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[42] Vo] A FAdel QAAM, 7] 2T AdlEE T, FEAEE ) E,

A dFuu, ofmtfol == AR}, V] Fo] PAE A E, Vol A
S8 A& FHfused silica), 2 AFA L FALE o] Fo] X o R BE AE N =
shut o) & E3tshE A 7 Aot ool Al gHE A & 7 ATk A E E,
A7) A EHE W] s A7) ], o] 4hEE v u] =, v b
A2 syol vl =, e BHEAS R v =, | 2RISR B2 o] )&
N}, o]l A gHE A 2 Uk

43 B9 Fdelo] ol Y] A miAbs Bl de

=5+ 9 2} o] = (Polyvinylidene fluoride, PVDF),

=9 H Eg &5 Q. 2ol & gl (Polytetrafluoroethylene, PTFE),

= 9] /d F(Polysulfone), = 24| d & 2 2} o] = (polyvinyl chloride, PVC), uPVC
(unplasticized polyvinyl chloride), = c¢PVC (chlorinated polyvinyl chloride) =
o)5o] 7 © =R HENE = b} o 42 ¥ ez AL oL, ol
A GHE A 2 5= 3

[44] ol A g o 9)\017‘1, A7 A4 HBEH LS, Fplate) HEf (I £+
7+e] 5) = T & AHhollow fiber) F EHI & 714 = A2 4 AY) th3A]
A e)e1e) 2 9ot ofel AlaH A 9 % 2.

[45] A7 A AdEF S B T(hydrophobic macroporous membrane)< ©F
4001 AHE e o] ko sjro] warske] g Wl
H) B 7] 91-Z-F(membrane distillation)2}i= #-oFo] 285 = &4 0 & oG5 o]

9t} o] WS o) L3 W Bl Z=FHUHE Hx) de AL E =
A AHE Sk (reverse osmosis) "W ol H] &l o YA g &0l =2 A o7 A
o}x) 48815 1 Q1A St o] uhel HRE BE
“=d (superhydrophobic)©] ™ o] & <l&] &l 4=2] G o] HefEx] o At
o) W Aol et B A Fel 2B ol 254 AT W) 524 H
GEA) G ERA s BEA 2ol A S whE S5 g,
= 9F 50°C WA oF 80°C A2 7FE ®l vpstE o] 9lom whe
9] £ 897 Sl Sk slobd & ] sl sl
=4 7 eE 2R QIS Il A AR
THe 498 o) g Atk 2 Y] a5 ANEE T
SR TE 9 SHAIZIA Fa B A A 07 FHA] 7] 5= Bholt) (o, J.
Membrane Sci. 2014, 453, 435-462, J. Membrane Sci. 2017 530, 42-52, J. Membrane
Sci. 2012, 415-416, 850-863, ACS Appl. Mater. Interfaces 2014, 6, 24232430, ACS
Appl. Mater. Interfaces 2014, 6, 1603516048.).
[46] +el A Fddel oM, B A AdlEE 52, 5 F 2717F °F 200
nm WA F 1000 nm B Q1 A = 1o, ofol] AFH A & = AT A E
=0, 37 27 AdsE S &% 21_715 °} 200 nm ] 2F 1000 nm, 2} 200
nm W A] 2F 800 nm, &F 200 nm WA 2F 600 nm, &F 200 nm WA F 400 nm, ¥ 400
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[47]

[48]

[49]

[50]

[51]

[52]

[53]

nm WA ¢F 1000 nm, °F 400 nm W #] F 800 nm, F 400 nm W =] ¢F 600 nm, %F 600
nm WA] ¢F 1000 nm, F 600 nm WA ¢F 800 nm, F== ©F 800 nm W A] F 1000 nm
HAJ AL = Mour oof) A gk | & 3

Hool o el de] oM, A e 4+
o521 Uanodized alumina) & 334z 219 4 01, o] A %5 4] e1 4
ek

