé t@€each the reaction

tem%&%ﬁ%%ﬁ@é&gs useH@@rﬁg@%ﬂr‘gQ%@QgWﬂEa tg ?r?crease reaction rate.
De@ér‘fhﬁﬁ# bﬂ“ih@%%&%‘a\;?%%eﬁﬁﬁe rA@fiBhaPfay @ 4 eaktin®ius flow, stirred

['utYon can on a agqueous Or an organic
tank oir otirer, meansito iaprove sootaghof reactants te thepmefebrase and thereby

co@dﬁ%ﬁ@gﬁghy ﬁ;ﬂé tﬁ@;ﬁ r@ﬂﬁpﬁ%latﬁs m@fllrﬁé?qlﬂ'ﬁ%orgggtlg% r%ghgfh%sslmker type

as \Q/E,I Ssdvint 94l &%Btpﬁay 5%8Ie0|ﬁ|déiél‘hﬁlﬁhignﬂé%bﬁo@'tlméj'Hydr@iyl ion activity
i -functional epoxides. Exanples are

is amplthrhllmpottgdt regctibntcanditiondi gl yci dyl et her (BUDGE),
eth nedi ol di.gl ycid

pol y?%ﬁ%qt@ggm?%ﬁgﬁc rQﬁr@ﬁ?@E )tg@go%f)gﬁ gundred hours with

pre%r?é@?‘ééi‘ﬁon Mithdd bLasdUt AR adbut ZatHBUrs MThBGERCcieTBaN BESUN at room
may al so be used as crosslinking reagents. Exanples are

tengeraiune) arghap 4mabpateRiq, iwith nreferredtamperaiynesheing frem 25°C to

an Q) BASoeR] LT R LER B B Sl s tme

mc@&hﬂg foYeeREmie Y mia8s apigter réfesYbh\using @bbntm\mdids Web or by further
preferred range of about 10%to about 40% b A

mcaasm@teqstlaetratens(hVeadJuﬁmng esReraiuTe, eonRcand; Pﬂ%ﬁnﬁfﬁt@@r like
ey rg ction tenperature and reaction conditions.
‘ly, the reaction will take place at a faster
r at @ & hifuncliorist @pexpisiussd, the r@agtion is eas at basic conditions.

Soc\illilsr’r?gllf pc\;\galslslurrr(?ﬂycljrro?(ldré%raeretdem%réllcil Gsee%c hTyt/&gallryeggédt% 1M to about 1M
hydroxide solutions are used. The skilled practitioner will be able to balance the reaction
against alkaline deterioration of the cellulose. Higher hydroxide concentrations and
higher reaction temperatures will accelerate alkaline deterioration, lower concentrations
of hydroxide and lower temperatures will slow deterioration rate as well as crosslinking
reaction rate.

Powderlink 1174, Cymel 385 and similar crosslinking agents (multifunctional N-
methyl methoxy compounds) crosslink cellulose through the hydroxyls on the cellulose
with an acid catalyst, such as toluenesulfonic acid. Other similar acid catalysts are
organic sulfonic acids and non-oxidizing mineral acids. Weak or moderately acid
conditions, of pH about 2 to 4, are appropriate. A preferred catalyst is Cycat 4040, a

sulfonic acid catalyst available from Cytec Industries. While more acidic conditions may
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tenperature and to cool down. Hi gher pressures may be
used to increase reaction rate. Depending on the
reacti on vessel, the practitioner may use a conti nuous
flow, stirred tank or other neans to-inprove contact
of reactants to the nenbrane and thereby control the

SR et AU EER SRR e S FERRS 48 Loeriortr
of thé aglldos@heermbrathet er i ni ng reaction tine. Hydroxyl ion

