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Abstract

In the practice of membrane fabrication, in addition to the basic three components
which are polymer, solvent and non-solvent, additives are often added to modify the
structure and separation efficiency of the membrane. Even only with small amount of
addition, the membrane structure and separation efficiency can have obvious changes.
The four-component-system is quite complex, so there are no thorough understandings
of the functions of the additives and what role they play in the literature. In this study,
polyethersulfone and polysulfone are dissolved in DMAc and 2P, which are two kinds of
solvent with different solvency, and different concentrations of PVP are added to the
system to fabricate membranes via wet immersion method. By establishing and
analyzing the systems, we clarify the additive effects on casting conditions, membrane
structure and filtration performance.

The addition of PVP would make the casting solution viscosity higher and also affect
the skin thickness of the membrane. The more PVP is added, the thicker the skin becomes.
But there shows a different trend in the low viscosity system and the high viscosity system.
Due to the strong entanglement of polymer chains in the high viscosity system, the
stability of the system is high enough to resist the direct inflow of non-solvent, so the skin
thickness increases significantly. Furthermore, PVP can play the role of pore-forming
agent in the low viscosity system, which enhances the connectivity and boosts the water
permeability. However, in the high viscosity system, the resistance caused by skin
thickening far exceeds the positive effect on connectivity, which makes water
permeability decrease. According to the experimental results of protein retention, it is

v
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shown that the influence of PVP addition on the structure of the membrane is mainly for
the cross-section area rather than the top surface, which maintains the outstanding
capability to block particles.

After comparing and normalizing each system, our research finds that fabricating
membrane of high permeability is highly related to the competitive relationship between
pore connectivity enhancement and skin thickening. This principle is potentially
applicable to different polymer/solvent/additive systems, as a reference for formulation

design.

Keywords: Polyethersulfone, Polysulfone, Additive, Wet immersion method, Filtration

performance
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7.5 wt.% Water 8.0 wt.% Water

8.5 wt.% Water 9.0 wt.% Water

9.25 wt.% Water
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without PVP with PVP
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Permeability (LMH/bar)

B 1-21. (a) % & 8k (b)E F 8 k2 B 4157 & BT
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Fo% REUPamL R

2-1. R E&HF

1.  ER Polysulfone (PSf, Udel P-3500, Mw=50800g/mol, d=1.24g/cm3, Tg=190C):
Amoco Performance Products Inc. (Ridgefield, CT, USA)

2. X _pm Polyethersulfone (PES, Mw=75000g/mol, d=1.37g/cm3, Tg=225C) :
BASF Ultrason E6020.

3. Rt Yest=zfk Polyvinylpyrrolidone (PVP, Mw=50000) : BASF

4, N,N-- 7 2z fgre N,N-Dimethyl Acetamide (DMAc, d=0.94 g/cm3) : Aldrich
Co., Ltd.

5. 2-wvte&fp 2-pyrrolidone (2P, d=1.12 g/cm3) © Aldrich Co., Ltd.

6. % F)f* Lysozyme (From chicken egg white, Mw=14400) : Sigma-Aldrich

7. 2 33 -k Deionizedwater : B> 2 B2 F1 g HEEF%RT

8. ki ¥ Liquid nitrogen: #'m #¥ 3 A2 P

2-2. FEHRKRE

1. &3 = 4= (Electronic balance) : A&D HR 120, capacity : 1x10*~120g -

2. #HRNTEASHEWIEE (Magnetic stirring/ heating) : CORNING PC-420 » 8
F% 4+ 6795PR -

3. /i%® ik (Rheometer) : Anton Paar MCR 302, spindle: CP25-1 @ R = 54§15 <
FirH188 k.

4,  E V3B m e (Stirred cell, 50mL) : Amicon, UFSC05001 -
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5 E#F V% E 2+ (thickness gauge) : TECLOCK, SM-1201

6. #F# T 7 B s (Scanning electron microscope) : Nova™ NanoSEM230 » &
Ragelt S SR Sl i X S

7. % ebsk/¥ Rk kiR (Ultraviolet/Visible spectrophotometer, UV/VIS) : CARY

300nc, Agilent Technologies, Malaysia, » #% £ iG55 o & R IL o

2-3. RE&E

2-3-1. &5 e sl

e ST s X R N RSN SUIEE X R RN
TR FFERAE S R A R R Ao B b~ R AL & L B (00 parafilm
BT ) R FRREILE RIS M A0 CaRE T A REEIRRI I P

