1 FILTRATION MATERIAL FOR DESALINATION BACKGROUND OF THE INVENTION Field of the
Invention [0001]The present invention relates to a filtyation material for desalination, and in particular
relates to a filtration material made of a water-swellable polymer. Description of the Related Art
[0002]Currently, filtration materials for desalination which are applied to sea water, industrial water and
wastewater, have been developed by various sources all around the world. Conventionally, design issues
concern the efficient treatment of salt water, the reduction of operating pressure, low energy consumption,
and reduction in the cost of water treatment. [0003]US Patent N0.4828700 discloses a membrane made
of cross-linked poly methyl netiaradaeN T TFEmAIaRe REEsmaneatnaa 9.1 GFD flux, and a 97.9 %
salt rejection, when tested under an operation pressure of 400 psi using 2500 ppm of salt water. [0004]US
Patent N0.5755964 discloses a reverse Qsmosis membrane wherein the RO membrane has good
wetting property by using an arng E?\B&HB”IB H.ESU}#X TfI%N?O membrane. The RO
membrane performance has a 48 GFD flux, when tested under an operation pressure of 225 psi using
2000 ppm of samwaieﬁe'[h@eﬁ@,{nembrane exhibits high flux like nanofiltration material. [0005]The
fitration mateyialsfpr desAUrAUIaRf BRIl ASECROL AR ARRSRALASIPRY ML HEN Iy However, the
lternatively,

nanoporous p ym ric thin film must be operate underahr pressure efrltratlon

materials are made af mggg@@grmmrﬁﬁerm @%aﬁlgma@%eamomecreased which would

thereby improve desalination 2

Description of the Related Art
[0002] Currently, filtration materials for desalination which are applied to sea water,

industrial water and wastewater, have been developed by various sources all around the
world. Conventionally, design issues concern the efficient treatment of salt water, the
reduction of operating pressure, low energy consumption, and reduction in the cost of water
treatment.

[0003] US Patent N0.4828700 discloses a membrane made of cross-linked poly methyl
methacrylate. The membrane performance has a 9.1 GFD flux, and a 97.9 % salt rejection,
when tested under an operation pressure of 400 psi using 2500 ppm of salt water.

[0004] US Patent N0.5755964 discloses a reverse osmosis (RO) membrane, wherein
the RO membrane has good wetting property by using an amine compound to treat the
surface of the RO membrane. The RO membrane performance has a 48 GFD flux, when
tested under an operation pressure of 225 psi using 2000 ppm of salt water. The RO
membrane exhibits high flux like nanofiltration material.

[0005] The filtration materials for desalination in prior art are made of nanoporous
polymeric thin film. However, the nanoporous polymeric thin film must be operated under
a high pressure. Alternatively, if the filtration materials are made of hydrophilic materials,

the operation pressure may be decreased, which would thereby improve desalination



efficiency. BRIEF SUMMARY OF THE INVENTION [0006]The present invention provides a filtration
material for desalination, comprising: a support layerpand a desalination layer formed on the support
layer, wherein the desalination layer is a fiber composite membrane and comprises at least one
waterswellable polymer. [0007]A detailed description is given in the following embodiments with reference
to the accomprdfigieitfirawings. DETAILED DESCRIPTION OF THE INVENTION [0008]The following
description is of the best-contemplated mode of carrying out the invention. This description is made for

the purpose of illustrating the lQrinGt fl% i i Ejklslhﬂﬂ not be taken in a limiting
sense. The scope of the inveﬁ%ﬁlgft%gﬁg@e%me %m%m\?e o the aprended claims. [0009]The
invention provides a filtration material for desalination, which comprises a support layer and a desalination

layer formed dRHME suppBFtALFERT FELPREYIS5R? AR BRIEHEM fsertBUAMAABIRTRILY. The

desalination I%y%r iS a fli)er comgogltgemembran% arrldfcorggrlosnest at least cq(nb% water-swellatﬁle polymer.

The term"water-s%gﬂgb %y[%r()ly?rrﬁer mesglr'lga%hoarﬁt %epol?/rrrnner can Qv?/eﬁFﬁg%ﬁ ))/ %rbsvéquglrﬁﬁ] water. Although

the polymer ahisgiitadblPtavater. g Styhe i palvmsII DR slopad.in Gamz pases, the

water-swellable polymer is’hot a water s polymer an ydrophilic monomers and
hydrophobic ragppipRs-KMternatively, the water-swellable polymer is a water soluble polymer, and it
maintains the swellable property and reduces the hydrolysis property by an appropriate cross-linking

reaction. [0010jdtvg suppodbiayer RRBIPLSAEISAIScANMALSARIRLIY Batedmsnwhdteirfhenpotous 3
materials comprise cellouse ester, polysulfone, polyacrylonitrile (PAN), polyvinglidene fluoride (PVDF),

polyetherethetketooen(REYihgpbiyastar (PET), polyimide (PI), chlorinated polyvinyl chloride (PVC) or
styrene acrylnitrile (SAN). The support layer may be self-made or commercially available and may be in

the form of non-woven, woven or open Sﬁi%%%l‘;{n 0 rgﬁgdiment h éiltration material for
desalination comprises t@giﬁﬁomgﬁigﬁ idh %{S?m%] Hlﬁ\{ﬁ%ﬁ NDET), and an upper layer
is polyacrylonitrile (PAN) or polysulfone. The two support layers may be in the form of a non-woven or
woven layer, 48PBleferdb/fAbPMGEasqeEpden is of the best-contemplated mode of carrying out the

invention. This description is made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