012 9L Al 190, 4] 25 ol 225
Agetol 2, ohwn Az Ao & A etol £, Bl
A E-2lol E, 31-4 2] 7} Al &2} 0] E(high-silica zeolite),
zZt =22 A 2] 7 o] E(gallosilicate), €27 2 gl Al o] E, B2 2] €] 7| o] E(borosilicate),
g E A E, A &Aoo E xﬂ & 2} 0] E(Quasi All-Silica Zeolite by
Isomorphous Degermanation of ITQ-22), A o] &4 A g Aol E, & /7] T34,
L EEE FEHYAC|ER o] Foj3] o R ey = Al 5
RO} o] A ety A =

9 A Aol oA, A¥7 | -2k (molecular sieve)=, AIPO, MAPO,
MeAPSO & 9] ¥A}A]; 3= MIL-53, MIL-101(Cr), MIL-53(Al)-AM6, =43
Zn-Al F5 771 7-Z A [Zna(adb)x(dabeo)], SNU-80, [Nig(OH)4-(H0)x(L)s]n,
Al(OH)(1,4- 1} ek dit}o] 7L 2 B A ¢ o] E)
[AI(OH)(1,4-naphthalenedicarboxylate)], ZIF-8, ZIF-71, ZIF-90 Ni(bpb), Zn(bpb),
oCB-MOF-1 &9 3% 7] 72 A (metal organic framework, MOF);

70 (modified) == 7|2 ¥ A] -2 COF-1 & 3 771 7% A (covalent organic
framework, COF)A] A} A & ¥E3+5= A 5= 1 o1}, o]o A sty =] &S 4=
)

2ol oA FE ol 9lojA, A7) A el 7t AlE-2fo] Egsilica zeolite)=,

A 7tekel Eq, A el gtelel B2, A el b el A el7t ZSMan (n =5, 11, 12, 22,
23, 48), A 2]7F UTD-1, & 2] 7} 91 €] o] ko] E(ferrierite), 4 2] 7} AFI (SSZ-24),
A1 2] 7} SSZ-73, 4! 2] 7} DD3R(Clathrasil Decadodecasil 3R), B 2! 2] 7} IFR <

FHHE A9 sl ol A7) 22 )

Holo] o F& o) QoA A7) -2} xﬂia‘m]_éb, MCM-22, Nu-86,
Nu-87, ZSM-18, ZSM-57, ZSM-58, ¥ 111 1} 0] E (mordenite), == MTW-S X513} =
AU 7 o}, o] AgHE A ¢S T 3

Holol A FaA el lojA, A7 ﬁO]%iT Al Aol Ez, vlo] A2 F e~
Elolet A g7 ol E, e A YAl o) E, sy A g Alo) B, Ei=
AzzaxdgAelEE Eehi= A o 3o, o] Xﬂﬁﬂﬂ s T2

2ol A FE oo Ao, AV 2FA vlo| AR T T2, TF A7 R
nm ©] 31 AU = QoL ofof] AgHH A ek 5= At Oﬂg‘ =01, 471 ifu\**é
o] A2 ¥ T2 T3 A7 ¢F0.001 nm WA F 1 nm, ©F 0.005 nm
nm, ©F 0.01 nm WA 2F 1 nm, F 0.05 nm WA 2F 1 nm, C»’—‘FO.I nm WA 2F [ nm, &F

W ofn
H 0111
O
! o
“
X
2
)
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[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

0.5 nm WA 2F I nm, ©F 0.001 nm WA 2F 0.5 nm, == F 0.005 nm W A] ¢F 0.05
nmQl AL = e, oo A X & 5= AUt
Bg10] o Falele] dolA, Y] A5 mol LB E S & WA Fel 2]
D 0 B Aol BhE sz 4% 5 9ot ofo] A#E A opur)
ol A Aol oM, A7l A5 BA A" S, AT GGyl A
= BAY B3l AT (5 501, C-Cy, Ci-Cap, C1-Cio, Cs-Capy Cig-Caps C5-Cap,
W GGy S A1 e A9 3} BES RS, B C
-Cd A e FAY R EA B3l 2T (o5 E9, C-Cso, Ci-Cap,
Ci-Ci0,C5-Cao, Cio-Cao, C5-Cag, 7= Cip-Cop TAT Y A = A4 FH B4
ARE T3} EE B EI BT, aG C-Cyl A7 B ¥A
8- 3} (perfluorinated) ¥+ (o & B9, C;-Cyg, Ci-Cag, Ci-Cig, C5-Cip, C19-Cap, Cs

