1 FILTRATI ON MATERI AL FOR DESALI NATI ON BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention 100011The present invgntion relates to a filtration
material for desalination, and in particular relates to a filtration

mat eri al nade of a water-swell able polynmer. Description of the Related Art:
100021Currently, filtration materials for desalination which are applied to
sea water, industrial water and wastewater, have been devel oped by vari ous
sources all around the world. Conventionally, design issues concern the
efficient treatnment of salt water, the reduction of operating pressure, |ow
ener gy consunpti on, FANPTRATION MATERIADTORPESXLIMAEIONT eat ment . [ 00031US
Pat ent No. 4828700 di scloses a nmenbrane nade of cross-linked poly nethyl

nmet hacryl ate. The nenbrane perfornmance has a 9.1 GED flux, and a 97.9 %
salt rejection, when BAUKGROENBOBYEHR INVENEFEONe of 400 psi using
2500 ppm of salt water. 100041US Pat ent No.5755964 di scl oses a reverse
osnosi s (RO nenbrane, wherein the RO nenbrane has good wetting property by
usi ng arFieldiofehebipeatiod to treat the surface of the RO nenbrane. The RO

menbr an r.formance has.a 48 GED fl ux, . .Lon essure
oF one UL P THBOEEAER i sitatiab 15 n HERLSRNER AF RRSIALLECRY FO D
i ke nanoflliration mat.eri.al . 10%83}1?;5% fiItratiﬂ materials for

desal i nd@rtisslar felates 2 Giatigp gatgy ¢ REAHSPETSUHE %Z!F PAEMEE thin film
However, the nanoporous polyneric thin filmnust be operated under a high

pressur @yesthipBon oF theRNatddfadthe filtration materials are made of
hydr ophi | | i

lic materials, e operation_pressure may .he decreased, which would
t her eby [P¥Hove Qi’é"se&ﬂ}ﬂn{é@ia%n n@?‘?aigi ER dpsalpafipn %EJ%P\WP@EGS“IIE SPAVHERSTI ON

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 No.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 No0.5755964 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



[ 0006] The present invention provides a filtration material for

desal i nation, conprising: a support |ayer, and a desalination |ayer forned
on the support |ayer, wherein the desalination |ayer is a fiber conposite
menbrane and conprises at | east one waterswellable polynmer. [0007] A

det ai | ed.rgsgdyi ption is given in the followi ng enbodi ments with reference

t he acconpanyi'ng draw ngs. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0008] The
foll owi ng description is of the best-contenplated node of carrying out the
invention. This des I'lustrating the
general principles gﬁkﬁﬁfsy\@wgﬁﬁaﬁg Tﬁﬁyggﬂ@%ken inalimting
sense. The scope of the invention is best determ ned by reference to the
appended0e0ai ns The@ooehTinecritiongmovides pfibiiatide magerid ifgr desalinationnecenpraing: or
desal i nati on, which conprises a support |ayer and a desalination |ayer
formed an stqbptms WpRRer ind Ay Gésalifdtions kyporbrhay oh the suppdrtt Diysypphédeir hige
desalination |ayer. The desalination |ayer is a fiber conposite nenbrane
and COWRfe'sa‘lﬁéu?ﬁ l!iyee?slrs £ T PALRI0SNE Inh @b 8nd @hY N&mpriEBE ot BBt one_ water-

"wat er - swel | abl e pol yner"” neans that the pol yner can swell itself by

absor bin r hough the pol yner absorbs a | ot of water, the structure
of the ﬁeﬂ%@?pogn}%t def or med. I n sonic cases, the water- swel | abl e poI ymer

i's not er sol.ubl e ner and is. npde of hdr h||| rs and

hydr ophaﬁi‘\@]mndﬁ*@?@ﬂe ‘?Sé TRURT PeiyEn ‘Png g%}f %p%ﬂt{}] FIEE 0 wat er
sol ubl e EOI ymer, and it maintains the swellable pr operty and reduces the
hydrol yd @aqwom@nxlpgldgpvang%ppr opriate cross-linking reaction. 100101The
support |ayer conprises one or nore por ous materials, wherein the porous

materials conprise cellouse ester, sui f one, bagacr I onur| l e (PAN),
pol yvi ngl i dene fDIbTAJLEIP\IDESCRBP d r@FhEHE: N pol yest er
(PET), polyi fide (Pl), chlorinated polyvinyl chloride (PVC) or styrene