[0009] The invention provides a filtration material for desalination, which comprises a
support layer and a desalination layer formed on the support layer. The support layer is
used to support the desalination layer. The desalination layer is a fiber composite
membrane and comprises at least one water-swellable polymer. The term “water-swellable
polymer” means that the polymer can swell itself by absorbing water. Although the
polymer absorbs a lot of water, the structure of the polymer is not deformed. In some
cases, the water-swellable polymer is not a water soluble polymer and is made of
hydrophilic monomers and hydrophobic monomers. Alternatively, the water-swellable
polymer is a water soluble polymer, and it maintains the swellable property and reduces the
hydrolysis property by an appropriate cross-linking reaction.

[0010] The support layer comprises one or more porous materials, wherein the porous



[0012]The hydrophilic monomers of the water-swellable polymer comprise ionic monomers and non-ionic
monomers. [0013]The ionic monomers comprise catignic monomers and anionic monomers. The cationic
monomers comprise acryloxyethyltrimethyl ammonium chloride, acryloxyethyltrimethyl benzyl ammonium
chloride, methacryloxyethyltrimethyl ammonium chloride, methacryloxyethyltrimethyl p-toluenesulfonate,
methacryloylofataigls deatepriyt €U ansatRiniDely skforielePelyaeHomimie d BN appiaieglidsneylaminoethyl
methacrylate,vinyl imidazole or ving(le pyridine. [0014]The anionic monomers comprise acrylic acid,

methacrylic adlHOitdRgnYORBOBEtAcEIB eI (T BEY RAYENRIIGE Shnpbrtids (Rt esiethereof The

I f th ioni ) di late, sodjum 1-allyloxy-2hyd Ifonate,
oo BTG E U ot St SNE Geoy 2 ErtaPEGEY S Brsiane suonic
acid. [00151The ponsionie, mANameLs, AAMPLse MO meinacndale. lvcraxyeiny) gpyiate
hydroxypropy acryl%te, acry amlge, N ydroxye Iacrylamldpe or polyvinylpyrolidone.

4 [0016]The hydraphobic monomers comprise methyl acrylate,ethyl acrylate, butyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, t-butyl methacrylate, styrene or vinylidine fluoride. Additionally although the

monomers of ggypnitrilg, asid regtReRdRNItile AreavcHemarik Gothe-paliEReh NeaserRkihgse monomers
are also used as the hydrophobic monomers. [0017]In order to improve the mechanic strength of the fiber

composite mesuspamnelate Watevkstie habtetpalyrer fiythelyrsretpET, aaatoss-linking hgentiso conduct a
cross-linking reaction The cross-linking agent may cross-linked to the hydrophilic or hydrophobic groups
of the water-spaiatridqpaiyie €0 Apte e nadi s utf oea civitivth suppdro it graups)inahreduce dhe solubility of
the water-swellable polymer. The cross-linking agent comprises acid anhydride, epoxy, isocyanate,
aminoplast re SRS WHETHPOMEBI Rl SFRfeRaAahy VRR IaY&lamine, urea or guanamine),
alkoxymethyl agéizlamide carbaodiimjde, aziridine or derivatives thereof [0018]In one embodiment, the acid

anhydride is ¢ Jinked 18 AysyerBilia FERMNSTER WiierEfena|adlo RPHEPEInCaRBTRE: RBodiment, the

epoxy is cross-linked to a carboxyl group, a hydroxyl group, or an amine group of the water-swellable
polymer. In yem%odmgr@&B%fﬂ\ﬁ%%?ﬂg%&yanate is cross-linked to a hydroxyl group of the

Waterswe”“'jo@?g mer-fif, ?&ﬂ&'\%&ﬁéﬂ%&d& ﬁﬁs&"o%t?dﬁ‘i@ﬂ&ﬁz@fé%sgﬂﬁ %ﬁ?o#?ircoﬁ]%}l%%?.torﬁ‘ehydmxy'

group, a carboxyl group or an amide group%?ﬁ e water-sw. e polymer. In one embodiment, the
alkoxymethyl ageylamide;is erass-linkeghinissnydseorb ayampielibmyratetsmsiaRle PaNte n yet another
embodiment, the carbodiimide or aziridine is cross-linked to a carboxyl group of the water-swellable
polymer. acryloxyethyltrimethyl ~ benzyl ~ammonium  chloride,  methacryloxyethyltrimethyl

ammonium chloride, methacryloxyethyltrimethyl p-toluenesulfonate, methacryloyloxyethyl

dimethylbenzyl ammonium chloride, dimethylaminoethyl acrylate, t-butylaminoethyl

methacrylate,vinyl imidazole or vinyl pyridine.

