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Q ok WBy_Ql V&2 HE A, F3h, Y B4 5o By FAAA AHEEL Stk sHARE 1A WEg RIS T
7] 8 AHEEE Bl & do] Aol A S frafsta 5491 7] &g ARtk BRIl itk whebs] Bl
Zo] WA ALLEE f7] SME EZ AE] 2EA WEH AL AZSH= aqueous phase separation (APS) WHHo| F
ok B A= APPSO HE|of APSE & WEH Y] AR FAE AvstA sk HEHIY] TR A
HE, 899 pHet & F% Ao], 2" &40 A, 7l v55 T8 24T + Utk

o 1tz o2

Abstract: Membrane technology has been used in separation processes such as wastewater treatment, desalination, and
hemolysis. However, in proccess of the non-solvent-induced phase separation (NIPS) which is the most widely adopted
method for fabricating porous polymer membranes, using toxic organic solvents is a critical problem for environmental
aspect. To resolve this problem, the aqueous phase separation (APS) has received attention, which produces polymeric mem-
branes without using the organic solvent. In this review, we provide principle and process of APS. The ratio of monomers,
pH and salt concentration in aqueous solution, viscosity of casting solutions, and concentration of cross-linkers can leverage
the structures of membranes.
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.M B 3 AAAZAY, Bl-&u-f =42 (nonsolvent-induced
phase separation) ¥ o] Stk E3|, H|&HF=4
BEHR 7E2 w2 A A(selectivity), 2 ol Hele ¥ 42 1EA £9S V)T S &
2 2, OE FHCE o] golsithe Aol FHZ TWEL, ol HEME ¥4 e $IF
A7] WZel "l BA Hg A, xS A, @ (coagulation bath)oll A A|ZIt}h ojw) wEzL &
3}, 7k 28 38 59 A FBA AHEEI ok dEo A5 g9} x| A5k HlEmjo
[1]. T34 TEAR o] Foizl HEg S T2 FHg wgo] doju} A (precipitation)©] LA, 1 A}
(phase inversion) W2l-& B3l AXHTH2) g W g34de 7HAE 1822 9Eg o] THEo HTH3].
2o VEAE T HYS & HEHZ PE o]F, 1 sA|RE olgfdk vl EAEE WHe dYd 1
B2 &8 dEjolA A FHIE HSAA WEHdS 22 894s w7 S, B falsta 40l
PAgste Aotk A AL gl S-S Ao AL dimethylformamide (DMF), dimethylacetamide
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172 Hafjd BEA= AR gE dsE 7W U=
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Equation 194 Poi-& HAle) sidsh= AstsS 7HA
L 382 AAL ou)siy, A ME 22t SAs e}
[e)

FAsE 7= #ol &g ouith A= ﬂrE R =
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der waals force, hydrophobic interaction TEgF E4)|3}
o, o]H 3 EFAR FEAE oz QA ek Tha
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Fig. 1. (a) Schematic illustrating the concept of intrinsic
ion pairs and extrinsic ion pairs (Reproduced with permis-
sion from Zhang et al[13] Copyright 2018, American
Chemical Society), and (b) photograph demonstrating the
progressive phase transformation of the bulk PDADMAC/
PSS complexes with increasing KBr concentrations
(Reproduced with permission from Wang et al.[14], Copyright
2014, American Chemical Society).
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(a) Homogenous PE Complex (b) Microfiltration
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(High salt concentration) (Low salt concentration)
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Fig. 2. (a) Schematic illustration of aqueous phase separation by controlling the salt concentration of coagulation bath
(Reproduced with permission from Elif et al[19], Copyright 2020, American Chemical Society), and (b) changing the pH of
coagulation bath (Reproduced with permission from Baig et al.[5], Copyright 2020, John Wiley and Sons).
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Top Surface
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Fig. 3. SEM images for cross-sections and top surfaces of
APS membranes prepared by varying salt concentrations
in coagulation bath (Reproduced with permission from
Durmaz et al.[19], Copyright 2020, American Chemical
Society).
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< 2Este] APS WEEHAS Axdt 1 E4S H7t
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(3)45 ] = Low M, PE solutions (b) 504 2 — 12 Wt% PE (C2)5 —8 wt% PE
% a0l % A High M, PE solutions A — -16Wt% PE A — -10 W% PE
] " o5
o 35 _a0{ =20 wt%PE | = 5] 1 —--12wt% PE
2 2 o < 5
‘w304 e 'K > I ;.
o > x o |
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Fig. 4. (a) Dynamic viscosities of polyelectrolyte solutions for increasing molecular weights and polymer concentrations. (b)
Pore size distributions for low molecular weights, and (c) high molecular weights of polyelectrolytes with varying polymer
concentrations (Reproduced with permission from Baig et al[5], Copyright 2020, John Wiley and Sons).
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4.1. Spontaneous water-on—-water (SWOW) spreading
membrane
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KX pHT e eq.2
Doy € Ap/K, weressessemnennss €G.3
Spreading " s %

PP solution W
Mixingl
Acidic water

Fig. 5. (a) Schematic illustrating the fabrication process of PEI-PSSNa membranes at water-water interface. (b) Effect of the
surface tension difference (A ») and PEI-PSSNa complexation (K;) on maximum diameter (Dmax) of the membranes
(Reproduced with permission from Tang et al[29], Copyright 2022, Springer Nature).
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B3l WEHAS AZSHA biocatalytic membrane< A
2% g glom, olFA ozl BRI Hee
a0 H7lo] FA Fae H]—;q or w7l WH
& TIPS 7 Utk
1’4—[31 32] Lente 97 1%
lysozymee v"’i:x}

qur

H #@BygQle AHse lysozymeoﬂ 93) Oﬂﬁo% JX]
9k, lysozyme?] E4EFS HU 1YL AT
T At+= S EaFH31]. Matthias Wessling 52
el W2, PSS9 PDADMAC B34S & 5%
9] KBrg& o]&aiA #d3 &4 2 =1, alka-
line phosphatase (ALP) &4E5 &4 H7}s)A] hol-

low fiber 34151]-4 ”“Hﬁﬂ AS 7FE8kdth ALP7F B
gl el 12A B4 2 2AstE S SISk
HAEG A 1434 ;6.:i-°4 o] F4 UEOR 2

AYPES Wi =2 4 ALY AR Hd(storage
stability)e HSth ALP7} WEHI 1As}EAS
o £do] ¢F | LMH/bar S7FH3a, MWCO #t2
£ WHelE Holx] ¢ktt} Hollow fiber membrane2
wall thickness”} $F7] Wil 2§71 Wslo]a MWCO
e vt AFRE BT glo] ALPY EA417F HE
gl Ao dFE FA @55 BAFI QH32].

5. Summary

S APS WHE AT AR e AshE s
DA AN pee FA Snx el
= TEZ As)E Bty @B
ek B Ao Ae) vE, T} A
o gAzke] pH Aols o B= Aol, A2y el

AAsHA Ao 4 3l microfiltration EE ultra—
filtration WEHIS 38 F ATk =3, APS 2
S FEHE SR AFESE] W] EAof 22 bio-
macromolecule S HWEH | TAFSI]  biocatalytic

membrane-S A2 4 U

o[o

a Ab
o] =EL 221dE wSH9] AYoZ A TLA)
©e] A& whol F3E A At 7N A
Al Ak el Asp)(FAME: 2021RIS-002). 7, ©] =
T2 Adtisn Seda|(FHANSE: 2024-0369)4 €
o oJate] AFHUS
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