2ony | moiiaodd) (Sl ul0ic 0080 Y B 1EbksRE Rn el SOFIRA GG Y

avai | abl'e orm of nowoven Or ‘open pores.
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pol yacrylonitrile (PAN) or pol ysul fone. The two_support | ayers .my be |n
t he' f or hemvantimangshe t@wi(ﬁn Iy Eruitingeenps P ¥BPS OhdR INGPEAD alsst |
100121The hydrophilic m)norrers of the water-swellable polyner conprise

i oni ¢ nulzoemmiseddrydetenericond thermpponied slaims.

[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



[ 00131The i onic nononers conprise cationic nononmers and ani oni ¢ nononers.
The cati oni cnononer sconpri seacryl oxyethyl tri met hyl ammoni unchl ori de,

acryl oxyethyltrinmethyl benzyl ammoni um chl ori de, met hacryl oxyet hyttri met hyl
ammoni um chl ori de, inethaeryloxyethyltrinethyl p-toluenesul fonate,

nmet hacr xh&txlli%g yc%lt@ﬁke %H@ﬁé@yés?é%nﬁbﬂysﬁmp e MactA it 1(Pﬁ1N')PbBb$J\ﬂP}{ﬁli'aeﬁé hyl

acryl ate, t-butylatni noethyl nethacrvlate, vi'nyl’ i m dazol e or Vin

pyridin 0 Qners, c iLse i ¢ aci t ERVAN ci,4,acid
bet a- canbsiathy PR R B A ap b AL CP TP REtar frBriudiidtn, .
exanpl es of .the anionjc nononers are sodi rylate, sodium

| -allyl X@chr@aﬂﬂsr@a/&)i ¥ Sélﬂe%ﬁalty@,ltfﬂ?rz%ﬁ&m €| PR 3@(%&2@3’ besely e,
sodi um styrene sul fonate or 2-acryl am do-2-nethyl propane s [0015] te,

i oni ¢ aanatle Theomoarciablyi avalglle awgd pnaphe inrdleo fsms o€ sppiozenhydyax 9ephsi
nmet hacryj ate, hydroxyethyl e, acrylam de, N hydroxyethyl acrylam de or

acryl at pdrat hyt hexyl acrylate, methyl nethacrylate, t-butyl methacryla e,
styrene or vinylidine fluoride. Additionally, although the nononers of

oLy ompoth, and s sassakan o gt mlafushibkain i, sk s of
| mprove SBBSOI{qu?eq'Qiiﬁ Fhichngt Qot%tm tlgferf k%&w‘é&@??ﬁt’ff mm&flaﬂﬁpetrhﬁyer is
polyacrylonitrile (PAN) or polysulfone. The two support layers may be in the form of a
non-woven or woven layer, and preferably non-woven layer.
[0012] The hydrophilic monomers of the water-swellable polymer comprise ionic
monomers and non-ionic monomers.
[0013] The ionic monomers comprise cationic monomers and anionic monomers. 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.

[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.



wat er - swel | abl e pol yner further reacts with a cross-linking agent to
conduct a cross-linking reaction. The gross-linking agent may cross-Iinked
to the hydrophilic or hydrophobic groups of the water-swellabie pol yner
(preferably to react with the hydrophilic ups) to reduce the solubility of
t he water-swellabl e pol yner. The cross-Ilinkin gent. conpr,ises acid
anhydr i d8016dpoxylhej ksl “e,rn%ﬁf‘}‘?}“)splc%@?n?eeé‘?eg@ﬁ(?%@a r%ﬁ(}cf‘créﬁate’ butyl