[0014] The anionic monomers comprise acrylic acid, methacrylic acid, itaconic acid,
beta-carboxyethyl acrylate, maleic anhydride or sodium salt thereof. The examples of the
anionic monomers are sodium acrylate, sodium 1-allyloxy-2hydroxypropane sulfonate,
ammonium allylpolyethoxy sulfate, sodium styrene sulfonate or 2-acrylamido-2-methyl
propane sulfonic acid.

[0015] The non-ionic monomers comprise hydroxyethyl methacrylate, hydroxyethyl
acrylate, hydroxypropyl acrylate, acrylamide, N-hydroxyethyl acrylamide or

polyvinylpyrolidone.



[0019]In addition to the chemical cross-linking reaction, the cross-linking reaction further comprises an
ionic cross-linking reaction.For example, a multi-chloginated hydrocarbon is cross-linked to an amine
group of the water-swellable polymer to form a 5 quaternary ammonium salt. In one embodiment,
1,6-dichlorohexane is cross-linked to an amine group of the water-swellable polymer to form a quaternary

ammonium sglbdesiompieie aydrsisbiz atienoraastiothipridoniteerasatiningedf0 28]t esmgpre, the
hydrophilic group of the water-swellable polymer may react with crosslinkable monomers, such as
N-isobutoxymethyl acrylamide. [0021]Moreover, the water-swellable polymer may be made of a modified

polymer, suchPSY Bt rimMAREHbI 2EXBExyRLIHY | BEGSE RS, ARk EEACEEMRoSE ¢ Me Holyviny
Icohol is the hydrolysi d f lyvincyl , and the hyd hyl cellul i dditi
reaction procUlt ) et g Hyiertw BN e BUTEHEGe. Tho2ARALRon Sy HU AL Eooste.
membrane is We‘iﬂ&@f&ﬂiﬁfl@Jl@%a‘f‘é'?@%?e’?ﬂ%r P%%@%ﬁﬁ?%ﬁ@%iﬂéﬁ%%g% a3 I%%E"?spc"ymer by

spinning techniques,’such as solution spinning o ctrospinning. er s filled in the fiber by
coating or dipgipgy kit bhiefiehanteler or plate process, a dense fiber composite membrane is obtained.
[0023]The binder may be a water-swellable polymer or other polymers, other polymers are such as

polyvinyl alcopgd iR VA), In@iEMER(RR)ine Phieriyiasticiash pe Merterenipmitase Polirethacrylates,
polyacrylates, polyester, hydroxyethyl cellulosic or hydroxypropyl cellulose. [0024]The function of the

binder is to impateretied abie gontestoehgt heat ttheifilte cromténiilsy agdnn & ndine hales-imkiegsurface of
desalination layer. [0025]In order to reduce solubility of the fiber composite membrane and enhance the
reaction. The cross-linking agent may cross-linked to the hydrophilic or hydrophobic
groups of the water-swellable polymer (preferably to react with the hydrophilic groups) to
reduce the solubility of the water-swellable polymer. The cross-linking agent comprises
acid anhydride, epoxy, isocyanate, aminoplast resins (the product of formaldehyde reacting
with melamine, urea or guanamine), alkoxymethyl acrylamide, carbodiimide, aziridine or
derivatives thereof.
[0018] In one embodiment, the acid anhydride is cross-linked to a hydroxyl group of
the water-swellable polymer. In another embodiment, the epoxy is cross-linked to a
carboxyl group, a hydroxyl group, or an amine group of the water-swellable polymer. In
yet another embodiment, the isocyanate is cross-linked to a hydroxyl group of the water-
swellable polymer. In another embodiment, the aminoplast resins are cross-linked to a
hydroxyl group, a carboxyl group or an amide group of the water-swellable polymer. In
one embodiment, the alkoxymethyl acrylamide is cross-linked to a hydroxyl group of the
water-swellable polymer. In yet another embodiment, the carbodiimide or aziridine is
cross-linked to a carboxyl group of the water-swellable polymer.
[0019] In addition to the chemical cross-linking reaction, the cross-linking reaction

further comprises an ionic cross-linking reaction.  For example, a multi-chlorinated

hydrocarbon is cross-linked to an amine group of the water-swellable polymer to form a



mechanical strength of fiber composite membrane, an additional cross-linking agent is added into the
binder. For example, methylated melamine-formaldegyde resin (such as hexamethoxymethylmelamine) is
added into the binder, and it is cross-linked to a hydroxyl group of the fiber composite membrane to
change the solubility of the fiber composite 6 membrane. [0026]In one embodiment, the fiber is made
from the wateURENANYIAPBRMIER B3lle|dBtPOS FIMARTLTHe A, otHHiCHRTEBOEND dlyRiesyIbREEAdO(PAN) is added
into the fiber to form the fiber composite membrane. [0027}In another embodiment, the fiber is made from
polyacrylonitrif8"{REARIPYY &fetioWBirmiG! e P alya BinGe FoMnatet AN B RO HIBr ¥ talfied into the
fiber to form the fiber composite membrane. %(()OZS In a preferably embodiment, the fiber is made from the

Water-swellabfgraBH%%P eéTéZcﬁ%Eﬁﬁ%ﬁﬁWB.f hen! tﬁ@ﬁ%‘é?gof Wat_er-swellable_polymer is added into the
ISmemerngoIRARAIINS fipsrol e Mhenisampasiie memhrane of the

fiber to form t GOEBEr co,:_w];??
. : “UTT ﬁ
invention comprises a microfiber of nanofiber, wherei e microfiber has a diameter of about 1-30 um,

preferably 1-1q;4n, REchIABIOARMERRI &R ARMEIEIBLARAHY LR AARdam. preferably 50- 500 nm.