PRI ZRENEFLEFL NS N ARV IETER o

2-3-2. BFNE S

ARy RRPRFGE R A A A 3R 3 AR E D R o 1Y
300pum AP 7 S $ Ao @ 62 TR EER e A R 2R AICK)
AR P EF TR E A - RGBT S - PR R

AR R RN TR RIE F R R A R B
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B 2-1. B30 SR E T R B

2-3-3. EBHA
AFINEERHFR T FRMAEEFERA 0 2 e SHEAGIRR - F

EHOCERTICRRIS TV RARSUL cF UG e E o F R R

PR g A BT TR RRP S E B EAE R Ry R R ER Y AT

G N R BROERH - FARE R R R AR AL AR RESER

THRBELIFRLT SELREA TR MRS LR RBP S FHE Y

‘}ﬁ'#&f?ﬁi’]‘ﬂ?"z—i xl%l;jf_‘)]\ A S AN N %@iﬁﬁf% fir‘?’%? A DS ﬁ&\; °

2-3-3-1. ERF REEAR RBHEH T

E R 0T A P RR G A BF T E M WA F B

R

gt ORIV (B DB MK Ak S RF R A RS AR T L E
A3 o Ao 2-2 ron o AR (Skin) SRR & 5 EAITUR TR D A e B ehk Rk
Mo -~ BREHES A KGKkinE R F A G D E A TFAR AL FEH 0 AT B
BG4 E ARG - RePIIF Y > B4 G 3 F AT Asds = 8 BOEERd iF

skin & & & > 4o 2-3 #7o7 o

i
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WD | spot|Landing E
) 51 mm | 3.0 | 5.00 keV
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RS 3 4 7"“5.‘
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4 ;’_:‘ E
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L
q
=
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W 2-3. 4K B

2-3-3-2. g e ﬁ_ll"l Z
KR BRAEr, § A d e = SR R g

spinodal decomposition 1p 4 > 25 = F &+ F 48

3%

FARE SR AP OREE B

BA S GRS SR E A LK P

& i i

LiF o @ T IV R L1 B

o

KT G R bo W 24 S
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&

det —1pym—

) X LD Nova NanoSEM

B 2-4. g %4

2-3-3-3. Wmiz Rk B ﬁ"-i"] E_
P A iR Bz A EFEFUE A F B4 5 52 nucleation and
growth Ap A 4> §2) 3§~ 3 G40 540 ~ 3 4 F P45 7 d FApchime ik g

HoFit i~ WA BE A P BEERF HPIUL > TP X LL ek B 4R

mag “HYV det | WD spot| Landing E 2um
30000 x|5.00kV |TLD |53 mm| 3.0 | 500 keV | Nova NanoSEM

Bl 2-5. km FTE')EIJ\{;%T#
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2-3-4. BAFRRISBETER
AFEy ¢ @ * ¥ _coneandplate | ;N 2 % R o S 415U 5 CP25-1 0 E T :

24.983mm > 4R 5 1.001°

o

AEE BB FRF- AF PRI £ 50 T

RE -SRI BIRI O RIZETTERLPHFE2ZBA TR RE RS + 5

4y

FEBLEFER O ERZFERETE25C BRI, ZFLEERG
F5EF TAR c FRBIET 2EFA60fMd 0. 1s! B 4e 1 150 sty @3
3R H i T HARR (5 F R AT R @I T S 0 PR -

TR AR R BN AR T RS NTIRT s &4 S d 0.1rad/s T 628rad/s

CHEES = SRR L

2-3-5. B EFART iR

L R R WA R m:}p Jf;‘,i.—’ﬁ = kR i i I (pure water permeability)

R F e F 5 (retention) o @ AT F A7 1€ * ch§_ Amicon (i g e H

%= B wis P =tk (7 (batch operation)s K ¥ 0 Bt FFAEAE 5 SOmL 0 H ey
PR WEREETEALEREN R % & L s(fouling) i 4 @ BB RS

T nZ|ET o T RSB A R R REEFEEF F 2
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Dead-end mode

Membrane B2 77T
7

Permeate

Bl 2-6. E vtk T

2-3-5-1. #H-RFFF

BRI ARk R T E iR & T kB R 1 A KRR B DR
HAFMEERT XE LN 42 24 SF] o FH AT EE BT ERLIEL R
Bl BB g PR ERE TR O RS H R HFRER S RES
b RSS2 30mL hd A ko (SR R S e 5 S R e

B IF¥ o % - 9 % compaction (B3 ~ BRF)> — L@ * 1.5 bar B4 & 2458 %

2

oAl 2 A AR EATAE G S0ml ch2 B3 ok 0 %0 ] bar B4 (6 % R85 iE
e PR R - AR 2 R ATTE R R T % 38 2-1 R kR4 Ap (bar)-
Yo b 2 R A V(L) #7 3 PFRFAL (hr)o 2 2 F 200G A AR e R B2 T, m?)

