MEMBRANE AND METHOD FOR MAKI NG THE SAME BACKGROUND [ 0001] The present
invention relates to nmenbranes and net hods of naki ng nenbranes. 100021 A

wi de variwoyponfi7rdesn fil m nenbranes are known to be usefrail/usnoizioe2339
purification of fluids conprising solutes, for exanple the treatnent. of
waste water and the purification of natural water. Japanese patent
application publication No. 2010-188282 is directed to a nenbrane
conprising a suppektd , I B o i+£i ng pol yvi nyl

al cohol cross-1Ii n%%‘ Ey ‘{‘)’?gg‘*rﬁ% h????%%%bgﬁﬁk%!ﬁ%ﬁ%%}ﬁg supporting

| anel | a. The nenbrane of the Japanese patent application publication No.
2010- 1882BACKGROD®® With rel atively bigger pores and is thus not desirable
in many application environnents. [0003] Another kind of thin film

menbr anes epared. b rformng an interfacial pol rization of a

pol yaci d @ﬁ%ﬁ}r?%% RrRseqt v@éf" mflmﬁ?r?@t@?bﬁ@e THRUATS B v%ﬁf}‘% t‘Ffzén%‘é"I’%/am ne in
an aqueouges@tabé on on a surface of a porous base nenbrane. The resultant
pol yam de is deposited as a thin fil mon one surface of the porous base
menbr ane. Such menbranes are nore desirable in many application

envi r onmel¥082k Aaryidensamgtiiniafen dilm meenglupeasedre batventto dispmpefal inrihe
publ i catign; . 8 f LLi r nd .are often
referredjggﬁ%%n@%%%g§%§€%%§ﬁ§§§%%§gggg%%%%M%&gﬁh%n%%ggggggg%?éh Afbast two
| ayers i nandetter purification of UaeyraWpiateh, Bapandsb epapant Gipplibaina pubibstaneNand t he
interfacially prepared polyamde fjlmlayer., 100041 To i nprove performances
of the cofpdsl gt%égfgréﬁtﬁgﬁﬁ@é, top 8| IERErang FOFPESINGoR ARPPRIFInG | lawmRE andre coat ed
on the i ical.l ] LB Le.cr0ss: )i nked by
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bei ng sought. i.n Ijgh graow ng d nds on.the world' s water supplies.
100051 Tr@gibi’c *é‘ma}\ﬁeg%%"&g&%gv&s?ﬁ@ﬂi?r‘ﬁﬁgr%r?ﬁiﬂ‘é}%i RE PORTo N Y "hat | can
provi de nRAREKBESmBRY bfldicaiResd donR@hfkOor mance characteristics. BRIEF
DESCRI PTI ON 100061 I'n one aspect, the present invention relates to a

menbr ane coq&rising: a porous base nenbrane; a polyol |ayer conprising
pol yol s ofé0 w‘t&ﬁorkg@ﬁiﬂé donpondnerabgnes et yarmaged foyl petfaryeing samdwi ched

bet ween t; I I . viQl | ; I not her
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conpri si n@ivept owitdiangplganpiae duSarbag@eol® Ebiudioe; orPhMrlica@f & poloyartase film
| ayer on the porouys base nmenprane by interfacial flynerization; and
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Approxi mati ng | anguage, as used herein throughout the specification and
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i nstances, the approximating | anguage may correspond to the precision of an
i nst r unenvhith pradgsirdigbash engmabraee anb theointarfacially wedréd polyspideaiinused

her ei n iﬁ ﬂgually intended to include both the singular and the plural of
the termThat it nodi fi es, thereby including one or nore of that term
100091 Any nunerical value ranges recited herein include all values from

t he | oner{¢oédjuie timptdie ppfiemanadsuef the chapeiRningmbdianesiepslpbl, Pidvigded t hat
there is a seegégtio of at |east 2 unig; bet ween any | ower val ue and any
hi gher vdiohgin op@ahpPdcd pr the intgfagalyayepded pelyamigdeolim layer andonponent
or a val : i ahl.es; - fOr