[0030]The conventional reverse osmosis (RO) membranes have smaller pores (smaller than 1 nm). Thus,

the membranggomyst bavppesaéedhindaicA RraRHIEBINIRE imigraemhenAkomoaRRePpbigyRA 1000 psi.
The main advantage of the invention is that the filtration material of the invention can exhibit high flux as

with the conventional P&Dyuieynkilasienl buhrbayybretbpeitdosader hyidogrepiassenalesvironmsent. Flux of
the filtration material of the invention is 18 L/m2/hr, and salt rejection is 60 %-90 %, when tested under an
operation pregsiyeisyhaltehohantiohysirol9eis PjCdrsipe e willy\pnioHaxtatheaop ére yrexytting fiber
composite membrane of the invention may be used as an effective desalination membrane, thus the
filtration matefell\JPIAds iRfvedtibeniragtion Bisekstdy (RigBRGeloWenqrsissyriieeslmshent. Note that the

filtration - ] ] o ) )
[0022] Additionally, the fiber composite membrane is in the form of a fiber with a

bonder, and the fiber is made from water-swellable polymer by spinning techniques, such
as solution spinning or electrospinning. Then, the binder is filled in the fiber by coating or
dipping. Finally, after a roller or plate process, a dense fiber composite membrane is
obtained.

[0023] The binder may be a water-swellable polymer or other polymers, other
polymers are such as polyvinyl alcohol (PVA), polystyrene (PS), polyacrylamides,
polymethacrylamides, polymethacrylates, polyacrylates, polyester, hydroxyethyl cellulosic
or hydroxypropyl cellulose.

[0024] The function of the binder is to improve the mechanic strength of the filter
materials and narrow the holes in the surface of desalination layer.

[0025] In order to reduce solubility of the fiber composite membrane and enhance the
mechanical strength of fiber composite membrane, an additional cross-linking agent is
added into the binder. For example, methylated melamine-formaldehyde resin (such as
hexamethoxymethylmelamine) is added into the binder, and it is cross-linked to a hydroxyl

group of the fiber composite membrane to change the solubility of the fiber composite



material of the invention is only made by one support layer with one desalination layer for desalination
effect. The filtration material may be additionally combined with other conventional permeable,
semi-permeable membranes or other polymer films according to actual application. [0032]Because the
fiber composite membrane has the porous properties, the filtration material of the invention has a
desalination effégwrangl the filtration material still has high flux even if operated under lower pressure. The
filtration material of the invention may be used in a desalination process, wastewater treatment, ultrapure

water treatme0%G4ter JBfGRTBPHERNY MetikerdeJVads. Toos3)pEXaRT el tbls3RgbaiRh BYative

E le 1 [0035]The filtrati terial of C tive E | i de b ; tl A
pottom Inyer i€ FRGRRIEH IR TS VR CLBPHECLEHEIR Do Pk T B ER B At an upper

| [ | lanitrile (PAR hased f TONGHWA thetic fiber CO. Ltd., | ight of
about 150,000 508G 60 REO BT fve Example 2 [00371The supportlayer of Gomparative Example

1 was used aZGg?lf];Uppﬂ{tAﬁMﬁEPEﬁB@H‘ﬂHE‘%@-tI@Q%rT he rﬂ&ﬁaqﬂﬁﬁi%@éﬂl%ﬁﬁ@m&%jvﬁyExamp'e 2

was fabricate llowing. 30 g of polyacrylonitrile (PAN) was dissolved in 200 g of N,
N-dimethyl-acgtarisiadimgAcrienpiavidm @& sBinmae saluipne phgmanpfiffiemaierigkvraroftained by

electrospinning with an applied voltage of 39 KY, spray amount of 1000 ttL/min, a 25 cm distance
between the clolecias fing cpimositeinamdrane pressure of 2.8 kg/cm3. A nanofiber material with a diameter
of 280 nm-380 nm and weight of 30-60 g/m2 was obtained. [0039]3 g of polystyrene (PS) (purchased
from Aldrich, i8ezBhs bihuer) wefsrelidyctvandim2iitg fheyiibae to foade afimixttire. Wt sthalabirture was
coated on the above nanofiber

polymer by electrospinning. Then, the binder of water-swellable polymer is added into the

fiber to form the fiber composite membrane.

[0029] The fiber of the fiber composite membrane of the invention comprises a

microfiber or nanofiber, wherein the microfiber has a diameter of about 1-30 um,

preferably 1-15 um, and the nanofiber has a diameter of about 10-1000 nm, preferably 50-

500 nm.