Pr oA {9RgtPE HEVRRT e RO eBhIADS AP0 o Rlipg reactants can

be g@@eu !}Pﬁ&iﬁ&%sl%lﬂﬁoﬂg, EhthePi 60 R WaEr bF Afike PWithi STReré such as

to about 24 hours. The reaction can be run at o
methytethytketpees, ahethylpeatahadiols acetober otbeCketoines. phistlist iscapt limiting.
enper atyres bein om 25C to, 15 about 50C (ne of
A skfigRrasitioner il e ehle B (o EnEeN pERGATgngnt and soivents
suitaPethkltréqliréRehts. | ncreasing for exanple the mass
transfer rates, by using a continuous web or by further

i ncTlemsurigce chargeaf thawpeesany invgntionicay heomedede ave a negative
o8 DB e B o BRGRUEL Sy EPE Y oo e

ché?gé infodifiY fdaRfnt i2Bd§ed ta! tReOEropsliridsd solutivAlr exttitetvastep method,
géneral I'y ‘used. Typically about 0.1Mto about |M

theroparge pddingaeactiois cangugtastbefprrosaiten thg gesslinkindoisaction.

ilL . bl . ' [ '
e SR B B0nd BeBtotl Wardnlptnabembnse
coripHGRIY sRtheGhucane X(THEA of alk@liimetalesalty thbreafs Xislad halogen,
accelerate al kaline deterioratjon, |ower concentrations

preferahlychigrideoabpmigeen is sathoxyt o edfofate. Reagfion time, reactant
b | WIS .
cork SRtk b frind e st Sohi BBty Blind G¥dgeRle charge

addedesthieritirfages @f thesmembranéunct i onal N met hyl met hoxy
conpounds) crosslink cellul ose through t he tE{edrox }s o_g
t hePesifive chawe may hedmpasied tedbanarmt ramgw use of glyciayl
: : ar . e
cu B PR eBE0yn 8 25 Gl i AT RIAEE These
moalleowoukidedat # struettirel oBY(CHp)d B Where Y i$ ahidlegeruand Btie a

4, are appropriate. A preferred catalyst is Cycat 4040,
positively,chatdecmgiatyt cat al yst available from Cytec

el hioy B, oA ipRagrcaans wpuredby done befor
chargirg, het, addingpeisargedigioues tr therraeimbnane, 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.
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of the cellul ose nmenbrane. The reaction between the
cel l ul ose nenbrane and the crosslinking reactants can
be done in aqueous solutions, either 100% water or
m xed with solvents such as 5 nethyl ethyl ketone,
nmet hyl pent anedi ol , acetone, other ketones. This list is
D%Zt I'm'tti ng. A skilled practitioner will be able to
P8 this method usi ng conveni ent and sol vents

SUi tTHM Rst i BARIF uﬁcﬁﬂMbﬂﬁiH%’HL?ohsﬂé@ b?LLr 7efarthRd 98 Whles,

t he present i nvention can made to have a negative

"Separaien Sgienasr anchleckyrolagy) n‘@(@) P27 BB90Ud981)ep process.

ool SHTPR SR FERiant RabPef i RIS, MiB¥ sniuipg containing

a nieuret sfidexerbhe havinghforainal gl rmgeiy Bectdran 0,600 to 2,000,000
conducted before or after the crosslinking reaction.

Dalfgns s centastas inra gontuous fiswnyode s gaaistieeyd cellayitdetdne upstream
S|da§e§gt|h|§ t’nﬂféﬁéj e]'ht‘égﬂq}ﬁtér%eop?gg% ||ngo§{rhg§% g‘ré% g S EPufp in order

S sal

to pure titloabflyx, @nldahesbyasiinfinatel cbhceAtratiors pofasizslioroon the feed side.
sulfonate Reaction tine, reacta c&l@ﬁlS concentrati.on

?%fﬁéeaé? are §é%|m!r@ thedr m@u@m@jghWIstnbuﬂon
O S8R R, A S BT oo

MWErobthedegd isdiutiongAatjectian m anyrehjtlom\mhnpe lmadsbemaiculated from

RastTiDa 1ot 2By PhERe.FlOu s e et thAdeen sORLOR Chiaruglogranh at
el @ Bllhed, %ﬁd p), fis ’kf?dﬂbf %@b@%é&é %bmtlohrht%ﬁjrﬁé %;ﬁ%|s way a