or casur e, ¢ rostIRKRERE SR R SURUAE piferd O BRI BERREMISE: | o

or from 3d mhany7@cerit tadvmcenirecmegbsith atenviabuechudde g SmpmvemedS ar@ilt o 68, 43
to 51, 3Q to 32 etc.. are.expressly enunerated in this specification. For
val ues V\A%efﬂg sopgat ‘P%@@f ‘Efﬁgﬁ fene BFBa§iop ¢ %Wﬁ’gﬁs‘*i%?réﬂ‘p?%esbe 0. 0001,
0.001, 0.01 or 0.1 as appropriate. These are only exanples of what is
specifically intended and all possible conbinations of nunerical val ues
bet ween the | owest val ue and the hi ghest val ue enunerated are to be
considered to be expressly stated in this application in a simlar nanner.
100101 The nenbrane according to enmbogi ments of the present invention may
be a reverse osnosis nenbrane used to treat wastewater, seawater, brackish
water, etc. In sonme enbodi nents of the present invention, the porous base
menbrane conprises at | east one of polysul fone, polyethersulfone,

pol yester, pol yphenyl eneoxi de, pol yphenyl enesul fi de, polyvinyl chloride,
pol yacrylonitrile, pol yvinylidine fluoride, polytetrafluoroethylene,
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5 [ 00201 The preparation of the polyol layer is typically carried out at
a tenperature in a range from about 0C to about 100C. In sone enbodi nents,
t he prepawetzooniofest he pol yol |ayer is carried out at aPCemsesiatours3asin a
range from about 5C to about 90C. In sonme enbodi ments, the preparation of
the polyol layer is carried out at a tenperature in a range from about 10C
to about 80C. EXAMPLES 100211 The foll owi ng exanples are included to

provi de ag@bs] onRat ﬁ%h&@%?ﬂé&?@ﬁkﬁ%ﬁﬁﬁ%ﬁ%@h@ﬁfg YodBikibthbad i'ﬂatt&ﬁ p@&tidé n...
practicing the cl aimed invention. Accordingly, these exarrp es'do not limt
t he i nventeodragss H@fmmwenﬂw%ﬁ}m&@@ﬂh@dﬁcmﬁm 100221 A menbrane was
prepared by interfacial polynerization of nphenyl enediam ne and trinesic
acid chl O?%{ %r§ é{ﬂy ciﬂgorous pol ysul f one porous base menbrane and was
sufficien dried. [0023] Multiple sanples of the nmenbrane were
soaked in deionized water overnight before they were imersed in a 5 ww%
gl ycerol 6D} inonnd aspedt, nthayiresent ieepiet irsieley to EXaRAdirae glieial: yas
renoved by airknife in 8 seconds A sol utign corrprlsm 0.5 wt%or 1 wmt%
PVA (fr onﬁ’@PMa% RIRHYEor H. polwtl | lapgrcempRge Umhyols 903@2?38)9%@105 M/\r
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differen titan I et ano m nat o) i sopr opoxi e soI ution
(from Si gmesblate iand tieqropyol ISer. Loui s, MO USA cas: 74665-17-1),
oxal al dehyde (from Si nopharm Chem cal Reagent Co., Ltd., Shanghai, China,

cas: 107-@B867)In afotlzdr raspdti, Ui gregeni nvesiworbinelated for 9 mathaiaf Alallingch Cor p. ,
St. Louis, MD, USA cas: 12616-24-9) was dip coated onto the nenbrane
surface aMEMRESC, SARPHBIE f%?"@%‘gsaeﬁﬁﬁa% baW@ﬁmé%PaP@éW%a\ﬁé@’%@j, the pH

val ue of gnerLoatbi ag Jnk%é%@ &e?ya }S’yn‘fé

Excessi ve sofutl on waiz&r ermve nlmfie In é)g eco %ﬁ&n %Eei&@oﬁh%e nmenbr ane
was dri edpalyoldayervwenthatpol@tid ﬁhn anem thetpedyol Asyen comptidihg pulyofsoanth £ oat ed
films were f %5;1“%?43‘?024 The fluxes and rejections of nmenbrane sanpl es

bef ore aniﬁeté coatings were respectively evaluated using a

2000 ppm sodium chl ori de aqueous solution at a pressure of 225 psi. The
dat a was 2bEPeERIPESHRETIV er and are shown in table 1 below. The flux
(es-cnk-atm x100000) was cal culated as follows: pernmeate nmass/(tinme x