f ormal dehyde reacting with nmel am ne, urea or guanam ne), al koxynet hyl

aeryi am de, carbodijmde, aziridi or derivatives,thereof, [0018]1n one
enbodi n@ﬁfy,lat?ahg'e&l@flhexé(ﬂ i‘?;%lﬁ?tﬂe ‘?estﬂ r Bethaciyialeg t'}gﬁtyél Iﬁfltjj‘?‘g?df’l[te’g?téﬂlfﬂeo‘?r t he
wat er - swel | abl e polyner. |In another enbodinent, the epoxy is cross-I|inked
to a caﬁbmﬂ'sdlinegrfgmpl,dea hystditigrallyr calfhough Hhe dnemangs ogp a¢rytamérile and

wat er - swel | abl e polyner. In yet another enbodi nent, the isoeyanate is

cr oss- | imdtkRatryloniarileyatk oxyer sglublep thef pdiyreevabdr sibedeabeormpers yane also lusedaaot her
enbodi nent, the arninoplast resins are crosQlinked to a hydroxyl group, a

car boxylihOrRBpIIbiGRoAShS. group of the water-swellable polyner, in one
enbodi ment,” t he al koxynmet hyl aerylam de is cross-linked to a hydroxyl group

of the V[ﬁbf)f - sWg) LAkl & ﬁ’ﬁlérx{)@{he nllé?:hX[ﬁE sﬁ@%ﬁbgf thE m@g%d)ﬁﬁsite tnkf@nbr]gnq[, I‘tllée

carbodiirnide or aziridine is cross-lirnked to a car group o

wat er - swel | abl I r. 10019]in addition.to.the chem cal cross-linking
Fenct | omvaeraarBE e b ahecs SRR it el Tofiic: rPER iy
cross-|inking reaction. For exangl e, a multi-chlaori B?%e%grydr ocaJbon is
cross- | irmkediant oThe caasshiakmeotgsnb Mayh eronitisedsige hea BYEORYIG sy hydgophpbis a5
guat ernary anmonium salt. In one enbodi nent, 1,6-dichlomhexane is

cross- | ignkgd dfahamwatarswellgrle pplyofer (prefarahleto sapet Withitee hydrgphilictasovns) i a
gquat ernary ammonium salt to conplete a quaternization reaction for ionic
crossli Riwg.thé QRG] LE hiey Watcesweheblhydiyaphi | The gobeiniifig tabent comprises

wat er - swel | abl e pol yner nay react wi th crosslinkabl e nononersas

N-i's ebutaegwmlfk/ﬁghe,%gw 340cYEnatel ARRAIA BQUA! (thel FREINALE Forfidldhal ReaB@hyy MEr

may be made o no i’ed polyner, such as pol yvinyl al cohol, " carboxymnet hyl

cel | ul ose. or dr oxyet hyl cel |.ul.0 i ] :
hydr ol ys‘?‘ﬂéh Blre?)%lﬁlg?’ éc()rF 4 P\ggu%%ﬁnli}\%)hégioég@? %19 fe)wrglnag}{{j?‘ie aﬁ%ﬁ@g‘%ta&% el ul ose
is an addition reacttj on product by reacting ethylene oxide with cellul ose.
100221 AdET VSISOt he fiber composite menbrane is in the formof a fiber
with a bonder, and the fiber is made from water-swellable polynmer by
spi nni nd09hni doess eshorinentsdi weidornhygridh isngyossr linded de rioysirpky | rggourrpen,
the binder is filled in the fiber by coating or dipping. Finally, after a
rol | er ahe platresvallablespgolymedenmeaddther embodimsit, eherepbxane cressdinkad reda
[ 0023] The bi nder may be a wat er sweHabl e pol yner or other polyners, other
pol ymer sasdokyB bolip a8 hp@oxyl sl ,aél_ca}h&hn{eF%{A)p opteywityr-enelabRSpolymer. In
pol yacryl am des, poly |ethaeryl am des, pol ynmethaeryl ates, pol yacryl ates,
pol yest ' [ ] The
ot orl b e e b o B I A e
material s narrow the holes i .he face_ al - [ Iy
T00251 e 6N age T Peault 2BartorrPegent dhe FTadi e st B i B 00
enhance the .