[0030] The conventional reverse osmosis (RO) membranes have smaller pores (smaller

than 1 nm). Thus, the membranes must be operated under a pressure which is larger than

about 500 psi, even 1000 psi. The main advantage of the invention is that the filtration

material of the invention can exhibit high flux as with the conventional RO membrane, but

may be operated under a lower pressure environment. Flux of the filtration material of the

invention is 18 L/m?hr, and salt rejection is 60 %-90 %, when tested under an operation

pressure smaller than 10 psi.

[0031] Compared with prior art, the open pores of the fiber composite membrane of the

invention may be used as an effective desalination membrane, thus the filtration material of

the invention may be operated under a lower pressure environment. Note that the filtration

material of the invention is only made by one support layer with one desalination layer for



material at 70C for 1 hours to form the fiber composite membrane. [0040]Example 1 fabrication of the
water -swellable polymer [0041]10 g of sodium styrenesulfate, 40 g of 4-vinyl pyridine, 7 g of styrene, 50 g
of deionized water and 50 g of isopropanol (IPA) were dissolved in a reaction flask, and stirred under N2
atmosphere at 70C. A solution containing 0.2 g of potassium persulfate (KPS) in 10 mL of deionized
water was slodAsaheried iatteehe rerecibifaiask makiide piasors ettt mrHE saxwinedyvadthaifierd to obtain
50.1 g of the water-swellable polymer (88 %). [0042]Example 2 fabrication of nanofiber materials [0043]36
g of the polynf&PYFERAR PRMEAS GRERENSHP EoBeIBraleNb RISt RI ARt Aia SLEIRINE) b provide a
spinning solution. ‘Il'he 1anofiber material was obtained by electrospinning with an applied voltage of 39
KV, spray amBeit &pfg%'?_?min, a 20 cm distance between the collector and spinneret, and air pressure

of & kgjemS Agegprverpateral il Adiamete ol (0 TZ00M Ad WERNSl T AR ves

; §the po .
obtained. [00 rication of nanotiber composfe material g of polyacrylonitrile

(PAN) was diszolyed 4t 40,8l NadimpiyhAoRtamide MR AR IR AFRINNAG fkition. The

nanofiber material was obtained by electrospinning with an applied voltage of 39 KV, spray amount of

1000 L/min, afgix enelisianendaineentig pritecior ans mpianmrataansl aiitRégsstgonlnaf ko/cm3. A
nanofiber material with a diameter of 280 nm-380 nm and weight of 30-60 g/m2 was obtained.

[0046]Examplesdd[G04/ Jebsl inbtpgroirsugss, ol dsemapar afivenione mpleyduwasdise dasibe, suprert layer of
Example 4. [0048]The desalination layer of Example 4 was fabricated as following. 3 g of Example 1
(used as bindeojtevaidisbedvgdnatareg@lenhol, and then 2.6 g of 1,6-

[0033] [Example]

[0034] Comparative Example 1

[0035] The filtration material of Comparative Example 1 is made by two support
layers. A bottom layer is polyester (PET) non-woven (purchased from HO YU TEXTILE
CO., LTD) and an upper layer is polyacrylonitrile (PAN) (purchased from TONGHWA
synthetic fiber CO. Ltd., molar weight of about 150,000~300,000).

[0036] Comparative Example 2

[0037] The support layer of Comparative Example 1 was used as the support layer of
Example 2.

[0038] The desalination layer of Comparative Example 2 was fabricated as following.
30 g of polyacrylonitrile (PAN) was dissolved in 200 g of N, N-dimethyl-acetamide
(DMAC) to provide a spinning solution. The nanofiber material was obtained by
electrospinning with an applied voltage of 39 KV, spray amount of 1000 puL/min, a 25 cm
distance between the collector and spinneret, and air pressure of 2.8 kg/cm®. A nanofiber
material with a diameter of 280 nm-380 nm and weight of 30-60 g/m? was obtained.

[0039] 3 g of polystyrene (PS) (purchased from Aldrich, used as binder) was dissolved

in 27 g p-xylene to form a mixture. Next, the mixture was coated on the above nanofiber



9 dichlorohexane (used as cross-linking agent) was added into the alcohol to form a mixture. Next, the
mixture was coated on the nanofiber material of Exagple 2 at 70C for 4 hours to form the fiber composite
membrane. [0049]Example 5 [0050]The support layer of Comparative Example 1 was used as the
support layer of Example 5. [0051]The desalination layer of Example 5 was fabricated as following. 0.6 g

of Example 1 (wgedhps bordegor wasdissavediie #Bef @alsshelmandithien 0.42 g of 1,6- dichlorohexane
(used as cross-linking agent) was added into the alcohol to form a mixture. Next, the mixture was coated
on the nanofiber material of Example 3 at 70C for 4 hours to form the fiber composite membrane.