I nvention, the cross-I|1nk I Ng reaction is pre erab
dlsjuhldldjeoblegectlohanaguanfynctlom of v addibegouhdr Heel reg]ahmrpbeiween elution

he nmenbrane,, because. as ed, grou added .
voluffe FBE PRRPURAE HERE Re e SRS ettyBiRE By tediiin MWD supplied
byRRRE g ufadtdréreatiiné aextranalibieddiar ‘Mﬂefdhrpﬁé‘ cBI@M%té’d from the molecular

detrimental effect on nmenbrane properties.

wqmts.tm thetrelatign of &enaﬂw%&uaﬂd é}hvaet@etc@ram;t aa $68<81(1967). In

S rRERFL LS L REREN 2o e s an « ostrain
IOOt WMe&bur:‘e/\@ﬂ MINQOLY té Betermtiitetheanalegtlar Rieigtit 8ti9096 F&jection
with routine | aboratory work, using the

(Raehand ﬁg@SIdﬂ"et’f@fﬁ As the MVeduektheamembranet i on nmenbr anes
with the proper bal ance of pore size,

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.
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30 charge and other material properties to have a
wor ki ng and econonically viable solvent resistant
nanofiltration menbrane. 10 Dextran Test This test is
based upon net hods published by L. Zeman and M Wl es,
"Separation Science and Technol ogy" 16(3) p275-390
(1981). 5 A sanple of wettegqy ane is placed in a
test cell. A feed solution containing a m xture of

A. deﬂqm&sl&olm@mom nal nol ecul ar wei ghts from 10, 000

Pqutggés @rcqll %geé,ﬁ)agffllﬁg (&iﬁ}eﬁ%ﬁ%irﬁ%d%ﬁg&l@ﬁﬁ}e‘ %gqggrg;mn of Billerica,
Madd¥en(s aﬁ%as?r‘%\t@@H&@édl%&@h?cbﬁafﬁ‘ég‘éﬁé&ﬁ&ﬂlnbthea

peristaltic punp in order to run at |ow fl ux,
manufacieiogr’ eliteratace of HHrPattons.i on pol ari zati on on the

feed side. 10 Sanples of the perneate are exam ned for

their nolecular weight distribution (MAD) by size

BUBGH i4Heanédibidighyeidly Riher usEtad 8 evbddlifRing egentbution is

conpared to the of the feed solution. A rejection
at any elution volunme can be calculated from R2=(h(f)v

EDGH BN enr oiset BGRin bt ubed pB 7 IBREE 2Rl 1Cr)

is that of the perneate solution at volune v. In this
way a 15 distribution of rejections as a function of v
can be found. The rel ati onE¥ammeh el ution vol une and

ﬁﬁ%fﬁé‘éﬂ) éﬁémg%igémﬁ 1Bsfifth &is Hddich Wit} B L8tion of 40

graM@'cﬂ‘(éillhy?Iénégl @gﬁly@ﬂyl@ﬂi@(EBGEd dissovddia 60Igeamisd.1M NaOH for 6
relati on of Granath and Kui

hougs, ﬁgﬁﬂtdﬁgf%ﬁﬂl(} bygofieg-the npamirane with the, @%§0ﬁltlon in a glass jar
piadd B ey ol TECANETLIG W NGl B8 e EihuEfe

washedtBree tinestwiti20q B of Malh@@omateddt |stshar(eda$nttl luse MMBODCC of Milli-
of the nmephrane. Retention Test rane SCS wer
Q@pyateR ORI Gy 5% S8 R PR oo TGV Hamial eI tamgaianMembrane
#1)25 streamand to all ow pressure to be applied, and an
outlet for perneating liquid. Tests were done Wi th
di |Méembinagn esri/asrrh&stécf for éts aejgction HF nestealscté)dnajnsrwddts Buoffer flux

accgg;hl@g E@a E{%B(égt?@p %f{rﬁl)@p %—Eviﬁ gcul%?(/vré?g %t 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 MgS04 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 MgSO4. 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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detection. Magnesium sul fate concentrati ons were

determ ned by conductivity. 11 Exanples A. Agueous

Solutions PLCCC is a cellulose ultrafiltration nmenbrane

made by M Il ipore Corporation of Billerica,

Massachusetts. It has a rated nol ecul ar wei ght cutoff

as specified in the 5 ufacturer!s lLiterature of 5000

Do WBPrapaEas 8150 BsRadPb 1 AP 9 et irERoss ageading o the
Refgrn?iﬁﬁ 'T?éé'f PQ?%I‘?’:%‘H SboveE KffihSseisty S paf sﬂ?&?ﬁﬂolecule with a molecular

i grycidylether u gent .