3-8 sokiE B S ), (LA(h - m? - bar), LMH/bar) °

— 2-1
Jm A-At-Ap ?
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i_’ lid
T om Y

gas inlet - 1

feed tank t—

] ) 4——— stir bar
~—__

O-ring <—

]
support plate  e—— S

» membrane

\

permeate outlet

) 2-7. Amicon ® i jj -2t & B
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2-3-5-2. 3 Fp* (Lysozyme)# 7 ¥
KE 7 Lysozyme(A 5 £ 14.4 kDa )it 5 £ § Rl ¢ #5e0 4 4
Foafgiatdt > 2R FmepRgy gkl > @ o hk/v Lk

FH R re o Lysozyme 15 zll?'”ﬁ o £ (278nm) e TiE B i TR Lysozyme

BYFeg@Esahm B FEFEZHAIARAR A @ nsd 4 4
K% # 5 40mL &0 Lysozyme ;3 7% > * o 08 F F apiERE 5 #F 4 fouling > #&
€ B ECT BIRAE 1100 rpm i o Bfille o B & T4 - TR (S T GG
B B TR 1S SRR o F BUR A en 10mL ~ B 2 R S en 10mL ~ B
Fleen20mL 2 p &7 1 ek R A~ 47 o

#ri% 38 UV-VIS £ & £ 8| Lysozyme 3 ik ik & > 2 2 - iR A - fe il
0.2~0.1~0.05~0.025wt %3 % o 3 F Rl E v BT A 278nm T T iE
i 722 2 - % Lysozyme " fT B $H0k & ik B 4e & 5 0 4o 2-8 77 o B & Bgp A
173 R A 278nm TR AS TESR T IV A 2R EMEFINHER - A F E T

AARMETI ARG B TFAM A L] A PP RS o BT IR,
02238 HPC i B kR i IR B ER 45 2% FRT o
B 23R R G LR RIRR > ok AR R 0 Vp R FIR L

A > Vyo b A he e LA o

Rr=1 Cy Xp_2
T — Cf X
C V
~f _ (_f)—Rs A2-3
Cro  Vro
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i y =20.964x + 0.1808 .9
i R2=0.9973

: .

- ‘...

0 0.1 0.2

Concentration (wt%o)

B] 2-8. Lysozyme 7 278nm ¥% *F sk exjg T iR B F AR
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¥z BB

* 3 BB A (PES) ~ B (PSF)% 4~ + 33 NN-Z 7 ¢ fpis (DMAc)¥&
2-v4 vk i (2P) A B A B e A o T4~ AR R JTJ,; pleX 2 AR (PVP)4E 3 7 B 3 &~
/B A G R f TN L R R E g A VAR 0 T PRI R RL T P A

s R EFE T T F A A

1:»

 RARR R g Rk

SR S5 AR T e M PVP him 5 H0R 51 4

Wi g 3-1 ¢ 23 fRR SR L B 0 7 g I DMAC 4p 0t 2P ki

(RN

3+ PES ~ PSF £ f#4 f i cia > 7 sh A $c 1RIE & 488 S22 R S
LEESV UL o B iRR S GAPT ) A A FIEY 4 fApiT e 3 B AR g .
AR RADBERERB LT %ﬁéﬁ_’rﬁmﬁiﬂﬁ,ﬁzﬁr'gé}éégﬁi%% 4 b, Ep

A IER 2P ko FRBAER oM el - AW kS PSF kg B G RE

F_

LB AP S E A e 7 P g 0 2P A A e PSF A, & 4 F B k1S
F AR R SV R Z,"—H% 44 AL AE Tz M MRk R
SRR PRE o P R RRIE B E AR EA 0 BT F AR AR 3-1
Aron 0 PR SR S ETEY 2P Gk ALedE R P A Y DMAc kS keng o @bt
BAplE B A F R E FALA e~ PVP evd=4pdb R > PSF2P 4 %L i 5B o B 3-1 =
B e r PVP (5 & G MEEWR AR L A A BT SRS RLL 2 o B
REA R AR g2 PSR A T 0Fr 4 g iy
(entanglement) °

d > DMAc & 2P 3 #3287 7 #7i¢ * chg » + PES~PSF M{rtZ £ 4
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)

