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This invention is based on an unexpected discovery of a durable thin film composite

(“TFC”) membrane that has both a high water flux and a high salt rejection for forward osmosis
20  applications.
One aspect of this invention relates to a two-layered osmosis membrane that contains a
support layer and a rejection layer. The support layer, in which a mesh is embedded, is made of
a phase separation polymer. It has a thickness of 50 to 200 um (e.g., 60-180 pm, 70-160 pm,
and 80-120 um). The rejection layer, which adheres to the support layer, is made of a TFC
25  polymer. It has a thickness of 0.05 to 3 um (e.g., 0.06-1 um and 0.1-0.5 um). The mesh, embedded
in the support layer, has an open area of 30 to 70% (e.g., 40-70% and 50-70%), a mesh size of 60-
300 mesh (e.g., 90-250 mesh and 100-180 mesh, as measured by the U.S. Sieve Series
Standards), and a thickness of 45-150 um (e.g., 50-145 um and 55-140 pm).
Another aspect of this invention relates to a method of preparing the just-mentioned
30 membrane. The method includes the following steps: (i) applying a casting polymer solution to a

mesh to form a casting solution layer that embeds the mesh, the casting polymer solution



containing a polynmer 5 to 30% by wei ght and a water-m scible solvent 70 to
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This microporous support layer may have an asymmetric structure along the cross-

20  sectional direction of the membrane. More specifically, it may have a dense side and a porous

side.
The support layer can be made of any suitable polymer. See J. Mulder, Basic

Principles of Membrane Technology (2nd ed.); and Handbook of Industrial Membrane
Technology (M.C. Porter ed., William Andrew Publishing/Noyes 1990). For example, the

25  support layer can be made of a phase separation polymer. A phase separation polymer is a
polymer that forms a porous membrane during a phase separation process, which can be
induced in several ways (e.g., by changing the temperature and by changing the concentration
of polymer solutions). Immersion precipitation, an example of a phase separation process, can
be used to prepare a membrane of this invention. Examples of phase separation polymers

30 include, but are not limited to, polyethersulfone, polyphenylenesulfone,

polyphenylenesulfidesulfone, polyacrylonitrile, cellulose ester, polyphenylencoxide,
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30 Method (2), which is preferred, is performed on the surface of the support layer by

interacting two immiscible solutions. Each of the two solutions contains a monomer, which
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Preferably, the polyfunctional acid halide is dissolved in a water-immiscible solvent, such as
saturated aliphatic hydrocarbons and alicyclic hydrocarbons, e.g., n-hexane, n-octane, n-

20 nonane, n-decane, n-undecane, n-dodecane, cyclooctane, ethylcyclohexane, 1-octene, 1-
decene, ISOPAR series, and a combination thereof.

Described below are procedures of preparing a membrane of this invention. The support
layer of the membrane is obtained by immersion precipitation in three steps:

First, a phase separation polymer is dissolved in a water-miscible non-aqueous solvent

25  to obtain a casting polymer solution.

A water-miscible non-aqueous solvent is miscible with water but does not contain any
significant amount of water. It can be a single solvent or a mixture of solvents. Examples
include, but are not limited to, acetone, chloroform, dimethylformamide (“DMF”), dimethyl
sulfoxide, dimethylacetamide, N-methylpyrrolidone (“NMP”), tetrahydrofuran, and a

30 combination thereof. Preferably, the water-miscible solvent can contain one or more additives,

e.g., polyethylene glycol and polyvinylpyrrolidone. The casting polymer solution thus



5 solution layer in which is enbedded the nmesh. The drum can be made of any
suitable material, including netals (e.g., stainless steel, alumnium
alumniumalloy, and iron), and plastics (e.g., polytetrafl uoroethyl ene,
polypropylene pol yet hyl ene, pol yvinyl chl ori de, acrylonitrile but adi ene

styrene, am de, pol met hy oI he I ne_ gxi de,
pol yest &t g 6P @@?ﬁ%ﬁﬁén%ﬁéhﬁ%a@ %@gﬁg%) SPhanden v Sh38an be
pul | ed W%oar;dhﬁoéq,rgfgltagfyl QQSCWW first, followed by spreading the casting