hydroxyl group, a carboxyl group or an amide group of the water-swellable polymer. In

=O

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



mechani cal strength of fiber conposite nmenbrane, an additional
cross-linking agent is added into the pinder. For exanple, nethylated

mel am ne-f or mal dehyde resin (such as hexamet hoxynet hyl nel ai ni ne) i s added
into the binder, and it iscross-linked to a hydroxyl group of the fiber

conposi t(ﬁlaf]%%%%%%én?urﬁ @g@.ggn 0RE cRbobRhddt ! V6 AchidtBndralels &?%Hﬁf{é@w an

menbr ane. n one e Inment, the fiber 1s made from

wat er - swel.l abl e pol.yjrer el ect rospi nni ng.. Then, the binder of

ol yacr yHiE (Piee of Mgt S RAUE &R Pyt PEad A oM, olfposi 1 o
menbrane. 100271i n anot her enbodi nent, the fiber is made from

pol yaer YO8 §te p dpalenizakipn BAcEPR Er AUH CIASHHYINSThen, the bi nder of

wat er - swel | abl e polyner is added into the fiber to formthe fiber conposite
menbr ang0020]028 Hurthernparef e diydsopbitisoghione of thehwaterseellabde palyendr moay rdaet

wat er swel | abl e pol ymer by el eetrospirm ng. Then the binder of

wat er - sweith edokginRably AdhomersasethichsiNHisabtifogyhethel adrgdafidem t he fi ber conposite
menbrane. [00291The fi ber of the fiber conposiLe nmenbrane of the invention

conpri sggoLy M enabieBedr, He WABALWOSHIe POGHRE hay R Mags of hhR6diRBS RBIyFhaet er
of about 1-30 um preferably 15 nm and the nanofiber has a di aneter of

osmsi s POy by BRETR0L sBpn ity Bl IO RORKT SuiBle, | YL D2
it R R s e I S R

filtration material of the invention can exhibit high flux as with the
convent i HualosR® arsditian scackion Peseieegasingsthdencdde it selilileseenvi r onnent .
Flux of the filtration material of the on is 18 UnRylir, and salt
rejecti dfozyy 60 Rédortdlywentibe stoethositel @renshrarepssr iat the fopn ed'su fibers with| & r
than 10 psi. 100311Conpared with prior an, the open pores of the fiber

conposi tndBaA@ AR Phertifendd R WakerER]1F6le PpdBEn Dyaspifif€ edchii@ues, such
desal i nati on nenbrane, thus the filtration material of the invention nmay be
oper at e A o &3S BRY TAG RNGind &5 GIEA S tHeBodr ity i doatih 9B
mat er i a?a%? tlbg%PfrI]@e t?r(% isk%ﬁvlygrra%e’by olﬁe support | ayer thy”? 5n% !

desal i nacfip'n;%ﬂg.l aﬁ'iﬁgu}f, Ufter 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



desalination effect. The filtration material may be additionally conbined
w th other conventional perneable, seng-perneabl e nmenbranes or other
polymer filnms according to actual application. [0032] Because the fi ber
conposite nenbrane has the porous properties, the filtration material of
the invepti.gnbas a desalination effect, and the filtration material stil
ha flux even 1 f operated under.ssure. The filtration material of the

i nventi be ;used i n a.desal, natio [oc Foobreat nent

ol t r apuriQogSh or RS, bRy ahe Bhor B Rhg Bb TR RERYFli-th BR0ETG oy

[ 0033] [ Exanpl e] | 0034] Coppar ati ve anpl e | 5] T iltration materi al
of @npgeﬁ%q}%é@n@g P thy Bindsre! nfo O@Hﬂﬁ@% LSy%ﬁEGE WU HRG BPRTIQIM |
pol yester (PET) non-woven (purchased from HO YU TEXTILE CO., LTD) and an
upper | apefiberscopogisempimbringer i | e (PAN) (purchased from TOM i d- TWA synt heti ¢
fiber CO Ltd., nolar weight of about 150, 000-300, 000). [00361Conparative