nenbr ane @@Q@ Ap;'ﬁ%km‘i!{ﬁnéeﬂn%{a%gs% Qe h%@:@qgmu%ﬁkgsttt??es‘ggiiﬁ%ﬂ@%naﬁdq table 1

was cal cul ated as fol er neat e conduct ance
conduct andasx 110@p0 beTappled] to mdtfyama/ mnnmuvatmmsmatﬂéhmﬁ(am &uldwei ght
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related.  Accordingly, a value modified by a term or terms, such as “about”, is not to
be limited to the precise value specified. In some instances, the approximating
language may correspond to the precision of an instrument for measuring the value.
Moreover, the suffix “(s)” as used herein is usually intended to include both the
singular and the plural of the term that it modifies, thereby including one or more of

that term.

{0009} Any numerical value ranges recited herein include all values from the lower
value to the upper value in increments of one unit provided that there is a separation
of at least 2 units between any lower value and any higher value. As an example, if
it is stated that the amount of a component or a value of a process variable such as, for
example, temperature, pressure, time and the like is, for example, from 1 to 90, from
20 to 80, or from 30 to 70, it is intended that values such as 15 to 85, 22 to 68, 43 to

51, 30 to 32 etc. are expressly enumerated in this specification. For values which are



before coating [/ / 12.2 97.0%coated wwth PVA |/ 6,2 98.6% coated with
PVA- 10.0%1.60% 7.4 98, 7%titanium (1V) (triethanolam nato) 50.0%
8. 00% 4- 8020081744065 PCT/US2012/042339

less than one, one unit is considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate.
These are only examples of what is specifically intended and all possible
combinations of numerical values between the lowest value and the highest value
enumerated are to be considered to be expressly stated in this application in a similar

manner.

[6816] The membrane according to embodiments of the present invention may be a
reverse osmosis membrane used to treat wastewater, seawater, brackish water, etc. In
some embodiments of the present invention, the porous base membrane comprises at
least one of polysulfone, polyethersulfone, polyester, polyphenylenecoxide,
polyphenylenesulfide, polyvinyl chloride, polyacrylonitrile, polyvinylidine
fluoride, polytetrafluoroethylene,  polycarbonate, polyimide, polyetherimide,

polyetherketone, cellulose, acetyl cellulose, nitrocellulose and polyetheretherketone.

[0011] The porous base membrane is typically configured as a film having two
surfaces. The thickness of the porous base membrane may vary but should be
sufficient to provide a composite membrane which can withstand the operation
conditions present in a fluid purification device or water treatment device. In some
embodiments, the porous base membrane has a thickness in a range from about 10
micrometers to about 500 micrometers. In some embodiments, the porous base
membrane has a thickness in a range from about 20 micrometers to about 250
micrometers. In some embodiments, the porous base membrane has a thickness in a

range from about 40 micrometers to about 100 micrometers.

[0612] The polyamide film layer may be formed on one of the two surfaces of the
porous base membrane affording a composite membrane having a surface coated with
the polyamide and an untreated surface. The polyamide film layer provides for
selective transmission of water across the composite membrane while inhibiting the
transmission of solute species across the composite membrane, so the surface of the
composite membrane upon which the polyamide is disposed is frequently referred to
as the “active” surface of the composite membrane. By analogy, the untreated

surface of the porous base membrane retains the transmission characteristics of the



| sopropoxi de 100, 0% 16, 00% 9A 98.4% 2.0%.60% 8.7 99,0% coated with
PVA- oxal al dehyde 0.5 10. 0% 8. 00%
WO 2012/177465 PCT/US2012/042339

original base membrane and is frequently referred to as the “passive” surface of the

composite membrane.

{0013] The polyamide film layer is an interfacial polymerization product of
polyamine and at least one of polyfunctional aromatic acid halide and polyfunctional

alicyclic acid halide.

[6614] Examples of polyfunctional aromatic acid halide and polyfunctional alicyclic
acid halide may be polyacid chlorides. Suitable polyacid chlorides include but are not
limited to trimesoyl chloride, terephthaloyl chloride, isophthaloyl chloride, trimesic
acid chloride, succinic acid diacid chloride, glutaric acid diacid chloride, adipic acid
diacid chloride, trans cyclohexane-1,4-dicarboxylic acid diacid chloride, cis-
cyclohexane-1,4-dicarboxylic acid diacid chloride, the triacid chloride of Kemp’s

triacid, and mixtures comprising two or more of these polvacid chlorides.