pol ymer sol uti on. ird, the castl ng solution layer on the drumis
rotated i nt oS@coudxatQubatmgpollyn@usdutlm fsextrudedsandppraad leagrdy onto aarotadimgi nuous

el s 1 neraEaRHE S PRfiSH BHCE B ol sp g pr GaSRy ErBes peting” | "
st r uct UWoutiohNBy G @R oMl chtis emRbbddeditkh msst? THettuEl dah 8t niagle B 86y Qh@b}@' thitedidle

sol vent of a casting polynmer solution but 15is a non-solvent for the
pol yrerinclydimgimeals del+ ptotmlasy stﬁﬁealpmuylm akgligivimonloyeand iren)i andfpastigs (o, of a

pol yrmer | r f t nd an
e e i i e T S
di met hybhasdémstgdene, Rﬂﬁ@hhlydlep)bblly@kyrﬂ&h?l,ené glolyzhhdnat L{B(ﬂy”pheﬁiﬁl@naoﬁlﬁﬁbi nation
thereof). The support |ayer thus formed can be cured in the coa uI ation

li qui d. pqaﬁsr%glr@rmls@mylw ipfepibalate) | pltemativiy hamesl cambopiisdaltthgi th a
roljqer i rotating drum This
arr gnge%éaﬁl%gggﬁg %?%v%ﬁ? {i]% %?%ﬁeéﬂﬁ% He;b agtg{cétﬁ mé‘ stomltﬁ)fn necessary, the
support | ay€eFhich thebmstingnsodation layerwattes diuo iseotated iaioy coegildtial ligod wefurm

Pr ef er abl esu ort. layer is then anneal e 0-90C to allow
el axart SHPOE K61 SRRt EEe st LB CTInE THeeaanpb P el SHE 5The
suppor tsollﬁﬁ()ﬁrlayte? gas R 5@1%1@9 nh%ro%@bﬁirﬁ%frﬁdtﬁre% qhngelgmeymw%&féus MRRRE-BhZ €
gradient is forned he Support layer during't fabrication process. The
si de fmagngammvehfand 1S(a h(end thge rsgwiseibleyitih the salvgnmﬂaeqasmgeolsmzesoluﬁmﬂws the

O haSo; Hef BahREER A0 Go pBlin: b B aagREh W e e Py RpafS S i BRRut 86 oy

cast e mﬂyraﬁm REMb{ded It cah%ﬂﬂ@frﬁb&téleor el tof wabdt@ng pRaddieite (04l €r), Dby
choi ces of solvents, 30and Iéémar sol vent weight ratios in cast i ng

pol yrrerac%n@tcfﬂbﬁ%fom dlmethylfl\rffl@l}l t digrethd yelfoxide, dieethylgggtanidsnNo t he dense
si de ofy, étﬂ)? ? HORRIE, ¢k Mgfd{&}ﬂra'n”&r?cf J@tﬁh@ihat?&{ ?i%%@zafth'e po-FPlagé:rhch&"e this,

t he suppor ayer 1s Irmrersed 1n a po ti ona am ne aqueous
sol ut i dornfiealrca@.be-clifedrin th @agaaton Bqlhdkﬁﬂmﬁgthef d’lmmgtﬂﬂ@cesghuﬁ icominuAly irext r a
i qui d dropl et d fromthe surface of the support |a To the

' 29e spptactoyith ﬁéolieg %\gppp%%rsl@.tg tha 5y ¢k vy %fpraélﬁg&rurﬁo?@*sunct i onal
aC' d h%h’aﬁl nhdht Ba %nt'f&%%ﬂdﬁb?a%@éo\‘ﬁ@kl {cjnéc%ss%hi (ﬂ%@ﬁlpht erg}ygce - 5-10

m nut es. terfaci pol ymeri zati on takes pl ace at™ 't the two
sol uti cuimse;d wﬁh uﬂatarm@rammfecanmemdmﬂ sflventnmefaraie thé suppoarsair nsthan pmreahzsl

support Ia rathin.rejection t.ona menbrane is
areq v Rrav T e ath e Ryt YR Bl el ReR wat or ¢ o
rinse @fdmuresd dual acid chloride. The menbrane can further 10be cured in

water or air_at 60-90C for 2-20 m nutes.
25 The support layer thus prepared is asymmetric and highly porous. A pore-size gradient

is formed in the support layer during the fabrication process. The side facing the air (i.c.,
dense side) has a smaller pore size, whereas the other side facing the roller (i.e., porous side)
has a larger pore size. On the other hand, the overall porosity of the support layer is controlled
by casting parameters (e.g., temperature, humidity, and speed of roller), by choices of solvents,