sed as a crosslinking 10
weighbopbe4 Datopseh . tT djueoDsmaffinosssoBBion wad etepgred & processed

usi%&[; g}ﬁ%, gg@\% cgl]li%cf %so g;; géroqﬁgé\gg$ﬁqs6@(op&(§i§¥t@%%%%: Kﬁ%ﬁped solution
an<§NI ﬂ{%ﬁ%rﬁﬂ%&%g?%@ FSItRER raffifYse @bhiéKirdtied BERPLEEsing a

utton 1n a glass jar 15 placed in a
refraetipeindex (R1) cetectot. 1A 81 ¥ECaNEti¢BiIn Biffiyead coneantrating was recorded

nmarane is shed three tinges with 2 o

aftqh haind o9 sat anth inenyage dr dh deibis 888wRn Feble 201
MIli- Qr) water containing .01 % sodium azide to
prevent bacterial contam nation. (Menbrane #1).

B. MenOrganic Solutionsest ed for its rejection of neutral
dextrans and its buffer flux 20 according to the
Dextran Test descri bed above. The nol ecul ar wei ght at
whi ch 90% of the dextrans gg#fnplejected (R90) is
tabulated in Table 1 along with the value for the

PLCA®ieemof BLCCA menahrana, 8ammuk|185mmsistiraatedmithra pplyion of 20

arands pL0RRAR BicRiyetheliEitoEi soliss A Rs NG e
meﬂw‘g}@*élwbne%dm@fgrﬂﬂs@f 0B NdOMefor 90 BiodPé ati24 degrees C by rolling

sol ution was &rEepared and its _ conductivity
thenmemhraae withgheBUDGE selutiersineaglass(iatplaceddn adpiperature

colf el B Tue ORPIEE e A1 R B0l APl and i
witBt200cBIof Millit @RoNateP s is storeduntiliusel in@00st of MillilG® water containing
The conductivity of . .

.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



10

156

20

25

30

the filtrate was 0.68 nS which corresponds to a
concentration of 0.04% MyS04. This is 30 a reduction of

about 80% of the feed MgSO4. The flux of this nenbrane
during the nanofiltration experinment was 0.24 | mh/psi.

This data is given in Table 2. 12 Menbrane 1 was al so

tested for its ability to reject raffinose according to

the Retention Test descri quaﬁ% ? Raffinose is a

smal |l sugar nolecule with a no ar weight of 594

Dal t ArpiecerofPlICCCanembuane, B#5hmostsBoimyis insated svith a solution of 40

o3 B B flaBe ROESE st atn B oSS el o Wi on " o°
miefiey I ieolidohé faﬂﬂm()'/\_%ra%@@m BERENaOP for BeiHour b 4 24‘?@? ees C by rolling

concentrati on usi ng a refracti vei ndex
theanembsane with il% BLUR(BE isetvution ip afglasmias plamdemartamp@mture

o4l FR g i RGPS, FEERGg e o e

sdiutiompivith RhésammMosﬂidﬁQ@a@mtmﬁleed f&@ﬁb&irs]é‘tmegrées C. The
tr ated with a sol ution of grans of butanedi ol

r9ee i WashRd prRsDE) @Dwfm%thanolmcbmm wiih 290cc of Milli-Q®

h
wﬁfet IYﬁdoé’tBF% dﬂg:&ggzﬁ‘%og ?f; I?I?TP \ABh dﬂﬁf\ahobﬂg sodium azide to
prBMmEbamemﬂhamntammatlgrh a(Maem}ananplmed in a the(rjrper ature
ed once

comtgghhes, Db St TIE TSRt 5 dashod onct ik
adrihg t thd PeRirdh q@sﬁ@éédnbé& %Ho@ezt‘PIQEE vafuey drE lgivdrih Table 1.