{0015] Suitable polyamines include but are not limited to n-phenylenediamine, para-
phenylene diamine (ppd), meta-phenylene diamine (mpd), 4,4 -diaminobiphenyl,
ethylene diamine, 1,3-propane diamine, 1,6-hexanediamine, 1,10-decanediamine,
4,4’-diaminodiphenyl  sulfone, 1,3,5-triaminobenzene, piperazine, cis-1,3,5-

cyclohexanetriamine, and mixtures comprising two or more of these polyamines.

[0016] Given the porous nature of the porous base membrane, the polyamide may
penetrate at least a portion of the internal volume of the porous base membrane and
need not be confined strictly to the surface of the porous base membrane. This is
particularly true in embodiments in which the composite membrane is prepared by
contacting one surface of the porous base membrane with the aqueous and organic
solutions needed to effect an interfacial polymerization of a polyamine with a
polyacid halide. The interfacial polymerization zone may include at least a portion of

the internal volume of the porous base membrane.

{06617] The polyol layer is coated on the polyamide film layer. In the context of the
present invention, “polyol” means a polymer containing repeating units having
hydroxyl functionality. The polyol may have a weight average molecular weight in a

range of from about 500 to about 500,000. Exemplary polyols include but are not

4



7,3 99.0% 20.0% 16.00% 7.4 99, 1% coated with PVA- 30,0% 7.2

99. 0% zi rconi um
WO 2012/177465 PCT/US2012/042339

limited to cellulose, starch, dextrin, pyrodextrin, alginate, glycogen, inulin,
furcellaran, agar, carrageenan, microbial gum, locust bean gum, fucoidan, guar,
laminaran, gum arabic, ghatti gum, karaya gum, tragacanth gum, okra gum, tamarind
gum, xanthan, scleroglucan, psyllium gom, pectin, dexiran, methylcellulose,
ethylcellulose, hydroxyethylceliulose, hydroxypropylceliulose, chitin carboxymethyl

cellulose, polyvinyl alcoho! and chitosan,

{6018] “Metalorganic compound” referred to hercin may be any compounds
containing metals and organic ligands but lacking direct metal-carbon bonds, that are
usable as cross-linkers for polyols. Typical examples of metalorganic compounds are
metal acetylacetonates and metal alkoxides. The metalorganic compound may be
sofuble in water or other solvents miscible with water. Particular examples of the
metalorganic compound include but are not limited to organic titanates and zirconates
commercially available as Tyzor®, such as dihydrox ybis(ammonium
lactatojtitanium{IV) {CeH NG TH, CAS No.: 63104-06-5),
tetrakis{triethanolaminato)zircontum{IV) ([(HOCH,CH;,NCH,CH,0)4Zr, CAS No.:
101033-44-7}, titanium bis{triethanolamine)diisopropoxide (CisHaNoOsTi, CAS No.:
36673-16-2), triethanolamine orthotitanate (CeHisNO,Ti, CAS No.: 10442-11-2),

zirconium lactate (CioHygO2Zr, CAS No.:  60676-90-6), titanium  diisopropoxide
bis(acetylacetonate) (CgHos O Ti, CAS No.: 17927-72-9), diisopropoxy-
bisethylacetoacetatotitanate (C1gH30sTi, CAS No.: 27858-32-8), tetrabutyl zirconate
(Zr{(OC4Ho)s, CAS No.: 1071-76-7), tetrapropyl zirconate (Zr{OCH,CH,CH, )y, CAS
No.: 23519-77-9), and titanium (IV) (triethanolaminato) isopropoxide {(CoHsNO5Ti,
CAS No.: 74665-17-1). In some embodiments, the metalorganic compound may be at

least one of alkoxy titanate and alkoxy zirconate.