30 and by polymer-solvent weight ratios in casting polymer solutions.



The specific exanples below are to be construed as nerely illustrative, and
not limtative of the renmainder of the disclosure in any way what soever.
Wthout further elaboration, it is believed that one skilled in the art

can, based on the description herein, utilize the present invention to its
full est extent. publlcatlons cited herein ar corEorated by reference
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e KURRL] I?t\gat{;ro(fra I Gor TBE pfIRIFRS @ne thus prepared was washed with

30 | owm ng wa mnutes to renbve non-reacted acid chloride.
The perfor n’aﬂﬂﬂp@élf tReamplkbbelbe aaw evanv@beihsimertigriltestotiveaind mof linitatvd

salt tion a.l aboratory forward osnpsis_Cross W se The
speci Ak tyhejesaiiea OF s S4B Rt N M BEOFVdia pounctaer Sabeom i de o
the menhiang th%rfé@kﬁfeh%eaarﬂ( @aﬁdba%% Bh 'tlférkle@&%tﬁ‘)nq{e?éﬂl %ﬁ’ilh% 't}i%rbrés%nf | ow

t hrough separately. channel has di mensions of X nm f or
channelinhaitightto ith édg:smxtmud Al putilicatiesspated ihowsinyare Tlhr.@rmdrmd nbméemhcecmdhclr ent
ro s cegntrol led at 2.0 L/mn by a centrifugal punp (Mdel 75211-67,

U S A) and nonitored with a flow neter (Mdel F-400,
BI ue Wmte I ndustries Ltd., U S. A ). Heaters were used to naintain both the
feed solution and the draw solution at 25C. The solutions were stirred to
keep tHammpebgenous. A wei ghing 10 scal e (Mbdel SB16001, Mettler Tol edo

Ger many) co dto f

and cal cul at‘ggle&urgor%et()ﬁhfgﬁ%%%gg? Wemg?reﬁgr%ﬁ ﬁélgo‘gﬁg lﬂieIg rog%hrg?éagﬁdg rbg’%bte feed
to the draw IﬁlaqulyeItléEnﬂE}aWSQQhésh) as w«&@p&yﬁmﬁdnelaﬁd Sa@tBV@QUﬁwﬁ}ng}lﬂoll@(Bheand t he
feed sol ution was wat er. nmenbr anes were tested in the orientation of

t heOderseBitign ip PME, wag paph t ea%nﬂ@e%srfé apalg! o it Pedt weicanesdirigabeddad de) .
(1: ﬁlggeﬁ%ﬁ ¥ SEHIEIP g\f}\? }gf)l u% (e} ngré ?@ Fpeh/a%:; H&R‘eé@a%g @b&g{eﬁéﬁg §/Mﬁ%@ erlﬁéegg Lr face
area, gotystifor smﬂuttdmet}fembwmb(hlmsgrasmeshmmheda'dfda&mfma:bé polysulforewppors :
layer. The thus-obtained polysulfone support layer was sufficiently washed with water to
remove residual NMP, and was annealed at 80°C in water for 5 minutes.
25 The polysulfone microporous support layer was immersed in an aqueous m-
phenylenediamine solution (2.0 wt% with 0.1 wt% sodium dodecyl benzosulfonate) for 2
minutes and was then taken out from the solution. Extra liquid drops on the surface of the
substrate were removed. A trimesoyl chloride solution (0.1 wt%) in hexane was applied to the

surface of the substrate for one minute. The membrane thus prepared was washed with

30 flowing water for 10 minutes to remove non-reacted acid chloride.