wat er contalnlng .01% sodi um azide to preven
bact Membrans dtwas heatedofnr it$ Ebility tmejeti raﬁlﬁmmwnnethymyrolhdone

OB B el i e TS e AP 0RB f rencse

IPdewas iphssksabe ith BRBPaNEB lé‘?i"ooa{sleAﬁbVﬁé‘sélﬁb ft#Bligh Membrane 3, the
Menbrane 2 was tested for its ability to reject

congentratier wWag redugadciphelawdoe dete(cnp;zx)hrrafc@‘dhemg.@ equipment which is

' T uti o
L i o LR
cdrieniratiod.tRespadsta age nétedumﬂrab%rmr ane 2, the
concentration was reduced to 0.029% This is a decrease

of 71 %relative to the feed concent ration. These data

along with the flux and stig %@re shown in Table 3.

The dramatic difference in reje I on seen for raffinose

i n DVa@cemfiRiG@Ctmembrane, 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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i sopropyl al cohol denobnstrates that pore size al one

does not control rejection, but that the interactin of

solute/ nenbrane is inportant. 13 Exanple 3 A piece of

PLCCC nmenbrane, 85mm x 165mm is treated with a

solution of 40 grans of butanedi ol
PLEGC wontipl. &lseshaundeY ableskis| the duffer flox fordviemkirane 1 and the PLCCC
Coﬁgé yl pyrrolidone and 40 grans of 0.5M NaCH for 40

s at 24 degrees C by rolling the nenbrane with the

BUDMerBbtaile £ vastestet fasits a@ntynbaré}é@t réffuﬁoéeemmrnaéthmyrolndone
controlled hybridizer. After th eriod of time this

(Nyﬂ?)mcefdmio thesRatensian Jiest dew ab@yleyty (bﬂ"/welutlmm ef raffinose in

338 GEBEEE4] R #3358 B P orgranc 4, e

conegfiteaition was rédioee toi Hdlbvﬁﬂﬁé:detéﬁ:tlbh |I|h1|t-d@(thé HF!l(V\@t]Glbment which is
ms stored until use in 200cc of e%
al NS £9rrespond i afesiaage of at |§ﬁséw95r(1 r fe&eeho. tae ‘feed

coR SR dretrhele d %{\gg;%r,%@ dﬁ?rans} rane 3 was tested for

Its rejection of neutra and its buffer flux
accord| ng to the Dextran Test descri bed above; these

TARLE ToMET s CGhar dcte e F4TEa ans ASrSTSS BN 1o KRS,
Néﬁ,ﬂ(t%}] Mg,q.]gpéidéﬂg to the Retention Test descri bed

above. .1 %solution of raffinose in |PA was
processed vvlth Menbrane 3 at 50psi. After passing
Ht-oteh .vc..u. ane =3 —the éo"}cm rati on was reduced to
M;? by CT®SBect | it Bfefhp HPLC equi pnent whi ch
Nluﬁnbé}. 0 kinB' $ kDal Ofygx O] a decrease of at | east
95% r el ive Tolthe feed concentration. These data are
listed ijn Table{3. 20 BExmipsi 4 A pi ece of PLCCC
rerbrane—85rmx—3165mm—i-s—treated with a sol ution of

40 grans of ethyl eneglycol dig|ycidylether( EDGE)

PECE®! VECcohtrolP | 2648T 0. [2ZPRI NaOH for 4 hours at 40
egr ees Oc% r?ol ?FnLt he rrglrrbr ape with the EDGE

solution in a glass jar |25 placed in a tenperature
eontrol hed hybri di-zer —The e ane i s washed three

Tti mes Eﬂ% §é4of.MIQPQr water. It is stored

untii use 1n LUerC of Mt =Q wat er cont ai ni ng
2 BUDGE | 1113 0.2
3 BUDGE | 886 0.1
4 EDGE |602 0.2
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TABLE 3: Organic Solution Nanofiltration