[0052]ExampI@%fBOSS]?H@Tb?JBIﬁOF?tP&WiBF@Bmf)%ﬁ{‘/‘é‘@tmﬁlgoing% used as the support layer of
Example 6. 0Pl he desalnalion laverof ExpPle & was [abrcsted as oloving. 35y o

deionized water and 50 g of isopropanol (IPA) were dissolved in a reaction flask, and

stirred under N, atmosphere at 70°C. A solution containing 0.2 g of potassium persulfate

(KPS) in 10 mL of deionized water was slowly added into the reaction flask, and kept for 3
hours. The mixture was purified to obtain 50.1 g of the water-swellable polymer (88 %).
[0042] Example 2 fabrication of nanofiber materials

[0043] 36 g of the polymer of Example 1 was dissolved in 200 g of N, N-dimethyl-
acetamide (DMAC) to provide a spinning solution. The nanofiber material was obtained by
electrospinning with an applied voltage of 39 KV, spray amount of 1200 puL/min, a 20 cm
distance between the collector and spinneret, and air pressure of 5 kg/cm®. A nanofiber
material with a diameter of 70 nm-120 nm and weight of 60-94 g/m? was obtained.

[0044] Example 3 fabrication of nanofiber composite materials

[0045] 30 g of polyacrylonitrile (PAN) was dissolved in 200 g of N, N-dimethyl-
acetamide (DMAC) to provide a spinning solution. The nanofiber material was obtained by
electrospinning with an applied voltage of 39 KV, spray amount of 1000 puL/min, a 25 cm
distance between the collector and spinneret, and air pressure of 2.8 kg/cm®. A nanofiber
material with a diameter of 280 nm-380 nm and weight of 30-60 g/m? was obtained.

[0046] Example 4

[0047] The support layer of Comparative Example 1 was used as the support layer of
Example 4.

[0048] The desalination layer of Example 4 was fabricated as following. 3 g of

Example 1 (used as binder) was dissolved in 27 g alcohol, and then 2.6 g of 1,6-



commercially available polystyrene (PS) (used as binder) was dissolved in 27 g p-xylene to form a
mixture. Next, the mixture was coated on the nanofikgr material of Example 2 at 70 C for 1 hour to form
the fiber composite membrane. [0055]Example 7 [0056]The support layer of Comparative Example 1 was
used as the support layer of Example 7. [0057]The desalination layer of Example 7 was fabricated as
following. 3 g BCEHREMpIang (Use e eifriBlRERgNE B eddedamte trcalenohirdfen@r Znixtysf 1,6-
dichlorohexane (used as cross-linking agent) was added into the alcohol to form a mixture. 10 Next, the
mixture was chiakedtemtixtucowenesated awvdikaidegbibsymmagyleine BENpENDELE G &dediabatstOC for 4 hours
to form the fiber composite membrane. [0058]Example 8 [0059]The support layer of Comparative
Example 1 Wan %i&d B the support la er of Example 8. [0060]The desalination layer of Example 8 was
fabricated as f3ll iﬁg?'. fbcﬁ%?%%Wﬂ% LiE6nhol (PVA) (purchased from ChangChun Group) (used as

binder) was 100491 Example 5
[0050] The support layer of Comparative Example 1 was used as the support layer of
Example 5.
[0051] The desalination layer of Example 5 was fabricated as following. 0.6 g of
Example 1 (used as binder) was dissolved in 29.4 g alcohol, and then 0.42 g of 1,6-

dichlorohexane (used as cross-linking agent) was added into the alcohol to form a mixture.

Next, the mixture was coated on the nanofiber material of Example 3 at 70°C for 4 hours to

form the fiber composite membrane.

[0052] Example 6

[0053] The support layer of Comparative Example 1 was used as the support layer of
Example 6.

[0054] The desalination layer of Example 6 was fabricated as following. 3 g of
commercially available polystyrene (PS) (used as binder) was dissolved in 27 g p-xylene to

form a mixture. Next, the mixture was coated on the nanofiber material of Example 2 at 70

°C for 1 hour to form the fiber composite membrane.

[0055] Example 7

[0056] The support layer of Comparative Example 1 was used as the support layer of
Example 7.

[0057] The desalination layer of Example 7 was fabricated as following. 3 g of
Example 1 (used as binder) was dissolved in 27 g alcohol, and then 2.1 g of 1,6-

dichlorohexane (used as cross-linking agent) was added into the alcohol to form a mixture.



dissolved in 90 g water, and then 0.01 g of maleic anhydride (MA) (used as cross-linking agent) was
added into the water to form a mixture. Next, the mixtgre was coated on the nanofiber material of
Example 3 at 70C for 4 hours to form the fiber composite membrane. [0061]The desalination efficiency of
Comparative Example 1-2 and Example 4-8 are shown in Table 1. As shown in Table 1, the filtration
material madeNgyttibeviaipdpsovaia slealsd pmeotarEngiciahausi InRlg Boddsendtesaliraidransfidet, with
desalination efficiency of about 50-95%. [0062]Table 1 Example fiber binder Desalination efficiency (%)
Comparative Eeatariplat 7 07Gnfe (6 hiyusupdortnl #yefipr ¢oQorsiparatva dEzample 1 PAN(commercial
available)

[0058] Example 8

[0059] The support layer of Comparative Example 1 was used as the support layer of
Example 8.

[0060] The desalination layer of Example 8 was fabricated as following. 10 g of
polyvinyl alcohol (PVA) (purchased from ChangChun Group) (used as binder) was
dissolved in 90 g water, and then 0.01 g of maleic anhydride (MA) (used as cross-linking

agent) was added into the water to form a mixture. Next, the mixture was coated on the

nanofiber material of Example 3 at 70°C for 4 hours to form the fiber composite membrane.

