Sol vent Resistant Nanofiltration Menbranes Cross Reference to Rel ated
Applications The present patent application clains the benefit of U S
Provi sional 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 rel at |V®t£%$j$'ﬁaéhNaﬂéﬁﬂf@tl@lﬂﬂ\ﬂ%é@%ﬁe and a nethod of
10meking it. More particularly it relates to a solvent nanofiltration nmenbrane
and nmethod of nmaking it. Background of the Invention Nanofiltration (NF)
menbr anes have retention classcRefaréhce to Reldtéd Apbplications bet ween
ultrafiltratiqon and reverse osnpsis. Nanofiltration nmemranes are used to
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10Several patent applications and articles have been published by authors
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25hydroxyl groups in the glucose units, under conditions whereby sufficient
hydr oxyl groups are left unreacted to provide a hydrophilic nenbrane and
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membranes made from cellulose hydroxyethers are formed from thin dense layers and
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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

30 stable cellulose nanofiltration membrane capable of operating at satisfactory flux in
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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.
30 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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di st r2dout where mejectinpesieglyt oy size was not the only mechanism.

Supports suitable for the present invention can be made from polymers such as
polyethylene, polypropylene, or polyether-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

25 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.

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

25 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

30 Cymel 385 and Powderlink 1174, both available from Cytec Industries of West

Patterson, New Jersey.



30 a reduction of about 80% of the feed MgSO4. The flux of this nmenbrane
during the nanofiltration experinent was 0.24 Inhipsi. This data is given in
Tabl e 2. Menbrane 1 was al so tested for its ability to reject
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A 0.1% solution of raffinose in | PA was processed with Menbrane 3 at 50psi.

AfterZ@asﬁea@Othﬂtmgh Menbr ane 3 the concentration was reduced to bel ow t he

decr ease of at PN TY 4 GHGESRE bpshairilr (o fhiRRAG agihts (OHAGTRRAAEN. P 2
listed in nTahylemétho&Q compounds) crossllnk 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
30 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



Exanpl e 4 A pi ece of PLCCC nenbrane, 85nnnn x 165mm is treated with a
sol ution of 40 grans of ethyleneglycol diglycidylether( EDGE) dissolved in 60
grans 0.25M NaOH for 4 hours at 40 degrees C by rolling the nenbrane with the

EDGE sol ut.i i i i t ] iid} .
e vemor I PAsE B PR o, 2 RAORET By LT o AT SblsbapyBy e
stored ur@ﬁthe@ﬂubsem@nbraﬁe_M I1i-Q water containing .01% sodium azide to
prevent bacterial contam natio est ed

] . #4. Menb 4
Egr its reject rQﬁCt'ﬁ@thi\@(Peﬁgtﬁ &%’Iﬁﬂg%%&eqmgraﬁgfq@thﬁqggsé{@@fgmeﬁ%?qvﬁs £ae
xtran T } T i ianhd % 0th

dextrans *géQ°ﬁ§ﬁ%?§§@%@yﬁ?gs'ﬂ%ﬁg?g? \?ﬁtéﬁgﬁgkﬁay%&%@ﬁ é%:ﬁg a‘éal ueef or
t hg t ELCS@eﬂwlethvl ketiéhe,omeﬁMperitmé’dibll, acétone, other kefdnss. %’ hisdist és naidirnitinge 1
an e control . . t f i il |
o ke iabr loner it bo IS A Tal e ADSE PR st s =
descri beds apNeio theft- rbHupneghton of raffinose in 5 I PA was processed with
Menbrane 4 at 50psi. After passing through Menbrane 4, the concentration was

reduced to bel Bhe shdadechargeoof the presesit invention qanbe madenteiavea BRIAWE. 005%

S oo SRR S Pl €536 ot Bl R BRSSP BERE e

Sﬁbﬁ{) ag er %ﬁ@g%&fgﬁg ][ewﬂ?\lrﬁg% %bldlél_ﬂtt?( e a&l?[s)glunkmg _Eo{LmibNarmthé twatepmbtial, ane
the charge add%Jng reeractign isecr:ondlurg:tédngefore o} g?ttser E\euc):(rosslir{krirmé Pesalction.