Exanpl e [#027037 I henoshep poatiodimgter thef fikanpamadd VenbEpalypteyldninds (B3&Y s t he
support |ayer of Exanple 2. [0038] The desalination |ayer or Conparative

Exanpl e gedt@spihaibi CAte@d t@Sbinabd OMvatr-swelIsbl®hoRdheras aMli@nidthithe fHLBAN was
di ssolved in IéOO g of N, N-dinethyl-aeetamde ( c) to provide a spinning

sol uti O%gﬁ% @%&@B@fe@érﬁﬁaﬂé was obtained by el ectrospinning with an

appl i ed 'vohage spray amount of 1000 p.L/mn a 25 cm distance

bet ween col l.ector and.spinner et nd air .pressure of 2.8 kg/crdj. A
nanot | be[wﬁ%lt or i8] & refrrap g cahogimerte Bg ik, Sebadmitony %iﬁﬂtﬁfqé e%’l%o
gi nY was obtai ned. 1003913 of polystyrene (PS) (purchased from Al drich

used as RsilvBerhy eectepspianingeo| hhed, the bamdeg ohwater-swellatle polymes inadded irto thext |
the m xture was coated on the above nariofiber 8 material at 70C for 1.
hour s t dilfeotarforinghé fibercoopupidsinembramebr aneS

[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



[ 0040] Exanpl e 1 fabrication of the water-so:enable polyner [0041] 10 g of
sodi um styrenesul fate, 40 g of 4-vinyl,pyridine, 7 g of styrene, 50 g of
dei oni zed water and 50 g of isopropanol (IPA) were dissolved in a reaction
flask, and d under N2 atnosphere at 70C. A solution containing 0.2 g of

pot assi uasRefaHh fiet, ( Kﬁ@ ﬁitfhfﬁ%ﬁ ﬁhtﬁﬁal deiyoni zagdithaxs/ caﬁlbaiéawthagglg{i into

the reaction flask, and kept for 3 hours. The m xturé was purifie
obtain 50.1

d
.of, th - 04 .
fabri catﬁogﬁergpgﬁlaéeﬁﬁe%@%’e{?gﬁﬁ%frlg?%lﬁeB%%%Ers g . %?h et{a ngy[ﬁg%ﬁe%?%crgl Hé%f)(f e was

di ssolved in 200 g of N, N-dinethyl acetam de (DVAc) to provide a spinning
sol ut i orRCtUph@PMiSA¥M-ber material was obtained by el ectrospinning with an
applied voltage of 39 KY, spray amount of 1200 ulim n 20 cm di stance be' cen
t he col I[8832r ardkcayrerthe fiber, cammbsie meprteareutas thé perokg prapRrtica, werfdiratien
material with a diameter of 70 in 120 TIM and wei ght of 60-94 gn2 was

obt ai nednateffl4t]thx &ivehorBhdsab désaihation effect)andlthdEttrationposertia st lewsidgls
10045130 g of polyaeryloe (PAN) was dissolved in 200 g of N, NNdim

acet am dgy MAGY ofeRatBd ANAG G0 RerSRE RN OTIRON Miation maldiRil BAMR!ihbaftionBhef bal was
obt ai ned by el ectrospinning with an applied voltage of 39 KY, spray anount

of 1000 jik/.m 25. | .sta r i and
ai v pressbf T dsRUm LRSI R SRATREER, IR Sl BRI S B 5330
run and w&i ht OL 30- 60 1aI n2 was obtai ned. [0046] Exanple 4 [00471The
support .59 8'3%8%06 S HMSITQEExanpl e 1 was used as the support |ayer of
Exanpl e 4. 100481The desalination |ayer of Exanple 4 was fabricated as

Mowi ng. [go3gjof BEfmxahgld] (used as binder) was dissolved in 27 g al cohol,
and then 2.6 g dichlorollexane (used as cross-1|inking agent) was addedt he
al cohol to forma m xture. Next the m xture was coated on the nanofi ber

mat er i al[0034]Exan@dipZrative I@niplé 14 hours to formthe fiber conposite

menbr ane.
[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 pL/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/m2 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