[0061] The desalination efficiency of Comparative Example 1-2 and Example 4-8
are shown in Table 1. As shown in Table 1, the filtration material made by the water-
swellable polymer of the invention had a good desalination effect, with desalination
efficiency of about 50-95%.

[0062]  Table1l

Example fiber binder Desalination
efficiency
(%)
Comparative |none (only support layer) 0 %
Example 1

Comparative |PAN (commercial | PS (commercial | 54.63 %

Example 1 available) available)

Example 4 The polymer of | The polymer of|96.7 %




PS(commercial available) 54.63 % Example 4 Thepolymerof Thepolymerof 96.7 % 11 Example 1
Example 1 Example 5 PAN(commercial available) Thepolymerof

Example 1 Example 1

Example 5 PAN (commercial | The polymer of | 87.58 %
available) Example 1

Example 6 The  polymer  of | PS (commercial | 82.50%
Example 1 available)

Example 7 PP (commercial | The polymer of | 64.28 %
available) Example 1

Example 8 PAN (commercial | PVA (commercial | 65.04 %
available) available)

[0063] While the invention has been described by way of example and in terms of the

preferred embodiments, it is to be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled in the art). Therefore, the scope
of the appended claims should be accorded the broadest interpretation so as to encompass

all such modifications and similar arrangements.



Example 1 87.58 % Example 6 Thepolymerof Example 1 PS(commercial available) 82.50% Example 7
PP(commercial available) Thepolymerof Example 1 $4.28 % Example 8 PAN(commercial available)

What is claimed is:
1. A filtration material for desalination, comprising:
a support layer; and

a desalination layer formed on the support layer, wherein the desalination layer is

a fiber composite membrane and comprises at least one water-swellable polymer.

2. The filtration material for desalination as claimed in claim 1, wherein the

support layer comprises one or more porous materials.

3. The filtration material for desalination as claimed in claim 1, wherein the fiber
composite membrane is in the form of a fiber with a binder, and the fiber comprises

microfiber or nanofiber.

4. The filtration material for desalination as claimed in claim 2, wherein the
porous materials comprise cellouse ester, polysulfone, polyacrylonitrile (PAN),
polyvinglidene fluoride (PVDF), polyetheretherketone (PEK), polyester (PET),
polyimide (PI), chlorinated polyvinyl chloride (PVC) or styrene acrylnitrile (SAN).

5. The filtration material for desalination as claimed in claim 1, wherein the
water-swellable polymer is made of hydrophilic monomers and hydrophobic
monomers, and the hydrophilic monomers comprise ionic monomers and non-ionic
monomers, and the ionic monomers comprise cationic monomers and anionic

monomers.

6. The filtration material for desalination as claimed in claim 5, wherein the
cationic monomers comprise acryloxyethyltrimethyl ammonium chloride,
acryloxyethyltrimethyl benzyl ammonium chloride, methacryloxyethyltrimethyl
ammonium chloride, methacryloxyethyltrimethyl p-toluenesulfonate,
methacryloyloxyethyl dimethylbenzyl ammonium chloride, dimethylaminoethyl

acrylate, t-butylaminoethyl methacrylate,vinyl imidazole or vinyl pyridine.



PVA(commercial available) 65.04 % [0063]While the invention has been described by way of example
and in terms of the preferred embodiments, it is to bgedunderstood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to cover various modifications and similar
arrangements (as would be apparent to those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to encompass all such modifications and
similar arrangementg. T Viltratios clalienebfos:desakodiltoatioclanaterialdleimuésalie@iiothecomprising: a
support layer; and. .a desalination Iar)(er forrlned on th su&Port lay%r{:wherein lbh? desalination layer is a
fiber composite IS ARE NS & rrﬂBn%ee%cré/t 1684 omE WSIY {581 4B r[‘)'8l§/?"f9e 18 2 The filtration

material for desalfaigetad ebajnaed ivaleiaisnnldvitesesddhensapprsidelyer comprises one or more porous
materials. 3. The filtration material for desalination as claimed in claim 1, wherein the fiber composite

membrane is in the f nﬂ]o¥.ﬂ fiper witth a 'ndéar ?nq.the fibier codnlﬁ)ri es ichofiber or nanofiber. 4.
) . 8. 1NE Ti rei ion material for es& nd ||on asi aimed i cféﬂm Wherein the ”Of" .
The filtration material for desalination as claimeéd in claim 2, wherein the porous materials comprise

cellouse ester, piohisutiomengpe bnassikerijidiexialy) nroheintlic eyedrtugsingd eryiate), polyetheretherketone
(PEK), polyester (PEQ;Q(’ Folyimide P1), chlorinated polé\(/éi{% chloride (PVC) or styrene acrylnitrile (SAN).
5. The filtration EPEPIOPHESHIAL:B AR UG NOYAY W GBS AE water-swellable polymer is

made of hydrophiigwignsmgidoaind hydrophobic monomers, and the hydrophilic monomers comprise
ionic monomers and non-ionic monomers, and the ionic monomers comprise cationic monomers and

anionic monomers. The filtration material for.desalinatjon as clajmed in claim 5, wherein the cationic
monomers comprisega(&{)?oﬁ@%%tﬁmgﬁmf%dﬁémﬁ?ﬂrh?ﬁ81?(’1@?@&%?!@92%‘%?%@%& benzyl ammonium
chloride, methagsydpapreshidirioneers 26RRARIURBDIUERataHyRGEY) Ry il AERPHIY] - toluenesulfonate,

methacryloyloxyethyl dimethylbenzyl ammonium chloride, dimethylaminoethyl acrylate, t-butylaminoethyl
methacrylate,virﬁ}hm@%tﬁféy@t%HﬂﬂterHﬁﬁ@cry'ate’ t-butyi methacrylate, styrene or vinylidine

fluoride.