{0619} In some embodiments, the polyol is polyvinyl alcohol and the metalorganic
compound is titanium {IV) {tricthanolaminato) isopropoxide. In some embodiments, a
molar ratio of titanium (IV}) (triethanolaminato) isopropoxide to hydroxyl groups of
polyvinyl alcohol is in a range of from greater than 0 to about 2:1, from about 1.6:100
to about 16:100, or from about 8:100 fo about 16:100. In some embodiments, a molar
ratio of titanium (IV) (triethanolaminato) isopropoxide to hydroxyl groups of

polyvinyl alcohol is about §:100 or about 16:100.
5
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[0020] The preparation of the polyol layer is typically carried out at a temperature in a
range from about 0°C to about 100°C. In some embodiments, the preparation of the
polyol layer is carried out at a temperature in a range from about 5°C to about 90°C.
In some embodiments, the preparation of the polyol layer is carried out at a

temperature in a range from about 10°C to about 80°C.

EXAMPLES

{0021} The following examples are included to provide additional guidance to those
of ordinary skill in the art in practicing the claimed invention. Accordingly, these

examples do not limit the invention as defined in the appended claims.

[0022] A membrane was prepared by interfacial polymerization of m-
phenylenediamine and trimesic acid chloride on a microporous polysulfone porous

base membrane and was sufficiently washed and dried.

[0023] Multiple samples of the membrane were soaked in deionized water overnight
before they were immersed in a 5 wt% glycerol solution for 4 minutes, respectively.
Excessive glycerol was removed by airknife in 8 seconds. A solution comprising 0.5
wit% or 1 wt% PVA (from Sigma-Aldrich Corp., St. Louis, MO, USA, cas: 9002-89-
3, Mw: 146,000~186,000, hydrolysis degree: 99%) alone or in combination with
different ratios of titanium (IV) (triethanolaminato) isopropoxide solution (from
Sigma-Aldrich Corp., St. Louis, MO, USA, cas: 74665-17-1), oxalaldehyde (from
Sinopharm Chemical Reagent Co., Ltd., Shanghai, China, cas: 107-22-2), or
zirconium ammonium carbonate (from Sigma-Aldrich Corp., St. Louis, MO, USA,
cas: 12616-24-9) was dip coated onto the membrane surface and was retained for 15
seconds. When oxalaldehyde was used, the pH value of the coating solution was pre-
adjusted by citric acid at ~3. Excessive solution was removed by airknife in 8
seconds. Next, the membrane was dried in an oven at 100 °C for 2 minutes. As a

result, uniform coated films were formed.

{0024] The fluxes and rejections of membrane samples before and after different
coatings were respectively evaluated using a 2000 ppm sodium chloride aqueous

solution at a pressure of 225 psi. The data was collected 1 hour later and are shown in

&



13.1 86.9% coated with PVA | | 6.7 93.3%coated with PVA- 1.60% 7.1
92. 9% titanium (1V) 8% 7.5 92.5% (triethanol am nat o)
WO 2012/177465 PCT/US2012/042339

table 1 below. The flux (g/{s-cm’-atm) x100000) was calculated as follows: permeate
mass/{time x membrane area X net driven pressure} X 100000, and the rejection in
table 1  was caleulated as  follows:  (1-(permeate  conductancel/{feed

conductance)ix 100%.

Table 1
weight rﬁf(jagf
Concentration | ratio of S Flux {g/(s-
membrane of PVA Cross- ;inker om- Rejection
{wibe) Hinker 0 OH atmx 100000}
o PVA groups
before coating / / / 12.2 97.0%
coated with PVA / 6.2 98.6%
coated with PVA- 10.0% | 1.60% 7.4 98.7%
titanium {IV) 50.0% | B.00% 8.5 98.4%
(triethanolaminato) ) )
isopropoxide 100.0% | 16.00% 0.4 98.4%
e with PVA 0.5 2.0% 1.60% 87 99.0%
coated wi - R y: T 5 ry
oxalaldehyde 10.0% &.-(}Oi Yo 7.3 99.0%
20.0% | 16.00% 7.4 99.1%
coated with PVA- 30.0% 7.2 99.0%
zirconium 60.0% 7 98.7%
ammonium )
carbonate 100.0% 6.8 98.5%
before coating / / / 13.1 86.9%
coated with PVA / / 6.7 93.3%
coated with PV A- 1.60% 7.3 892.9%
titanium {1V} 8% 7.5 92.5%
{tricthanolaminato} o -
isapmpoxide 16% 8.0 92.0%
Firconium 1 §% 7.3 92.7%
ANUNONIuMm 16% 7.9 82.1%
carbonate 32% 7 92.3%
1.60% &.4 93.6%
coated with PVA- £% 5.2 94.8%
oxalaldehyde 16% 4.3 85.7%
32% 4.5 95.5%