X o3 KMARPE X LR > A T B 5S4 0 PVP 2 2 bR g R

PRF SRS ERDT AL RPRRADEE ) FE TR EE BT

KA S it o L bk T Reng & ¢ MALR FL - £ Rk TAa b FH

OPES12/2P OPSf12/2P MPES15/DMAc MPSf15/DMAC
50000
45000 o
40000
& 35000
< 30000
)
£ 25000
3 20000 ©
> 15000 ©
10000
o
5000 8 o :
om = n ..
0 1 2 3 4 6 7 9 10 11 12 13 14 15
PVP additive (wt%)
B 3-1. & k%A% F PVP /,9]‘ v § T RLRE
# 3-1. AL TR Y hF A FJon BB ER S
Dispersion &p Polar 6p H-bonding &y Total 67
PES 17.6 10.4 7.8 21.9
PSF 17.4 6.3 6.1 19.5
DMACc 16.8 11.5 10.2 22.7
2P 19.4 17.4 11.3 28.4
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328 A, ~ BRSO

AFT A At PVP 0k sz 5 SHE 0 117 Ap ke iR AR 7
DMACc i3 %[22 2P A R B 1 eniE w3 % B+ chL B o d B 3-3(a) ~ 3-4(a) ~ 3-6(a) »
3-6(a)kg v AR B E B K AEME 5 B3O DI R DE JIF 0 e R B SaE
Fmit g g > ¥ U F IR & PES/DMAc i %o E ATV B 5 4B 7 @il ik o
4o 3-13(a) 0 Pt Al ke L BN ERBEEFT S ALPL RN A2
vk B4 o 4o 3-18(a) - PSF/DMAC i is i LB T4 B 7 @i «nE ]34 F B
Bl 3-13(a) > + 5|7 w9z B4 4o @) 3-19(a) - & PES/2P k st F1H fo§ ehdb & H

e RRETME B AL PEFFAAEERER A ¢ 12548 % 4 i& 7 spinodal

-C-

decomposition 4p A 32 = i i FEEIC & i 2 F SR 4 4o Rl 3-16(a) & 3-21(a)e
PSF/2P ik %uildp bt @ALR A 4755 % » » B H WG DAL - 3 Ry RER T
EAREREAAN ERE e IR A AR SR PRS2 F
S HE 0 Ao 3-16(a) 22 3-21(a) o gk B B HEAIRA o B 80k R F T A K Aiy
BEF P A o 4oB] 3-23(a) ~ 3-24(a) ~ 3-26(a) ~ 3-27(a) BB B K o
4t r PVP 607 MF 3| & i stinmit g A 4 1 4 - eh% 1t o & PES/DMAc-
PSF/DMAc i $t4e » PVP > &t 3RE J|34F B L3t kg B 4e DRIV 0 4o B

3-13 % 3-15° @ %% PVP e & cndif 4e 3 15wt% > &5 kR < g 21 > ¥ 11

5

BB T IR B R R R 0 4o 3-18(e) % 3-20(g) 0 £ @

BRI 4§ 3-23 3 325 PIA G N w S PSR R RRG DA
BT E RVt & o T F IR e B s e d LT 2 BB doB] 3-8 13-
100 Gifs B MPETHIFRIC Kafhd 5 BEOIFRA o & PES2P - PSF/2P

‘e r PVP» AR R b 308 5 SHEM R & 4ol 3-16~3-17» T8 v

doi:10.6342/NTU202204105



FALFEF A 4B 3-21-3-220 & B A4 4 & 2B 300 BlA BRI P B AL

BOOEF G RAA BAT KA IR TS T

(dm
W’h‘
3
o
=
4
X
Ja
/\i
=

Bt > do@) 3-11 ~ 3-12 %757 o
o - 3 AR R AR B B e d w07 JE U

FrAlE ATV hd 2 o gt L kBt x PVP (SR R B e A se % F)
f& o @ 5T % B A2 L% 0 1) & PES/DMAC ~ PSF/DMACc M 4RR i steni i
%Pl & & PVPleachingout ei7 5 F B > fed| W dsragsey > #e % i
SN A M R N PRARRRI L T N R R ARG 6 ¢ R R e B T
2ok HRAc ] 3-2(a) 0 T A B AG e E Y RE ARG SRS F TR
FR b g2 (5 N EHMERF AT HAE G BH w4 o PVP d 2ty
HERMfe PG AT A B AT @ F e DR B AR b R