Membrane

Cross

Feed

%
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Number
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Nano

Nano

filtration

filtration

PLCCC

control

0.1%

Raffinosel/lPA

0.1

0.0
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filtration filtration 0.2% PLCCC control MySO4 0.2
0.18 10 0.65 0.2 %1 EDGE MySO4 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

Sol ution Nanofiltration % % % Fl ux Menbrane cross Feed
Before PAfter Redgqbg on (1 mh/ psi) Nurgger i nki ng Nano

Nano filtration filtration ©0.1% PLC contrﬁ
2 Raf f i nos GUDBEQ. RaffiresellPA. D0d 16 0, 9981 2 BUSGE 0.008

Raffi nnecall DA 1. 0O N1 OO0 N NAQ N 104 2 NLIDCETE
Narrrr1mMoypc7T 1T/~ V. L U, UL JU U, VUUO U. L70 O DU

Raf fi nose/ NMP 0. 1 <0.005 >95/0.01 0J1% | ED(q

2
Raffinosel NWP 0. d.q¢0. 005 >95[ 0. 0I Propheti c [Char ged
Nanofil{ration [Menbranes Exapple 1 - |Negatively Charge

31 A pi ecBUDGEBatfinoseINMIBthx 165m%0.005 t | &RBed wi t h0.01

=

Lo Bl e ~ ¥ = "y

el il an Af 279 £ L ANy anmgs ~ h Al ol £l P A1 A
A oUTr Ui oOiT U 2. J J Ul altd U 1 UllUIJl UIJyl SuUul1fuIltTr © Ul U

sodium salt (BFSA) in 100 gramnms of 0)5M NaCH|fo

q_..
EENg )

hours af 25 degrg9qs, C by rol[ing the|menbrang with the
BPSA solution in a glass jar
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, 85mm x 165mm, is treated with a solution of 22.5
grams of bromopropylsulfonic acid sodium salt (BPSA) in 100 grams of 0.6M 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).
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placed in a tenperature controlled hybridizer. The
menbrane i s washed three tinmes wth 200 cc of
MITi-Qr) water. It is stored until use in 200cc of
MIli-Q (r)water containing .01 % sodium azide to
prevent bacterial contam nation. (Negatively Charged
Menbrane 10 #1). Exanple 2 - Negatively Charged 2 The

same BPSA reaction canditi Ex le 1 are
enpl oyed except for SRR ﬁ‘-‘oﬁm @'W@iﬁﬁa@%ﬂl owed to
o B e Bl B a0 57, B fe ke R Boltion of 15 grams

of E0-g8Y%caquesuetdigtich (% |trﬂq5eth grthoNiahy HIBﬁdél TMAC 10
Menbrane #2). 17 Exa d@y y Po&?ﬂgve Chlar % @ )

aramesane ot Nk NAQHE wna.75 e of waterréat Ehours al 26 dbgrees C by roling
thé MethbdeSlitt heXTIAC Sbiuflof i A SHATHERRRCA Y H'itRBofiture

cog\trahsd bf/br]dmérl\la'ﬁ)el membraffe igwashedfthigd tirmed WithP 00oek Sf illi-Q®
wilgy R stored Gatinse o 2Ot fubOm AR eaptaing 19 sodium azide to
préfet Hectafal G Raitihdiiin, (FPsiRy Eride MortRRER L' C

until use in 200cc of MIIi- Q(r) vvater containing .01 %
sodi um azi de to pr ent bac ;:: cont nat| on.