w3
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[6025] It can be seen from table 1 above, when increasing the ratios of different
cross-linkers to PVA (or OH groups of PVA), only the fluxes of the membrane
samples coated with titanium (IV) (triethanolaminato) isopropoxide cross-linked PVA
consistently increased while the fluxes of the membrane samples coated with PVA
using the other two cross-linkers (zirconium ammonium carbonate and oxalaldehyde)

mostly decreased.

{6026] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art.  Such other examples
are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the

claims.

s



16% 1 7.9 92, 1% car bonat e .2)-,10/ ,,.. 10 7.7 92.3% 1.60% 6.4 93,6%
coated with P VA- 8% 5.2 94. 8% oxal al dehyde 16%
WO 2012/177465 PCT/US2012/042339

What is claimed is:

1. A membrane comprising:

a porous base membrane;

a polyol layer comprising polyols and a metalorganic compound; and

a polyamide film layer sandwiched between the porous base membrane and the
polyol layer,

2. The membrane of claim 1, wherein the polyol layer comprises at least one of
cellulose, starch, dextrin, pyrodextrin, alginate, glycogen, inulin, furcellaran, agar,
carrageenan, microbial gum, locust bean gum, fucoidan, guar gum, laminaran, gum
arabic, ghatti gum, karaya gum, tragacanth gum, okra gum, tamarind gum, xanthan,
scleroglucan, psyllium gum, pectin, dextran, methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, chitin carboxymethyl cellulose,
polyvinyl alcohol and chitosan,

3. The membrane of claim 1, wherein the metalorganic compound comprises at
least one of dihydroxybis{ammonium lactato}titanium{IV) (CeHsN2OsTi, CAS No.:
65104-06-5), tetrakis(triethanolaminatojzirconium{IV)
([{HOCHCH;, ), NCH,CH, Ol Zr, CAS No.: 101033-44-7), titanium
bis(triethanolamine)diisopropoxide  {CisHoN,OgTi, CAS  No..  36673-16-2),
triethanolamine orthotitanate (CeHisNOGTi, CAS No.: 10442-11-2), zirconium
lactate (Ci3H2004,2r, CAS No.: 60676-90-6), fitanium diisopropoxide
bis{acetylacetonate) (C6H206Ti, CAS No.: 17927-72-9), diisopropoxy-
bisethylacetoacetatotitanate (Ci3HOsTi, CAS No.: 27858-32-8), tetrabutyl zirconate
{(Z1r{OCqHo}s, CAS No.: 1071-76-7), tetrapropyl zirconate (Zr{OCHCHCHi)y, CAS
No.: 23519-77-9), and titanium {1V} {triethanolaminato) isopropoxide (CoHsNO:TH,
CAS No.: 74665-17-1).

4.  The membrane of claim 1, wherein the metalorganic compound is at least
one of an alkoxy titanate and an alkoxy zirconate.

3. The membrane of claim 1, wherein the porous base membrane comprises at
least one of polysulfone, polyethersulfone, polyester, polyphenyleneoxide,

polyphenylenesulfide, polyvinyl chloride, polyacrylonitrile, polyvinylidine

g
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have str umiﬂfﬁlaﬁl%iabﬁ‘@n’taﬁctlﬁéthahéﬁ m@tpﬂyﬁiﬁ@mm} @imycilrseaduﬂ hadidzl Ianguage of

t he cl ai ns, i f tch |€nc¥ gﬁﬁﬁ“ al eni{!r str Lg é | ement s A 1

i nsubst ant i ar %h%% % ° t e\W Pt 8 G ‘“S?Iipf‘ﬁ"é’ B‘I’Xf‘ﬁg What
i's clai meglcdii®l cmss«hﬁkedfby’@ﬁﬁhﬁmvygﬂ@zﬁm&lﬁkﬁma&))Wp%b%x@%se menbr ane; a
pol yol Iayer conpri sing pol yols and a_ netal organi ¢ conpound; and a

pol yani de f 8t nf BeayBemBHARWE Hdaith et wedkreithes peplenistabias ef nitatiandI¥nd t he