A Wight J w = Water Density x Menbrane Surface Area x A Tinme . To
determ ne the NaCl rejection, the chloride concentration in the feed
solution at the 20 end of a forward osnbsis run was neasured by a chloride
sel ective el ectrode (I\/bdel 6560- 10C, Hori ba, Japan) The salt rejection,

R is calculated as: R=1(1)x100 %, Cci .in whic and Cd are feed
and draw Naclh %%Bgﬁl@a%t @féh%merr@%@dfas\ﬁéwate@:ﬂmeeaﬁefeWﬁ%fl%ﬁn%$alfs alt in

t he feegﬁe%aé gﬂé) b@fat& %Wﬁgem% tR%ﬁPeegeh%ne of feed solution at the

end of t run|n|t| solution, and Cd = Initial salt
concent r at i ofthofpetially desgneslalrodsiftow membranethk haeaﬂbhieamel drfm&h pidepdtted was

t est ed h fl 1 d 9.87%
fgfmgr dmg A ﬁiﬁ%ﬁg‘%%a Bf‘tj?ééﬁii‘geﬁ alf“? 6%:@1%9603%9%0% {h%‘ F?%r}ﬁt% ﬁfﬂiﬂbns
(HTl9 V\@fﬁnhﬁsﬂaﬁglnhéﬁsfo%o?@@ o@wj ﬁﬂnofra§ch4149@m¢@ﬁ q@ﬁgfh énlaewﬁfhepes%f)@éiiwely

menbr ane this exanple had a higher water flux and a hi gher
rejecti Blmeﬂcbmmate héccm'lrreneﬂdwm conttilled ah2d Idrmmb}ea céntuxugef pwbp 18 GFD and

ame pr el P8Rl TeE Gt Eoapred ForEi Ry Y R BERRLRROLORE on

was 13 White induddNBd DME 1{ N POHBMe R @Ohided td ﬂﬁlﬁf&moﬂﬂ@le\m JoRgio8Gnd $OW Ng a
wat er flux of 15.95 GFD and a salt rejection of 99.90% Unexpectedly, the

menbr andrawgglugion ayREE - vﬁxeéplmlpa&wamnareﬁvgh@@ theh hopeperausod Whighinghe HTI

nengy ang P& e sane
pr g@tradur s &esc@e@o tﬂer TIO gg@gg x@%a‘? 58&?%@%\%‘%&0 Itgc])n was 12

W % i n miMtddivke 3@hOEX memdgiatc)ﬂatér the vmrﬁhar;&nmlrigesﬁoagh tmhﬁ&mb@na wat er
fI ux of 18.11 G-D nar ej eCtﬁ.‘:’i‘P of 99.93% Unexpect

menbr arf&ORARe Kedinthe \AE efirap) splutiongvas 20 YhpC %ﬂtteovwi@tqwgﬁh%n t he

HTI 15 @eibiai: was water. All membranes were tested in the orientation of the dense selective
side facing the feed solution (forward osmosis mode).
15 The water flux of a forward osmosis run was calculated by the weight changes of the
draw solution divided by the water density, membrane surface area, and time of the forward
osmosis run. Thus, water flux (Jw) is:

B A Weight
Water Density x Membrane Surface Area x A Time

To determine the NaCl rejection, the chloride concentration in the feed solution at the
20  end of a forward osmosis run was measured by a chloride selective electrode (Model 6560-
10C, Horiba, Japan). The salt rejection, R, is calculated as:
¢
R=(1--L)x100 %,
Cd
in which Crand C; are feed and draw NaCl concentrations, respectively. Cr= Concentration of
salt in the feed solution at the end of the run x Volume of feed solution at the end of the
25  run/Initial volume of the feed solution, and C,; = Initial salt concentration of the draw solution.
The membrane thus prepared was tested, showing a water flux of 15.23 GFD and a salt
rejection of 99.87%. A forward osmosis membrane purchased from Hydration Technology

Innovations (HTT) was tested in the same conditions. Unexpectedly, the prepared membrane



Exanpl e 4 A nmenbrane was prepared foll ow ng the sanme procedures
described in Exanple 1, except that polysul fone solution was 10 W% i n