( Posi t i vel y Charge P@F‘&W@ ositiyg

POS n%"g] ?gﬁgAéﬁé%\Pjhg%ﬁ Cﬁrﬁ“ ﬁiéé‘ﬁalﬁc Q%Hdlr&]esd éa)?cept for

reattidﬂ’tlmewrﬁéﬂ Wee dilb@el e pestbddto 1S hOWs SThF'é"p r&d @ééédélﬁﬁéternary

a quatern amoni um nodi fi ed nmenbrane with a
amMPNiM amdﬁy@gu MErdrarxnib acigher amotiot af pq@l@b@wge compared to 1

S 18 What we claim 1)
ab&eg'y Firdos‘éﬁ)leﬁ %@W% r?%%zﬁerrbr ane conpri sing
crosslinked ceIIquse capable 5 of operation in polar

organi ¢ sol vents.
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2) The nenbrane of claim 1l wherein the polar organic
solvent is a dipolar aprotic solvent. 3) The nenbrane
of claim1l wherein the polar organic solvent conprises
aqueous m xtures of polar organic solvents. 10 4) The
menbrane of claim 1l wherein the dipolar aprotic organic
sol vent conprises aqueous m xtures of dipolar aprotic
organi ¢ solvents. 5) A nanofiltration nmenbrane

WhahWeiCiaiRy crossl i nked cel | ul ose, capabl e of operation

in dipolar aprotic solvents, said nmenbrane conprising a
cellulose ultrafiltration nenbrane reacted with a

mg) tA hy@@phdmdarmﬂh@bh mhémgrarmmmpriﬂhg cugsslihielt oelllose capable
15 groups i n the an drogl rée units, under conditions

V\her‘gkﬂ?%@}fm ‘8|Fé7flﬁr BP'GX%H $-oups are left unreacted
P fiﬁ’ﬂn‘éﬁwlﬁahé de n_%ﬁ}hlﬂ WhERP i SolaPor g%g?’t?/%cﬂggﬁ' i§ laCdipolar aprotic

tration nenbrane conprising cr
cel laghes. capable of operation in dipolar aprotic

oBballl MERheGR LDy HEFER Y BT S solkeR mprises aqueous
sol Uhixaites ofBollr ofgehisBBREARS Of CI aim1 further

conprising a negative surface charge chemcally bonded _
t 4) i the menikrane of sbalrmﬂewhelem thecdipplaciaproticcorganicraaivent comprises

conprisin e surface char ch m cal |y bonded
© oA 8 bt Hpa bR BB R Tt oy
CENA héhﬁmtratlm&fﬁmb(r%néldohﬂfr% fderogslinkél ¢diarseathyable of operation
bonded to its surfaces. (d)T e nenbrane of Claim
e

m 1
f ur tingipaanarrotc sglveniso said membiianecemprisingea cellulose ultrafiltration

C TSR MRl i o Py B 5 orb A TR TRHERAL yBlon hyarony

d ai conprising a p PR su

C hegroabé Sh t}r@wﬂﬂ:dmglutcﬁsesmfsmﬁaer Bﬁwd;t?onﬁwmmﬁyrmﬁcnent hydroxyl
aim6 further conprisi ng a positive surface charge
a

cherf'@HP$ 9rebl9ﬁd§uea@teﬁtt9 Pseyifia adydraphiiamemhieRgd of
;gg?(() bggr_o%mf&m%oﬁmd%ﬁ%éﬁﬁ%ﬁg 85N phsiftg Lr¥ETinREd cellulose capable

of operation in dipolar aprotic solvents, suitable for removing organic solutes of
greater than about 400 Daltons from organic solvent solutions.

7) The membrane of Claim 1 further comprising a negative surface charge
chemically bonded to its surfaces.

8) The membrane of Claim 5 further comprising a negative surface charge
chemically bonded to its surfaces.

9) The membrane of Claim 6 further comprising a negative surface charge
chemically bonded to its surfaces.

10) The membrane of Claim 1 further comprising a positive surface charge
chemically bonded to its surfaces.

11)The membrane of Claim 5 further comprising a positive surface charge
chemically bonded to its surfaces.