Suitable reactants for forming a negatively charged membrane include
compounds of the structure X(CHz2)mA or alkali metals salts thereof. X is a halogen,
preferably chloride or bromide, A is carboxyl or sulfonate. Reaction time, reactant

15  concentration, pH, and temperature are used to control the amount 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

20 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

25  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,

30 charge and other material properties to have a working and economically viable solvent

resistant nanofiltration membrane.

10
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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)py 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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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 MgS0O4 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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0. 2% MySO4

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 MgSO4 experiment above. The feed solution
and the filtrate were analyzed for their raffinose concentration by HPLC using a
refractiveindex (R!1) 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. 1t 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.
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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 controlied 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



PLCCC control 0.1%raffinose 0.1 0.08 20 0.65 1 EDGE 0. 1% raffinose 0.1
0.009 91 0.24 5 TABLE 3: Organic Solution Nanofiltration Menbrane cross

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
5 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.

10  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
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Feed % Before ok After ok Reduction Flux (Inmhlpsi) Nunmber |inking Nano Nano
filtration filtration

TABLE 2: Aqueous Nanofiltration

% % % Flux
Membrane | cross | Feed Bofore |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

16



PLCCC control 0.1% Raffi noseff PA 0.1 0.09 10 0. 008 2 BUDGE 0. 1%
Raffi nose/I PA 0.1 0.01 90 0.008

| 0.1% |

2 BUDGE | Raffinose/IPA | 0.1 001 |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, 85mm x 165mm, is treated with a solution of 22.5
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
10 #1).
Example 2 — Negatively Charged 2
The same BPSA reaction conditions as in Example 1 are employed except for
reaction tirﬁe 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.
15  (Negatively Charged Membrane #2).

17



3 BUDGE 0. 1% Raffi nose/ NMP 0.1 <0.005 >95 0.01 1 EDGE 0. 1%
Raf fi nose/ NMP 0.1 <0. 005 >95

10

15

Example 3 - Positive Charge 1
A piece of Membrane #1, 85mm x 165mm, is treated with a solution of 15 grams
of a 70-75% aqueous solution of glycidyltrimethylammonium chloride (GTMAC), 10
grams grams of 1M NaOH, and 75 grams of water for 3 hours at 25 degrees C by rolling
the membrane with the GTMAC 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. (Positively Charge Membrane #1.)

Example 4 — Positive Charge 2
The same GTMAC reaction conditions as in Example 1is employed except for
reaction time which was allowed to proceed to 16 hours. This produces a quaternary
ammonium modified membrane with a higher amount of positive charge compared to 1
above. (Positively Charged Membrane #2).

18



0.01 Prophetic Charged Nanofiltrati on Menbranes Exanple 1 - Negatively
Charged 1 A piece of Menbrane #1, 85mm x 165mm is treated with a solution of
22.5 5 granms of bronopropyl sul fonic acid sodiumsalt (BPSA) in 100 grans of
0. 5M NaOH for 4 hours at 25 degrees C by rolling the nmenbrane with the BPSA
solution in a glass jar placed in a tenperature controlled hybridizer. The

nmenbrane i s washed three tines with 200 cc of MII1i-QV water. It is stored
until use iRy ﬁ.g %ﬁn MI1i-Q @vater containing .01% sodi um azide to prevent
bacterial contam nati on. (Negatively Charged I\/brrbr ane 10#1). Exanple 2 -
Negatively Charged 2 The sane BPSA reaction conditions as in Exanple 1

A reas “L S mbfibog OERFHR frt 4Ll Elhubee AlrAtor RRERIES e frad? NOUT S

Thi s produces su ane W I anmoun

negati ve charge cdopamedng or dormbutvaimgbﬁga(nklagamorgmltysmtas @em akebusane #2).
Exanple3- Posi ti mm x 165mm is treated
with a sol utl on ofOY%'gg;r%Fa%e%P %73&%/0 gt'c\l%‘)gﬂglggggorﬁén r@ﬁ

gl ycidyl tri met hyl ammnoni um chl ori de (GTMAC), 10 5 grams gr ams of 1M NaOH, and
75 granms of water f r bget he menbrane with the
GIMAC solution in aO%[n%nQQH yftraf raﬁ%dﬁgfé%;ﬁﬁ% Cg"@ér{%e['ﬁ%e coﬁt rolled hybridizer.
The menbrane is was rmtachn@eald mlblsbos\mmwtzeoe wih efreagtantisolgiion copdaieing al t i s

stored until use in 2 fnaMbidinkhs hoMat €r containing . 01% sodi um azide to
prevent bacteri al conglg@nﬁﬁa nJaonrl) Jmosé S|Jve1y Charge Menbrane #1.) 10 Exanple 4