NVP/ DMF (10/90 by weight). The nenbrane 20 was tested, showing a water fl ux
of 17.53 GFD and a salt rejection of 99.83% Unexpectedly, the nenbrane had
a nmuch higher water flux than the HIlI nenbrane. OQTHER EMBCDI MENTS Al | of
the feaf Xamer kedehigherpvater fhpemr s ugher st rrgrting thagibs Hdd membsgne.

conbi naWh%haaéFv@z&%}filﬁ@éﬂrﬂfﬁ%ﬁﬁlaﬂéﬁﬂtfe”ecrtlﬁh%@@@@d/f' cation may be repl aced

by an alternative Teature serving t , equivalent, or simlar purpose.
Thus, unless expressly stated otherw se, each feature dlsclosed is only an

exanple of eneric series of equivalent or simlar features. Fromthe
above d ion, one skilled in the art can easily ascertain the

essenti al Chﬁrrﬁ&hgﬂahét)v'ﬁﬁr ?ﬁreH %lﬁlﬁ%ﬁfgsahﬁ\fﬁ&eﬂﬁﬁs dBREbYA H‘E’}P&fmﬁg parting

fromthe spirit and scope thereof can nmake various changes and
modi fi catdepibatafolysalfonmsadutidnomas B witfam NMP/DMR/ 610/ Bluby weighds Tan dnembrane

A vep et g G EREROPERBE ALl Attt o SRl Thepellel,

a suppotht nhe’m)’tﬁéne had AWiRdt voutd Rl dndl AHTHIRE A rcj¢bRdR tRtin tAe PITASRnSGRAS. at | on
5pol yner; and a rejection layer, which adheres to the support |ayer,

made of a thin film conposite polyner, wherein the support |ayer has a

t hi 0O to 200 pm the rejection |ayer has a thickness of 0.05 to 3
pnlﬁgnggfﬁggﬁé h has an open area of 30 to 70% a nesh size of 60 10to 300

mesh, and a Amakbresswad piépartd falbvipgrthe same procedures described in Example 1,
except that polysulfone solution was 12 wt% in NMP/DMF (10/90 by weight). The membrane
was tested, showing a water flux of 18.11 GFD and a salt rejection of 99.93%. Unexpectedly,
the membrane had a much higher water flux and a higher salt rejection than the HTI

15  membrane.

Example 4
A membrane was prepared following the same procedures described in Example 1,

except that polysulfone solution was 10 wt% in NMP/DMF (10/90 by weight). The membrane
20  was tested, showing a water flux of 17.53 GFD and a salt rejection of 99.83%. Unexpectedly,

the membrane had a much higher water flux than the HTT membrane.

OTHER EMBODIMENTS
All of the features disclosed in this specification may be combined in any combination.
25  Each feature disclosed in this specification may be replaced by an alternative feature serving the
same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature
disclosed is only an example of a generic series of equivalent or similar features.
From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope thereof,
30  can make various changes and modifications of the invention to adapt it to various usages and

conditions. Thus, other embodiments are also within the claims.



2. The nenbrane of claim1l1l, wherein the support |ayer has a thickness of 60
to 180 pm the rejection |layer has a thickness of 0.06 to 1 pm and the
mesh has an open area of 40 to 70% a nmesh size of 90 to 250 nesh, and a

t hi ckness of 50 to 145 pm 15 3. The nenbrane of claim2, wherein the
support_Jl ayer has a thickness of 70 to 160 pm the rejection |layer has a

t hi ckne?éHéfr I@.(_{L@M%I%m and the nesh has an open area of 50 to 70% a
nmesh size of 100 to 180 nesh, and a thickness of 55 to 140 pm 204. The
menbrane of claim11, wherein the phase separation polyner is

pol yet her sul f.one, Apobypyeeed bemssuhémbene pahppdiegyl enesul fi desul f one,