12) The membrane of Claim 6 further comprising a positive surface charge

chemically bonded to its surfaces.
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organi ¢ sol vent solutions conprising passing the

sol ution through a hydrophilic crosslinked cellul ose
nanofiltration nmenbrane, said menbrane conprising a
cellulose ultrafiltration membrane capable of operation

i n dipolar aprotic solvents. 5 14)A met hod of renoving
SrArmethed afremovingrargagisrsolutas f {fOBuSrasNigaRANS Or aqueous —

or t | %o

solgﬁ a?mlcsgcﬂ\y%ﬁt O?"g‘olﬁrsossl |rrf§<%[)é§é'ﬁ§ éaéélhﬁ(gn t¥ugh a hydrophilic

nanorfask lirfkad c&iluMMnltreﬁ@hdnamhﬂﬁam esaicbnmmne cemprising a
cel | lose &raflltrat merrbrzf\ne capahl e of

opeF ylese itf ‘tr[?(tJ‘Pﬁrm%{B Eﬁne(:c%b\)%ﬁf @perﬁgﬁ'&f%g'poﬁrtqpr%t'c solvents.
N rﬁ%%ﬁ'cﬂﬁ‘é‘ﬁ\(?‘&fngsérgéﬂl‘é' JMute§ ﬂ%ﬁ‘f‘? sqtd?w l'IleJl}édé eous —

ups int rogl ucose uni r con ons
V\heo@ayncswlflemil wlmtldm,scbmxmisngg passangtthe sd)leflcbn throagblaecdosslinked
i de a nmenbrane. 15) The nenbrane

d
o aPros e n e TR R RSP DS el AR B Glulose
' ay @Ftraﬂltﬂa%ﬁ'?ﬁeﬂﬁ%?ﬁﬁ@f@p&ﬂe @l‘ ébé‘?aﬁoﬁ 4 HlP@IarCéHFBfé §bl0§nts reacted

norane has a support | ayer. menbr ane
CI awrthea ultiféretionehgnosslinking magneetrtmatn@w hudroaybgrpppsyn the

t noanyliPatiEene il JHisRE EeRringes Whelph iRt Ao st dups are
in F@fmﬂirééctéﬁft@tpréwééla\’rﬂm hil®mEnsrapgbr ane of Caimb5

further conprising the rrerrbrane has a support | ayer
cépabe smnembnereftGlaim ilfugheoeempdging the mamrenedias a support layer.

YT R 0 ] g RS Opk i pupoor v

147) A h@cﬂnémb’rwlﬁ@bf Claiol & further cdiplisthgneelmemerarie ﬁéﬁarﬁui;port Iayer.
further conprising the nmenbrane has support |ay
1180 hBe naﬁmbrarﬁec?fcfgémJJUH’@%@%ENSIQQ)ﬂW] memnsﬁ@s(ﬁ support layer

G 2babid bf bREfarRATRLIIAGdbE: IBRANe has 3 support

orous menbrane. 25 23) The

nl@)iﬁhamembraﬁeamfrﬁlﬁmﬁ 5rfui1her camprising tige trieentranbriasea sasport layer
formed of a mcroporous nenbrane.

24) gg&‘otﬂ%ﬁ’lf)g %{@"'SP ITANARraRTale AVeRSnpr i si ng the

EepénfenBft S0 & LRS! co BTSRRI St ayer

conpapatde obbpetatioatin gipatan motlcasolwent;ht pol yet hyl ene.

21)The membrane of Claim 1further comprising the membrane has a support layer
formed of a microporous membrane.

22)The membrane of Claim5 further comprising the membrane has a support layer
formed of a microporous membrane.

23)The membrane of Claim 6 further comprising the membrane has a support layer
formed of a microporous membrane.

24)The membrane of Claim 1 further comprising the membrane has a support layer
formed of a microporous membrane and wherein the microporous membrane is

comprised of ultrahigh molecular weight polyethylene.
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20 25) The nmenbrane of Claim5 further conprising the
menbrane has a support layer formed of a m croporous
menbr ane and wherein the m croporous nenbrane is

conpri sed of ultrahi gh nol ecul ar wei ght pol yet hyl ene.

26) The nmenbrane_of Claim6 further conprising %he
25)8 ermembrane af Claypd furthey sempsising: thedmembsang pag gotuppert layer

nbr ape [ LGl . ' .

AL e AP g AU TR By mombrane i
2%komprised of ultrahigh molecular weight polyethylene.

26)The membrane of Claim6 further comprising the membrane has a support layer

formed of a microporous membrane and wherein the microporous membrane is

comprised of ultrahigh molecular weight polyethylene.
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