[ 0049] Exanpl e 5 [0050] The support |ayer of Conparative Exanple | was used
as the support |ayer of Exanple 5. 100511The desalination | ayer of Exanple
5 was fabricated as following. 0.6 g of Exanple 1 (used as binder) was

di ssolved in 294 g al cohol; and then 0.42 g of 1,6- dichloroftexane (used

as cross-linking agent) was added into the alcohgl to forma m xture. Next,
the ni xtlﬁ?térlaéég‘&gg Ed hSHrSttHZ‘é‘m?dli’@rfR’ﬁﬁ?‘gPP%ﬂteé‘fen%%‘Fﬁnl e 3 at 70t for 4
hours to formthe fiber conposite nmenbrane. [0052] Exanple 6 [0053] The
support | r of Conparative Exanple | was as, the support |ayer of
Exanpl e [BSX(ﬁOOS ﬁésélbﬂ‘féf‘?'bprmt%‘?wﬁéﬂ‘bpgly@%s fabricated as

following. 3 g of comercially avail able polystyrene (PS) (used as hinder)
was di s9804dd i r02x7oksodivay isemenesiateidts al hiviylperidinex? g afsyrensOlreoias
coated on the nanofiber material of Exanple 2 at 70 C for 1 hour to form
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(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 (DMACc) to provide a spinning solution. The nanofiber material was obtained by
electrospinning with an applied voltage of 39 KV, spray amount of 1200 pL/min, a 20 cm

3. A nanofiber

distance between the collector and spinneret, and air pressure of 5 kg/cm
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 pL/min, a 25 cm

3. A nanofiber

distance between the collector and spinneret, and air pressure of 2.8 kg/cm
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-



di ehl orobt ex(used as cross-|inking agent) was added into the al cohol to
fotma mxture. 10 Next, the m xture ywas coated on the conmerci al
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the fiber conposite nenbrane. 100581Exanpl e 8 100591The support |ayer of

Conpar at j. . : : 601The
dosal | el siBorotElRe fuha R IUERURR b NP RN YR oty BB s gt

pol yvi nyl al cohol (PVA) (purchased from ChangCht G oup) (used as bi nder)
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Desal i nation efficiency
Example S.

[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.



(%9 Conparative nple 1 none (only support layer) 0 %Co in pa To tiv e
PAN( conmmer ci al PS(commerci al 54.63 % Eyxanple | available) available)
Exanpl e 4 Thepol ynerof Thepol ynerof 96.

Next, the mixture was coated on the commercial available polypropylene (PP) nanofiber

material at 70°C for 4 hours to form the fiber composite membrane.

[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]  Table 1

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 %
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50%

Exanpl e |

Exanple 1 Exanple :
Exanpl e 87.58 % Exanpl e 6 Thepol ynerof;; Exanple 1 PS(conmerci al

Exanple 7 avail abl e)

PAN( commer ci al

avai | abl e) Thepol yner of

avai |l abl e)

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.



PP(comrerci al Thepol ynerof nple 1 648 IP Exanple 8 avai |ab PAN(conmercia
PVA(commercial |c) 65.04 % [0063]Wile the invention has been described by
way of exanple and in terms of the preferred enbodinents, it is to be
understood that the invention is not Iimted to the disclosed erabodi nehe
contrary. it is ended to cover various nodifications and simlar arranuid
be apparent to those skilled in the art). Therefore, the scope of the
appended AWVanhis citimgtlds:be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar arrangenents. 1 2 Wat is

glugl gl(ag ( ! isciiy ef‘ A Hgtljo%rn‘laeftér?arl] £ &egglin%%iogl,%%m%?gﬁnlglz nation, comprising: a

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

copolymerized of styrene sulfate, 4-vinyl pyridine, and styrene.

2. The filtration material as claimed in claim 1, wherein the support layer

comprises one or more porous materials.

3. The filtration material as claimed in claim 2, wherein the porous materials
comprise cellouse ester, polysulfone, polyacrylonitrile (PAN), polyvinglidence
fluoride (PVDF), polyetheretherketone (PEK), polyester (PET), polyimide (PI),

chlorinated polyvinyl chloride (PVC) or styrene acrylonitrile (SAN).