pol yacrylonitrile, celluyl ose ester, palyphenyleneoxide, polypropyl ene,
ponvinyledeneflu%ﬁﬂﬁ@ﬁ%$%¥y9ﬁﬂyab%F@§?%@Fﬁﬁﬁ@?ngﬁgﬂf?BﬁEFSgﬁ?% nyl ene
sul fpne, pol yatherahlrer ket one, pol ysul fone, polyam de, polyinide, or a
conbi nation thereof; and the thin filmconposite 25pol yner is pol yam de,
pol yi m de, cel | ul omgecsiondayer,pdlighuadigrespo theesubpert lieer, pwildg opa en &tnneani de) ,
sul f onat ed pol fu&anq' sul f onat ed pol ysul fone, carboxyl ated pol ysul fone, or
a conbinatidﬁ)Iﬁg%%B?ygpﬁhe menbrane of claim4, wherein the support |ayer

has a thi ckneB&edfth®Support3Sbd BaPaihidknesy & 50ab 200 uhA YIRS reftatomlal/bi Igdsess of
0.06 to 1 p and the nesh has an open area of 40 to 70% a nesh size of 90

to 250 nesh, thigkaess of Ri0SKpdgan.cindgle mesh s an@gpen awaphao teirammedlt sigs af 6h 5,
mheﬁpin thetﬁg@@q&%hhﬁﬁgﬁgn%ﬁ?gquggyp§§an9f 70 to 160 rim the rejection
. (0] .

| ayer has a thickness of rim " and the nmesh has an open area of
50 to 70% a nmesh size of 100 to 180 nesh, and a thickness of 55 to 140
rim 57.The:?enbnﬁ9e of . cl ai 1, wherein

he phase separation polyner is
pol ysul f one.* IegnerpREnGahHAhe ¥ efE‘lnéF‘?r?“P,POWﬁ@fﬁé‘ : %ﬁ’éclﬁnﬁf'%f{cﬁ?@ th
conposi t e Poig)Rh; the rGQUMATARE hada thlGe SR @S 10AmChid i ShesMAS! & fpehhe
support |ayer has a thickness of 60 to 10180 1.1n1_fhe rejection | ayer has
a thi ckness asfa @ 4960t76%4 armesh sired{ OAdo ARG meblasnda thiplaress of 50 to 145 um.
15 A
3. The membrane of claim 2, wherein the support layer has a thickness of 70 to
160 pm; the rejection layer has a thickness of 0.1 to 0.5 um; and the mesh has an open

area of 50 to 70%, a mesh size of 100 to 180 mesh, and a thickness of 55 to 140 pum.

20 4. The membrane of claim 1, wherein the phase separation polymer is
polyethersulfone, polyphenylenesulfone, polyphenylenesulfidesulfone, polyacrylonitrile,
cellulose ester, polyphenyleneoxide, polypropylene, polyvinyledenefluoride,
polyvinylchloride, polyarylsulfone, polyphenylene sulfone, polyetheretherketone,
polysulfone, polyamide, polyimide, or a combination thereof; and the thin film composite

25 polymer is polyamide, polyimide, cellulose ester, polyurea, polyepiamine,
poly(piperazineamide), sulfonated polyfurane, sulfonated polysulfone, carboxylated

polysulfone, or a combination thereof.

5. The membrane of claim 4, wherein the support layer has a thickness of 60 to
30 180 um; the rejection layer has a thickness of 0.06 to 1 um; and the mesh has an open
area of 40 to 70%, a mesh size of 90 to 250 mesh, and a thickness of 50 to 145 pm.



area of 40 to 70% a nmesh size of 90 to 250 nesh, and a thickness of 50 to
145 r AM 10. The nmenbrane of claim9, wherein the support |ayer has a
t hi ckness of 70 to 160 f1111; the rejection layer has a thickness of 0.1 to
0.5 vim and the nmesh has an open 15area of 50 to 70% a nesh size of 100
to 180 nesh, and t hi ckness of .55 to 140 JAM 11. The menprane of
clai m 10, wher ei  Dhe@ermbee;of claimanuheicarin pubnosHayer has aﬂﬂgsne%&b elRbr ane
of cl al m 10, 1 gieheird rLib@idhfkrtl FUAQIRASHIE! BADYIES: hd tfB médPRETK