- PositivellCharge 2 CfOSSllnk'ﬂm@eﬁﬂiﬂomaﬁwdoﬁ%%‘ﬂﬂﬂ@ AGPFIY WAtS hyAroxYanpl e |is

enpl oyed except for grseﬁé.h%ééu%smhaé} c%at.a{slmaomfﬁa‘émwomgﬂ& gours.
Thi's produces a quaternary ammoni um nodified nenbrane with a her armunt of

positive charge conpiedeit greactadstopieNide aPP@I"fﬁt@BIhydr%@P‘b‘érBS%h‘fﬂ cililoge) |
Wiat we claim 1. AngRbhed. of formng a crossli nked cel lul ose nanofiltration
hydr ophi Ii ¢ nenbrane for, renppvi n% or concentratin ?e\%m Cc .or gé&anl C

fr sgly

sol utes from aqueousWhesgingai nanoflfration raemBrage gefain &ﬁ?atgrcﬁ‘ﬁ?
conpri si ng;s Daltons.

2. The method of claim 1 further comprising attaching a negative surface charge or
a positive surface charge to the surfaces of said crosslinked cellulose

membrane,
20
3. The method of claim 1 or 2 further comprising forming said membrane on a
porous support.
4. The method of claim 3 wherein said porous support comprises a polymeric
25 woven fabric, polymeric non-woven fabric or polymeric membrane.

5. The method of claim 3 wherein said porous support comprises an ultrahigh

molecular weight polyethylene microporous membrane.

30 6. The method of claim 3 wherein said porous support comprises polyethylene,

polyethylene terephthalate or a fluorinated polymer.
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formng an ultrafiltration hydrophilic cellul ose nenbrane; contacting said

cel lul ose nenbrane with a reactant solution containing a nultifunctional
crosslinking agent; 10crosslinking the cellul ose by reacting said crosslinking
agent with hydroxyl groups in the cellul ose under conditions whereby

sufficient hydgox [ re lLeft u cted. to. Vi nanof i ltration
hydr ophi lic cré‘ssﬁhﬁ%é%Hg(i?f?W(%ga snﬁfogtﬂ\gﬁergm salopérgsshﬂl?m&aﬂ%rﬂéﬁ Weg?ﬂ%d
nanofiltration nerflanab® byeteight o 8@ by eeight efthe redckeant s@0tbril5Dal t ons. 2. The

met hod of claim1 further conprising attaching a negative surface charge or a
positive surface charge to the surfaces of said crosslinked cellul ose
menbrane, 20 38. Themethiod @fifoorhinglani angahicsoh@nt testskeat Naoofjitratminrhydfophitit ng sai d
menbrane on a por . T i . rei ai d porous
support conpri sesqﬁé”ﬁ%#ﬁ%gé\;’@ 3@%’\9%%”#%? ﬁtgggﬁovgﬁllf/%gﬁsghn\#gﬁ-c\%ﬂ)@%sﬁ% fabric or
pol ymeri ¢ nmenbr anailtrailtratioe mestbnow @impeisiagm 3 wherei n sai d porous support
conpri ses an ul trahigh nol ecul ar wei ght pol yethyl ene m croporous nenbrane.
306. The nethod of claim 3 wherein said porous support conprises polyethyl ene,
pol yet hyl ene t er epht praviding acqporeusfdugpert;nat ed pol yner. The nethod of any of
claims 1 tg 6 wherei } > Lk i 8 f 908 by weight to
60% by wei ght of t heﬂF@ggggﬁt‘?@gi d&??’%ﬁ@”'ﬁgﬁng%wgzng?%oggn ﬁéﬂa@r_ﬁjég/arrgani c sol vent
resistant Nanofiltr awrpwnhpms@jéﬁellulgsemml?raneonaelidﬁgp@prblw wastinamport i ntegral
with a crosslinked Cﬁhhimneﬁ&a%rbsailhkihge 4 rt Mo BEHIRIARES GBI insthéGelluRisaY ! ding a

porous support; formng an I ntegra ulose ultrafiltrati on nmenbrane on said

support; crosslinki ngndearenditionp wheesby pettisieahtydsysHPUPSSAB RSt unrBgctedict i ng a

mul tifunctional crosghiinkhM@nédfationtybRBailc MEHPINE, wHERMDSaid NahbiltratRh! Ul ose,
under conditions whereby sufficient hydrox gr OUBS are left unreacted to