4. The filtration material 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.

5. The filtration material as claimed in claim 1, wherein the water-swellable

polymer reacts with a cross-linking agent to conduct a cross-linking reaction.

6. The filtration material as claimed in claim 5, wherein the cross-linking agent
comprises acid anhydride, epoxy, isocyanate, aminoplast resins, alkoxymethyl

acrylamide, carbodiimide, aziridine or derivatives thereof.



a desalination layer fornmed on the support |ayer, wherein the desalination
| ayer is a Fiber conposite nenbrane an( conpri ses at | east one

wat er - swel | abl e pol yner copol yneri zed of styrene sul fate, 4-vinyl pyridine,
and styrene. 2. The filtration material as clained in claimI| wherein
t he support |ayer conprises one or nore porous materials. 3, The
filtration material as claimed in claim2, wherein the porous materials
conpri se cel | 6Ude fdEaieen mpistighkas odamed ipelpimer yhegintthe piosy-baking agent

pol yvi ngli dence fluorid | NDY), pol yetheretherketone (PEK), polyester
CPET) | ol RS SRRy SnCHIE PORASSROPHER Hyt P B e a3 rphe e e
acryl oni troiflte %SfAr'\% able (ﬂ.mTrhe filtration material as clainmed in claiml1,
wherein the Ifei &r ‘X%gélQeyn%nbrane isinthe formof a fiber with a

bi nder, and the fiber conprises mcrofiber or nanofi ber. 5. The
filtration nmag effeatit@SorthelRlas dhifkdiftidim Wheh&bi thOerod@tigkng Webhiabl e

pol ymer reacts with a cross-linking agent to conduct a. cross-1inking
reaction. comprisés isddyandte bhhd deiisurysmitelsicadssdmked a akgdroxylgranprobthe wher ei n
the cross-linking anent conprises acid anhydride, epoxy, isocyanate,

am nopl a. svateresvallsbleglokomrgrmet hyl aeryl ami de, carbodiinm de, aziridine or
derivatives thereof 13 7. The filtration material as clainmed in claim
6, wherein the craoss-1linking agent. conprises epoxy and the epoxy is
cross-1inked 01§ fﬁgraﬁ%vﬁtea%wl%meghn Slfih B @ﬁ% (B Crone kI8 ALE el | abl
pol ymer. 8. The filtratio teria s.cl ai in.claim6, wherein the
Erosect i nicemprigat mee e RuBE Rl ikt A et R TrgorafBE L Mk
to a hydr g B Il abl e pol ymer. 9. The filtration
mat eri al ?sf&!(lﬁ girt?rgg’a%% S%Pg?%@g,gl%aﬁgreei n the cross-1inking agent conprises
am nopl ast resins and the am noplast resins are cross-linked to a hydroxyl
group of the vatefBuaidnabhteripiclsyimhed in claind 6, wHdreinfthd troad-liskingagatti al as
claimed in claim6, wherein the cross-linking agent conprises acid

anhydr i de cangris¢seacatanhydritly aind dhe arid anhpdradd is nkosetlinkedatornylairdosoyl ggrupup of t he
wat er - swel | abl e pol yner. 11. The filtration material as clained in
claim6, whdheyvaenavellablaspqlymgi ng agent conprises al koxynet hyl acryl ani de
and the al koxynethyl acrylarnide is cross-linked to a hydroxyl group of the
wat er - swel | ab ol yner . .12, The filtration nmaterial as .clainmed in
oram e terol b IPRdERsemperi R svase il ShPEEnERerTR LR AR | Nkt ng
reaction. : 5g§%] I | i L I LOB; erein a
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wat er - swelth alpl8roR9l ¥id8p of hetviitésvldbRRIyIaéy anmoni um salt.

12. The filtration material as claimed in claim 5, wherein the cross-linking

reaction comprises an ionic cross-linking reaction.

13. The filtration material as claimed in claim 5, wherein a multi-chlorinated
hydrocarbon is cross-linked to an amine group of the water-swellable polymer to form

a quaternary ammonium salt.