10. The filtration material for desalination as claimed in claim 1, wherein the
water-swellable polymer further reacts with a cross-linking agent to conduct a cross-

linking reaction.

11. The filtration material for desalination as claimed in claim 10, wherein the
cross-linking agent comprises acid anhydride, epoxy, isocyanate, aminoplast resins,

alkoxymethyl acrylamide, carbodiimide, aziridine or derivatives thereof.

12. The filtration material for desalination as claimed in claim 11, wherein the

acid anhydride is cross-linked to a hydroxyl group of the water-swellable polymer.

13. The filtration material for desalination as claimed in claim 11, wherein the
epoxy is cross-linked to a carboxyl group, a hydroxyl group, or an amine group of the

water-swellable polymer.

14. The filtration material for desalination as claimed in claim 11, wherein the

isocyanate is cross-linked to a hydroxyl group of the water-swellable polymer.



13 7. The filtration material for desalination as claimed in claim 5, wherein the anionic monomers
comprise acrylic acid, methacrylic acid, itaconic acid, betacarboxyethyl acrylate, maleic anhydride or
sodium salt thereof. 8. The filtration material for desalination as claimed in claim 5, wherein the
nonionic monomers comprise hydroxyethyl methacrylate, hydroxyethyl acrylate, hydroxypropyl acrylate,
acrylamide, N-hydroxyethyl acrylamide or polyvinylpyrolidone. 9. The filtration material for desalination
as claimed in claim 3,5whea dittréhierhyelteypih &dyidesadinetioeras ctainmdse cheethill aghdeie ihyl acrylate, butyl
acrylate, 2- ethylhexyl acrylate, methyl methacrylate, t-bytyl methacrylate, styrene or vinylidine fluoride.
10. The fitratior ‘TILKEHE 157 B ELhHAES S LA AT S, S T R URE 0 Bble polymer
further reacts withoaodsse it agemidpsaondtct a cross-linking reaction. 11. The filtration material
for desalination as claimed in claim 10, wherein the cross-linking agent comprises acid anhydride, epoxy,
isocyanate, aminoplast resi Ikoxymethyl acrylamide. carbodiimide, aziridine or.derivatives thereof

2. The fitaton macsia Bl HaL o e L Cesear oL e Sl L RGP e
cross-linked to aalkgstyoxathgracny laiibie ivvates-sinvaltblole palyoreglrgroup b8 theheatdtratiolabiaterial for
desalination as claimed in claim 11, wherein the epoxy is cross-linked to a carboxyl group, a hydroxyl
group, or an amﬁ?éy&%rup of the water-swellable polymer. 14. The filtration material for desalination as
claimed in claim 11, wherein the isocyanate is cross-linked to a hydroxyl group of the water-swellable
polymer. 14  15. Tl Tiledtloatiorateriedidbfod @ssdlimation @< Himetbid thactalh, Whewimaein the aminoplast
resins are cross-linked.to a hydroxyl group, a carboxyl group or an amide roupg{%tlh water-swellable
potymer. 16, TAETHIEGOL BT SRR ACALa TR HERIRRIRCle alkorymethy
acrylamide is cregsylieiked to a hydroxyl group of the water- swellable polymer.  17. The filtration

material for desalination as claimed in claim 11, wherein the carbodiimide or aziridine is cross-linked to a
carboxyl group of the ygieraaliable, PORSTscca 8 Hhe.flration materiel or fesalipation as claimed in
claim 10, wherein thé ¢ross-linking reaction further comprises an ionic cross-linking reaction.  19. The

filtration materiatfossdasadinaietoasakaineshipriskaian dhivwressiimringuliagtioerinated hydrocarbon is
cross-linked to an amine group of the waterswellable polymer to form a quaternary ammonium salt.  20.

The filtration maFe”aifS‘?frﬁ’éaﬁﬂP Fb‘ijf’rﬂa?e%igl%ﬁle‘%éﬂn%'tfi‘éﬂ;a%c’fwﬁﬁégﬁ'ﬂ s ?éeWﬁg}(SHaable polymer
comprises polyvinyl alcohol, carboxymethyl cellulose or hydroxyethyl cellulose.
multi-chlorinated hydrocarbon is cross-linked to an amine group of the water-

swellable polymer to form a quaternary ammonium salt.

20. The filtration material for desalination as claimed in claim 1, wherein the
water-swellable polymer comprises polyvinyl alcohol, carboxymethyl cellulose or

hydroxyethyl cellulose.