= 5 H ] 5 H B =] 7= H.o1 =
Cop, BT CiprCyp AT A3 = ¥X 3 F3 HE3 ¥3l £ E¥3)

H

I

el o, B8 ob 2, 28 o2l obH (alkyl aryl), T8} o} o
Hal R o R o Folzl o P E HuH = g E3lehis A F glon,
ofoll AT A 42 % Utk B Fol, 47] £4A B2} 2 Zl st
AR 7] SAE AT C-Cpl A8 E $AF 277 0) AL, 3]
%ﬂ_%:-/l\—%% CI'C30, CI'CZO, CI'CIO, CS'C30, CIO'C30, CS'CZO, BEJE CIO'CZO %—/J\—Z’: °

A8 23} = B3l g ARY Ao, ool AlghE A

wlel o Faleel glolA, 4] 254 WEeele 4] 254 AHET S
Kol =
=

Pl AREE T Aol A MzEE T

D A7 A
A G o, o] A gHE A &g Ak

L 1be 2o A FH oo & U] A5 MEEsE & F7F 286k
A HE Rl FA RS YER T

2019 A TR o4, 8] 254 MZEF S, FHAY
] 28 & (uniform mesoporous) & 2] 7} &, 112 Al vl 2F 3 w5 AHEE
&, TAA] w23 7 28, R 5528 = =42t 4550 dA4 4
H2FEs Eo = o]Folxl o2 RE AEE = AY 4 9l o), o]
A gk A] =1

28le] o el oM, 7] 7 H A9l vl 2E g A e 7 MCM-41 1=
SBA-15& -3teb= 21 5= d o, o]l A ghx #] =1t

Hdol A A oA, 7] FHAJD MEEFT TS EL vzsE
oAb BB ¥ ¥ gk A 4 QLo o]l AghE] A] gh=tt

o A A JojA, 7] FEAEE YA v AT AL
L o] Ak E B YA 2 2 ST AW 7 o o]l AlgkE X] eF=t

ol A A JoA, 7] AT xR T2, 53 2717 F5nm
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[63]

[64]

[65]

[66]

[67]

[68]

WA oF 20 nm HA) AL 7= dor), o] AgtE A &= 5 vt o & 59,
7 2 Ml E s S, s 7178 F 5 nm WA 2F 20 nm, oF 5 nm HA]
15 nm, °F 5 nm WA F 10 nm, ¢} 10 nm W*] ¢F 20 nm, F 10 nm W #] <F 15 nm,
= oF 15 nm WA oF 20 nm M A 5= glont, ofol A FH A &
A

A7) A W2 EF S £ 9 (mesoporous hydrophobic membrane)-,
oA 7FA] Ho] dkE 4= oy AA L W Ez2EE e v
HAUEFE (MWCNTDE 5802 JGAA et 37 253 258
ol A HATE EEAMERE JAAE Y AHY o a4 e
b} A7) 7F o 2 B @Ak 2 S A7 ek (1) 7] 9
FHEETE FobM A F 2F AV7F STk S A 2 E o)
7kt 5719 T 57t Hol A A F I (permeate) 2] T 5 57
stol 2| X7k (2) 371 59 U7 volA @l A7) 7F 2 &3 A JE0)
oA T3b= o] Ao 7t sobxlnh B (3) 371 25 T7F20°C '
FolA S AHE ol FAL v & A M G d EEA F5TF solAd
T ATt sobxlth kA (4) Ml ZE - AT 5°C o] 6]
S50 A 100% B =] e EE 2 725 E Adlg 5Tt ol W
THES F5seH F8E 5 Ak £ E, 5) HE
3719 fgo] M9 S wol gt Fls et ol W& T ES
T Aot (6) Al glo] Aitsl FHES] HHHETF =
whehA] W22 E T A 5°C 0] 8] W 2ol A A
7R W o} 5 e FEHOo R £33 3V E FAA L A5 F-S AT Eet

—'C}r = 70 TH =
Az% F7 5 WES 4= QY (Nanoscale, 2015, 7, 14316-14323, ACS Nano, 2012,
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[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

AR N AN E E 0= A2E 715 Bl AL 254
WE NS o] G3tel M E = FY19) G71F % HFE A E ol g5t
71E2] Ag7)ol Aol A s & e sk o) $ 3.