ol Yol | ity TSP BIRERE o i3 o TR R b

al gi nat e, ofgtoms geparer thanul torsbofi:¢el | aran, agar, carrageenan, m crobial gum
| ocust bean gu fuco%rdan fgdl‘%; gum Iam naran, gum arabic, ghatti gum
kar aya gum %r agenPt RHE gV hessHarg rfﬁ‘ﬁ@ﬁrﬁm%?i t R oms (16 ogl ucan,
psyllium REAhik b s&s ipBRid

hydr oxyet hyl c%r | ul Eosg) oxyf)lrtgﬁ%{}é%)ﬁ% S%%SO |%&¥&g§{rdbggx§rsrde%ﬁ%€i

cel | ul osedf fpoh yhoutyio: &Pﬁzﬁmr&bbu‘a?ﬁdiﬁﬁu t osan. 3 The merrbrane of claiml,

wh th | d t t,
i by oxybi APaoRTORVEAS (ot T dni TAFIE § CBPEBNBHRTT SAEuRo V)
65104- 06- et&ﬁioﬁzﬁéﬁhat%f isbbx%fpbﬁiﬂé ko ﬁﬁﬁrb%‘ﬁ?ﬁx@e of ?9@'& MR h¥dhol is in a range

([ (HOCH2CH2) 2NCH2CH20] 4zr , 33-44- titani um
bi s(tri etdf: abﬁuﬁ@)ﬂwg@b@édéxw@e (C181 142N208T|, CAS No.: 36673-16-2),

| actate (ciatoati st eE T, i e ety ¢ ﬁﬁ?ga.%%gf‘f‘%swsg% ¥ o

bi s(acet )(Itmmmtuﬁém} GLoHIBAGIE o BAPoND. grodpd8f pdBvB)1 alcohol is about
di i sopr opox bi set hyl acet oacetatotitanate (O 8H3208Ti, CAS No.: 27858-32-8),

tetrabut ‘rconate (Zr(0C41-19)4, CAS No.: 1071-76-7), .tetrapropyl

zirconate (4s( 4 g\agm Ftanl: (

(triethanol gmﬁ%ﬁo gg%ér o%fox N?}CQW%%%% m%& %gg 5{:74%%'&%]7(5@ 4,
The nerrbr(mhaﬁﬂmﬂuaatm isopvdpexaientot Inedromest @on;@aﬂf polyoimybuhdhélsisadboheast one
of an al kirg?l titanate and an al koxy zirconate. 5. The nmenbrane of claim
1, wherei e porous base nenbrane conprises at | east one of pol ysul fone,
pol yet her sul § oneetiRf Vesii8he a&&hmf‘ew&ﬁﬁ%%g .de,

pol yphenyl enesul fi de, pol V|nylch ori de, poi yacrylonltrlle pol yvi nyl i dine
fluoride, potopidieg apbuos @ﬁehytreh@ngol ycar bonat e, pol yi m de, poI yet hefi m de,

pol yet her ket one.. cel | lé)nsn ri%/l celtlhul ase, ,Ql trocel | ul pse r&d i

p0| yet her et R% ké?%ﬁep } e er on € pOorgus Dase memorane oy intertacial

polymerization; and

coating a polyol layer on the polyamide film layer, the polyol layer comprising
polyol and a metalorganic compound.

14. The method of claim 13, wherein the porous base membrane comprises at
least one of polysulfone, polyethersulfone, polyester, polyphenyleneoxide,
polyphenylenesulfide, polyvinyl chloride, polyacrylonitrile, polyvinylidine
fluoride, polytetrafluoroethylene,  polycarbonate, polyimide, polyetherimide,
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6. The nenbrane of claim1l, wherein the polyamde filmlayer is an
interfacial polynerization product of polyfunctional aromatic am ne and at
| east onewofpol7yd6ancti onal aromatic acid hal i de and polpgfrasetizomzsko

alicyclic acid halide. 7. The nenbrane of claim1l1l, wherein the polyol
| ayer conprises pol yvinyl alcohol cross-linked by titanium(IV)
(triethanol am nato) isopropoxide. 8. The nenbrane of claim7, wherein a

mol ar ratéo‘éﬁ?ﬁer&&&?@iééﬂhiggf%{)aicét&f L&l ANIOhA. ?&%1836 Ar%?ﬁ&i%%ﬁé%ﬁgakte%n?ydr oxyl

groups of yvi nyl "al coho In a rahge o rom ater ‘0 about
2: 1. @d Whereirethier polgarofdechilai hayér isvharieienfagiahpbymeriaition pfodutit &hi um (1V)