tri mesamni de. i’ 135 he nﬁﬁbrane 0 %fain17, wﬁéngn the nes %g@g?
nmonof i | anment ameehd0 to 70%, aldeshiize afei®btah®0 ofkeslc laad mtlidkneshef & o tdqims.upport

| ayer has a thickness of 60 to 25180 vim the rejection |ayer has a
thickness of 0.06 to 11.1M and the nesh has an open area of 40 to 70% a
neshy size of790 tPhZPEmBRSE of 8RN 2, WhbelNgs phab sethritRnlfbPyhédTs polysulfonk-
The nenbrane of claim 14, wherein the support |ayer has a thicknéss of 70
to 160 rim the rejection |ayer has a thickness of 0.1 to 0.5 Jim and the
mesh has an gpen 30area,of 50 to 70% a. nesh.si.ze of 100 to 180 h,.and a
Tht ckness. of 255t bagpine 37 clygn PrihefiaBE INERER Bt Aotmera RS fnicl i o
filmconposite polynmer is nphenylene trinmesam de. 17. The nenbrane of

claim1, wherein the thin filmconposite ﬁolyner is polyamde. 5 18. The
nmenmbrane of ¢l ai nfhermephwpgphclaie Sswpersinthe sunpertiayer Hag hihigknesssofg0 tgo t o

nasan opon Srda ol € FR0F hafh LEISEREOM o 8 4Ryhe Hlhn FAft Gfen™"

t hi ckness ofar&Doft48) th4H%§ alvhesh size of 90 to 250 mesh, and a thickness of 50 to 145 um.

10.  The membrane of claim 9, wherein the support layer has a thickness of 70 to

160 pum; the rejection layer has a thickness of 0.1 to 0.5 um; and the mesh has an open

15 area of 50 to 70%, a mesh size of 100 to 180 mesh, and a thickness of 55 to 140 pm.
11. The membrane of claim 10, wherein the mesh is a monofilament mesh.
12. The membrane of claim 10, wherein the thin film composite polymer is m-
20 phenylene trimesamide.
13. The membrane of claim 7, wherein the mesh is a monofilament mesh.

14.  The membrane of claim 13, wherein the support layer has a thickness of 60 to
25 180 pum; the rejection layer has a thickness of 0.06 to 1 um; and the mesh has an open
area of 40 to 70%, a mesh size of 90 to 250 mesh, and a thickness of 50 to 145 um.

15.  The membrane of claim 14, wherein the support layer has a thickness of 70 to

160 pum; the rejection layer has a thickness of 0.1 to 0.5 um; and the mesh has an open
30 area of 50 to 70%, a mesh size of 100 to 180 mesh, and a thickness of 55 to 140 um.

10



1019. The nenbrane of claim 18, wherein the support |ayer has a thickness of
70 to 160 um the rejection |ayer has a thickness of 0.1 to 0.5 um and the
mesh has an open area of 50 to 70% a nesh size of 100 to 180 nesh, and a

t hi ckness of 55 to 140 um 20. The nenbrane of claim 17, wherein the nmesh
is a nonofil ament sh. 15 21. The nmenbrane of_ claim 20, wherein the
support Iaye?ﬁhasTgeEf’ﬁF’@lE@d’@s@C@Fmge“@ére%@eG}H?f‘ﬂlﬁéoﬁ@j"é‘&ﬁ’%}’fn?r&?@?' has a

t hi ckness of Q. 0f4t Yirheddbllde @Nd the nesh has an open area of 40 to 70% a
mesh size ofp9cr)19t(l)l Zéoerres%e,’ and a thickness of 50 to 145 um 2022. The
menbrane of claim 21, wherein the support |ayer has a thickness of 70 to