B912) 4 3 Z0 L, bt o) el Al 1 ol uhE 24 WH Y

Tl oA, 7] ThE A7 Aol AR A, v Az

37 FrET e AAE = RFE FUF 2k Ad Ao o]
A FHE A 5 4= Ak o1 71M, 7] Az 717 & RS S stk
#8275 AT A7 S 77 AR fEEE A 5 e ol
A g 4] g ATk

vl A Aol loA, 7] Tk A= T AN ol el ] A
HE Qe Eeeh= Ad 5= o, ol AlgE A e 5= AUt

o d FAdol oA, 37l F3 7] FrE7 E el whek ON/OFF
o] 7he st AL = ey, ofol] AlghE X ob-2 = Ut

5 8ai=, B8] o Rl ool whE A Tk A E UEhE EARRA, AT
7hE A= 9 w717 Vb AR E FdH e AT A e
S0 A R Bt AdE o2 M, Az TV Y] a9 degele
Spste] QR E K& A, 2 S-S IR He E ] B4 SR
FEHE AL = e, o]l Ay A] & =

5 8bi=, o] A e e V] ks A E UEhlE R ERA, Y]
7hg A= 7] 7a] AR 9 22 e Al A7 A E Y2
o3t A -l el AW U7 R R wEE o Y] A HEdRle
SHAA FZlEE e TR FE A AA AU THFEE DS F
U §34 02 sh= g & o] &8h= A = Ao, ool AlghH A 2 5=
A

5 8eiz, B < ool whE A Tk A E U B EARRA, AT
7hg A= AW 717V Vs AR R FdH A 2 el
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[100]  TAA SR, &= 3a WA 5 3ci=, 7] A fE Rl tiate], 242} 10°C,
25°C, 40°Coll A, |l B Q1 A2 9F=d =} 1.8 71¢h, 371 -5 140 mL/min ]l A]
/\/\H uﬂﬂgﬂolg] /\H u}o]ii = %oﬂ q] 5] :g‘%(feed) /\]—];H}\E )
% FHpermeate) 5 =0 A S UEt = LY ZE 24 25 A aglel
71&717F A st Fol 3l I Ao ol thaf 2 5mol Avkglo]

[101]

[102]

[103]

[104]

[105]

[106]
[107]
[108]

[109]

5 I (permeate) FHF5=7F L4 ghs YR Sl

% 4a WA Ede=, ] A HB ‘L’ﬂ Qlol] thsked, -7k 10°C, 25°C, 40°Coll A,
W gl A3 ke 2} 1.8 719}, & 7] #4140 mL/minol Al A=A w1 B g <l 2]

AZeA) mlo) B 2o T 3t %T}(feed) AU5E 2 5 I (permeate)
Ats=e #AE Yetl= L2524 25 Aaglo] F 5 (feed)
A5 571 el A1 A B (permeate) A 5 5= 7F DA s b= AME &
LHER AT

55, A7 g B Qe thste], 3 (feed) B s 5= 7F 242 30%, 50%,
75%, 95% A ™ & TH(permeate) 35 57} (F52] FA]) Aol whef 2o &
S e 7d5 <t Ado] gle& YERUATH

A7 AFE G2 5HAE, (1) 33 (Feed) 5 =9 53 = (permeate)  tl 5 =&
Ao B Yshs Aoz YEbHt (5 3a WA = 3c). whebA] 4]

4
PR BF UG E S5 E bR o] Joi5 5} SobAnh o] el @
A vho| ARET 2ol Y7t B BEA el 2E Y S AU
ok ohieh whel BEAe] ubsbx) Fbd o % Apesha 9ly] biol k.
olel @ A FHFE T8 FHE o g Wl n Sakgel Grigrst
R R EE =S