( yl
provi de a Wanofi | t r aPERrANedeigpRiSPiutesspRie g 20 PAKSNS: sai d Nanofil trati on
menbrane retains solutes greater than 200 Da!tons. The nethod of claim8
further conprising attaching a negative surfac harge or, a sitive surface
charge to the %urfedeetied %fg‘i'ﬂmcsr’ggg?ri‘i‘?@&s'eglaﬁﬁ?ﬁw%g H%Q?S'P’%ﬁ@'?acﬂf@a@‘ﬁod of
claim8 or 9 wher & gbstiRe duPfiehargeltp Biey suresPof ssebcrasginked@ilulessvoven fabri c,
pol ynmeric non-woven fabric or polyneric nenbrane. The nethod of claim8 or 9

wherei n sai d por olfR€8RIBRSrt conpri ses pol yet hyl ene, pol yet hyl ene terepht hal ate
or a fluorinated polyner. A nethod of formng a Nanofiltration hydrophilic

charged crossl ok cel | ul ose . rane comprising: formng a cellul ose
ettt ar ol e asthss SRS e Wit nory RrB s PRRT ek i
char ged nodi fyi ng woven fabiic, palyrsericchoheldveh dsigicree pblyareec mendrranen sai d cel | ul ose
menbrane is crosslinked by contacting said cellul ose nenbrane with a reactant

solution containing a nultifunctional crosslinking agent, and reacting said
crossl i nki ng atfenfThe method of claim 8 or 9 wherein said porous support comprises polyethylene,

25 polyethylene terephthalate or a fluorinated polymer.

12. A method of forming a Nanofiltration hydrophilic charged crosslinked cellulose

membrane comprising:

30 forming a cellulose ultrafiltration membrane; and
simultaneously crosslinking and attaching a charged modifying reactant to
said cellulose membrane, wherein said cellulose membrane is crosslinked
by contacting said cellulose membrane with a reactant solution containing a

multifunctional crosslinking agent, and reacting said crosslinking agent
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t hrough hydroxyl groups in the cellul ose under conditions whereby sufficient
hydr oxyl groups are left unreacted to provide a nanofiltration hydrophilic
crosslinked cel lul ose nmenbrane, wherein said Nanofiltration nmenbrane retains
solutes greater than 200 Da!'tons. 13. The method of claim 12 wherein the

charged nodi fying reacta ositive char ged or ativ cha 10 14.
The method of cl ai m% B%X@oﬁﬂ&%pﬁ "ég‘fx’d’e@ﬁ sll"\dﬁkf?{@ﬁgaﬁﬂlﬁ r@yﬁf’é'g@m from
5% by wei ght to 60% mdrcv)@'l Q’Otlps)éretléfemre@cﬂédimtprs\ﬂdiemnanfbflltratlon hydrbphilidhe nmet hod
of any one of clains d Wnl in al d crosshnking agent 15conprises

epi chi or ohydri n, but%[ﬂﬁ%f“éﬁ i Pf/%[“&m "Wher, ethylenediol diglycidyl ether,
et hyl ene glycol di gIwberdmlsetormnoﬂbnatlanmembmxéﬂms salutesmyreatef thant200nal

N- net hyl net hoxy cor‘rBolyor}gs

13. The method of claim 12 wherein the charged modifying reactant is positively
charged or negatively charged.

10
14. The method of claim 12 or 13 wherein said crosslinking agent is present from
5% by weight to 60% by weight of the reactant solution.
15. The method of any one of claims 1 to 14 wherein said crosslinking agent
15 comprises epichlorohydrin, butanediol diglycidyl ether, ethylenediol diglycidyl

ether, ethylene glycol diglycidylether, butane diepoxide, and multifunctional
N-methyl methoxy compounds.
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