160 um the jectjon layer has.a . thickness of 0.1 to 0.5 1.1M. and th

mesh has an Lf)en ib%ﬁleﬂ"%}la@@ OESIS&*]’B%W e eé‘il&é?fafcomeﬂfe& @Bﬂh‘é@ﬁfy ‘a

t hi ockness of 55 to 140 urn. 23. The nenbrane of claim 22, wherein the thin
filmconposite polynmer is m 25phenyl ene trinesam de. 24. The nenbrane of

cl ai m 17, whif-ei nThheembianefolf claim dipekértia thosuppert laxsr has ptheckpessd 60 to

trimesam de. 5. The menbrane of cl.ai,m 24 in the, suppo | ayer has a
t hi ckness ofl%)g“’?baefgﬁgg%ala}(% %G %}}Eﬁr’ie dfldé\@éee{oe%%@’ and ﬁ’leé‘%ﬁéi‘gs O’f06 to
1 pm and t h@edreS40 A%E M BRI FD0ab 240 nicth, B0 thickRER 0S55@ & Pf5 94, to 250
mesh, and a thickness of 50 to 145 pm 526. The nenbrane of cl ai m 25,

wherein the support |ayer has a thickness of 70 to 160 pm the rejection

| ay. has a idi ck - 0. . ] of 50
to Bho a mosh oi e Deipgte bs bl 1R ke HipaER: A%, ARUBRRLRGS

27. A net hodl§0grmthk irejgctivn lagmbas s thiekmbssaotd. Lanfs iusi; agd thHOaghl hes ag open
casting pol yar;ge[ ofs 50()I tl(J)t’)O%: atrr?es% s?z%so 158 t(]; %Omm%sh(,: %ﬁé Iart}lglclgn%lssu (t)fl SOSntoI 16411 eurm.t hat

20. The membrane of claim 17, wherein the mesh is a monofilament mesh.

15
21. The membrane of claim 20, wherein the support layer has a thickness of 60 to
180 um; the rejection layer has a thickness of 0.06 to 1 um; and the mesh has an open
area of 40 to 70%, a mesh size of 90 to 250 mesh, and a thickness of 50 to 145 pm.

20 22. The membrane of claim 21, wherein the support layer has a thickness of 70 to
160 pum; the rejection layer has a thickness of 0.1 to 0.5 um; and the mesh has an open

area of 50 to 70%, a mesh size of 100 to 180 mesh, and a thickness of 55 to 140 um.

23. The membrane of claim 22, wherein the thin film composite polymer is m-

25 phenylene trimesamide.

24, The membrane of claim 17, wherein the thin film composite polymer is m-

phenylene trimesamide.

11



enbeds the nmesh, in which the casting polynmer solution contains a polyner 5
to 30% by weight and a water-m scible solvent 70 to 95% by wei ght, the nesh
having a nesh size of 60 to 300 nmesh, an open area of 30 to 70% and a

t hi ckness of 45 to 150 pm coagulating the casting solution layer with a
coagul ation |Liquid to génvert t he 15castjngﬁsolution | ayer .into a support

layer; and 2° ¢BameHgraeslchup@4orheri thepppert lavey 8as sihickngss j6ddpi on
| ayer by inte L 8] N7 ' ' . o8B PRA: g Gledl ei n
the coating s%i%&fseg@?#é&ﬁ%%%g%b?ﬁ?gégg%%ﬁg<g§)28aqgé%ﬁ§q%%+§%ﬁ%c %hal
am ne sol ut i amaof §htoaf0% rdmeshotize ESI0pth 266 eshaind achdkixat 080 sol4ft jan on t he
surface of the support |ayer.
5 26.  The membrane of claim 25, wherein the support layer has a thickness of 70 to
160 pum; the rejection layer has a thickness of 0.1 to 0.5 um; and the mesh has an open

area of 50 to 70%, a mesh size of 100 to 180 mesh, and a thickness of 55 to 140 um.

27. A method for making an osmosis membrane comprising:

10 applying a casting polymer solution to a mesh to form a casting solution layer that
embeds the mesh, in which the casting polymer solution contains a polymer 5 to 30% by
weight and a water-miscible solvent 70 to 95% by weight, the mesh having a mesh size
of 60 to 300 mesh, an open area of 30 to 70%, and a thickness of 45 to 150 um;

coagulating the casting solution layer with a coagulation liquid to convert the

15 casting solution layer into a support layer; and

coating a surface of the support layer with a rejection layer by interfacial

polymerization.

28.  The method of claim 27, wherein the coating step is performed by interacting an
20 aqueous polyfunctional amine solution with an anhydrous polyfunctional acid halide

solution on the surface of the support layer.

12