(triethanol am nato) isopropoxide _to hydroxyl groups.of polyvinyl alcohol is
in a rang}?iffﬁm‘fl?éﬁ% %f?ﬁg @g@?g@{yﬁg@ng ﬁg%ﬁ?cﬂﬁ?f? halide @é.?%ﬂ% ane of
claim?7, phesigl idhdear ratio of titanium (1V) (triethanol am nato)

i sopropoxi de to hydroxyl groups of polyvinyl alcohol is in a range of from
about 8:1001fo ahouwethbd:cf@drim 13, further Theprieinpr améacting deanamBranvtwattei n a

nol ar rati,o of. ,ti.t ani ym ( triethanolam nato) |sopropoxide to hydroxyl
gr oups ofghﬁ%elr?}\hah(iﬁ C%#E}@ﬁ%?vg’?igmalﬁbﬁtmg ?‘%ﬁrd?m“_d”?gfé‘? p P{@gﬁ%ﬁ@fg&ne of claim
7, wherein aghoTRé nicthdd offcldiit 851 WikelnVihe( boily6T h?e;olc@i&;@ﬁg@t ﬁ)lg&iﬁ?ipr opoxi de
to hydroxyl groups of polyvinyl alcohol is about 16:100. ~13. A net hod
of maki nglephebaiopahiekeddumsrargdmetitapptevi di ng a por ous base menbrane;

provi di ng a;pol yam i r_on orous..base nmenprane, by, interfacia
polynerizatﬁgh;¥§%%S§ME§gaa#%égéW%%FygﬁeF§?§$%% a‘ﬁgaﬁg&§§¥ﬁﬁﬁ%mfiIn1|ayer,
the polyol h&yeThe amphddsiongiqinl ¥6) wabtkin thebadalgabingtecBNRAUAM (1v) 14. The
nmet hod of clainils, wherein the porous base nenbrane conprises at | east one
of pol ysuft olamyntal epenrtidfie, pol yester, pol yphenyl eneoxi de,

pol yphenyl engs | Y )¢ chlaqrig Y, LLri e, v Wl di ne
fluoride, pg y?€$%§§?§§§o§{E%%gﬂeg%ogéﬁgr 5ﬁ§%§%g§%§§n%ﬁé?%%%%%gﬁ%iin1de,
pol yet her{ketlmme]anteitbhisogepoadeto/hydetll ghape of polyvoekdibelod Seinandnge

pol yet her et her ket one, and erejn the polyamde filmlayer is an
interfacﬁ}ﬁhﬁ%g§ﬁ@F§?E?V8ﬁ%ht8htct of polya.mine and at |east one of

pol yfuncti opal prOMRLbEd a6f tiiAl 118e RRGkeRO!Y fHiiG! 1:9AG! oftl dig¥Gh Greci d

hal i de. ~ 15. The nethod of claim 13, further conprising: contacting the
menbr ane (Watlanglapiaate) issefapesidedat hivdgoxtyh esrpapsyed polayiey! aladhafis eabopr ovi di ng
}he polyqﬁié&%ga S{Iéﬁ@@. 16. The method of claim 13, wherein the polyol

ayer conprises polyvinyl alcohol cross-linked by an organic titanate.

17. The method of claim 16, wherein the organic titanate is an al koxy
titanate. 18. The nmethod of claim 16, wherein the organic titanate is
titanium (1V) (triethanol am nato) i sopropoxi de. 19. The nmethod of claim
18, wherein a nolar ratio of titanium (I1V) (triethanol am nato) i sopropoxide
to hydroxyl groups of polyvinyl alcohol is in a range of fromgreater than
0 to about 2:1. 20. The nethod of claim 18, wherein a nolar ratio of
titanium (I1V) (triethanol am nato) isopropoxide to hydroxyl groups of

pol yvi nyl al cohol is about 8:100 or about 16: 100.
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