ESH (2) = 57F10°C A 40°CE F7atol = B 3t= o A = WEtHA]
% AT (5 3a A 5 3¢). o)== &7 WlZEET Tl 37 5o dEETt
stobA @ F7]71F 2R BEAF BE0] oA S E e st
ok Al= At v o]t}

(3) & (Feed) AUl5 =9 S =(permeate) At =+ & 7+
2 A 0w H et (5 4a WA 5= o). Wb 3 A5 57 9e a5
e o] Atlg Tt stopxIth

4) Al Zo] Aol Aot i F3=9 Al Es AT (5 5).

[ A4 2]

A4 Al 78| = 7] gl 3-oln| =X 2 E
2] 2F(3-aminopropyl trimethoxy silane)& T H g 5 A 4A| 7] ZIF-8 vlo| A2 EF
TE YL 2 N LAV E ARG A5 HEY QS THA L
Rom, FARSE A7 gkt o] = F 5ol Aakglo] & mhol A=
7 B Rl o] st o FHE AHA LR AT F USE
=3
=

=2
[}
e
T
L=
(o)

T oof o
L to Sk

°

2
rie

Qo] AL oA F 93 Aol Belo] &aliz 7] &R ool Be]
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AT

P93k 1] %=+ A )5 & (macroporous) &
A7) A ANEE F gl A E A4 nho] A 2 % F(microporous)
2.1
O, X

A7) g ol AREE T gl dAE A0 A 29T
[l e}

Fobiz, 2524 e

% 73} 2] A 18l o] A,

A7 AFA NN E S T2, FEAEE =, v dFay, 7] el
FAE A, 7lgol G4E &5 Aevh 2 254 AEAR o] Folxl
T O B RE A EE = s o] S EgtahaE ARl A HE Rl
81 3] Al 2 3ol oA,
%ﬂiT@Lfﬂbiamaaﬂgagﬂﬂﬁwwmwmme

fluoride, PVDF), 3 2] Bl E 2} 35 9 2 ol & #ll (Polytetrafluoroethylene,
PTFE), = 2] A ¥ (Polysulfone), 3= & H] d & 2 &}-o] = (polyvinyl chloride,
PVC), uPVC (unplasticized polyvinyl chloride), & c¢PVC (chlorinated
polyvinyl chloride) & o] 0] % 0 2 LE] A ¥l ¥ = 3} o] 42
Febel= A9, A HE Rl
(473 4] Al 1l olA,
h(plate) & B FE3= 5 FAk(hollow fiber) & & 7}A|1=, 254 # B 791,
[47+35] Al 1l olA,
A7 A mol AR FF T2, A, Al Al &gol E,
FE =g A o] E Al &efol E, ddFu A g Al ol E Al &l E,
a1-2 2] 7} A &2} o] E (high-silica zeolite), ZE 2 2! 2] A] o] E (gallosilicate),
ezbg A A o) E, B 22 ¢ A o] E(borosilicate), B H.& A 8] A o] E,
AA &-A A o] E A S-2}o] E(Quasi All-Silica Zeolite), F 0] 525
AYAClE, Fi: Ea5d 354870l E, 35 /7] 7 A (metal organic
framework, MOF), 2 7} 2l (modified) %=+= 7| A ¥ X] &2 COF-19] &+
71 &2 A (covalent organic framework, COF) 7] %A} A & o] o7l
oo B NE AR = EAA E Egkete] A E = AL, A4

il

uﬂ H Eﬂ o]
g6l Al Eel 9lolA,
7 25 A AR S, AT C-Cypd A E B HAY
Bl A, ©AT C-Cp®l A B A Y T8 B4 28
He R EV\%E C -Cyp2l A 3= A4 F 22 BHperfluorinated)
B ol aryl), 47 o} (alkyl aryl), o} 47 €3l A R HE 24

) 3hE o} BB g % gkl A7 o} (alkyl aryl), Fi- B4 X $he
ol okl et Ay, B3} ofd, BE3) 4 ol H(alkyl aryl), R
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