IR R R F)C JUR So A leaching out 4k Ap A BiS IR 0 - 2 6
PR AR KT BRI R 0 SR FF AR ¥ - 26 R 2 it
’}ﬁi% JE mre ﬂ%g—#ﬁﬁ% = i ’é‘é—f#* B+ 7 spinodal decompostion ¥ it B~ % 7

SRR R S AR A B B AR

B 3-2. 223 RARE NIk 2 ﬁ(a}r‘ﬂ»«é«)i/?“ (b)% %&«)iiﬂ]‘ 4u
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(a) cross-section (x1000) (b) cross-section (x1000)

(c) cross-section (x1000) (d) cross-section (x1000)

(e) cross-section (x1000)

i

B 3-3. 15wt%PES/DMAC/PVP i stz 7 /,’J‘ B2 EEME G S

2

(2)0Wt% (b)1Wt% (c)3wWt% (d)5wt% (&)1 5wt%
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(a) cross-section (x1000)

(c) cross-section (x1000) (d) cross-section (x1000)

) 3-4. 15wt%PSF/DMAC/PVP % 5.2 % ¢ /,’J‘ B2 ORFHE G S

(2)0Wt% (b)IwWt% (c)3wt% (d)5wt%

41
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(e) cross-section (x1000) (f) cross-section (x1000)

(g) cross-section (x1000)

®] 3-5. 15wt%PSF/DMAC/PVP % 5.2 % ¢ "T B2 ORFHE G S

(&)TWt% (H)10Wt% (g)15wt%

42
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(c) cross-section (x1000) (d) cross-section (x1000)

(e) cross-section (x1000)

Bl 3-6. 12wt%PES/2P/PVP % 5.2 % ¢ ”;J‘ B2 EEME G S

i

2

(2)0Wt% (b)1Wt% (c)3wWt% (d)5wt% (e)10wt%
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(a) cross-section (x1000) (b) cross-section (x1000)

(c) cross-section (x1000)

4

2

B 3-7. 12wt%PSF/2P/PVP i %u2_ % ¢ /f]‘ e g 2 OEHMA G

(2)0wt% (b)1wt% (c)3wt%
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(a) cross-section (skin x10k) (b) cross-section (skin x6000)

(c) cross-section (skin x15k) (d) cross-section (skin x10k)

(e) cross-section (skin x10Kk)

] 3-8. 15wt%PES/DMAC/PVP i st2_ 7 Ir /,’J‘ S A W RS U 34

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)15wt%
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(d) cross-section (skin
x8000)

(c) cross-section (skin x10k)

® 3-9. 15wt%PSF/DMAC/PVP s stz % /7’]‘ S A W RS U 34

(2)0wt% (b)I1wt% (c)3wt% (d)5wt%
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(e) cross-section (skin x8000) (f) cross-section (skin x10k)

(g) cross-section (skin x2500)

Bl 3-10. 15wt%PSF/DMAC/PVP i ¥z % o ik 4 8 20 L B 2~ gy

(&)TWt% (H)10Wt% (g)15wt%
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(a) cross-section (skin x20k) (b) cross-section (skin x10Kk)

(d) cross-section (skin x10Kk)

(e) cross-section (skin x5000)

@] 3-11. 12wt%PES/2P/PVP s kt2_ 7 ¢ /f]‘ e ® 2 gR s R

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)10wt%
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(b) cross-section (skin x5000)

(c) cross-section (skin x5000)

] 3-12. 12wt%PSF/2P/PVP s ke2_ 7 e "T e B2 AR R iR

(2)0Wt% (b)1wt% (c)3wt%
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(a) cross-section (upper x20k) (b) cross-section (upper x50k)

5

(c) cross-section (upper x30k) (d) cross-section (upper x50k)

(e) cross-section (upper x50k)

] 3-13. 15wt%PES/DMAC/PVP i stz 7 /f]‘ fe g 2 b IR A O

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)15wt%

50

doi:10.6342/NTU202204105



(c) cross-section (upper x50k) (d) cross-section (upper x50k)

] 3-14. 15wt%PSF/DMAC/PVP i kt2_ % ¢ 7 R RN LIS &

(2)0Wt% (b)IwWt% (c)3wt% (d)5wt%
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(e) cross-section (upper x50k) (f) cross-section (upper x50k)

(g) cross-section (upper x50k)

] 3-15. 15wt%PSF/DMAC/PVP i kt2_ % ¢ i R AL LIS 2

(&)TWt% (H)10Wt% (g)15wt%

52

doi:10.6342/NTU202204105



(a) cross-section (upper x50k) (b) cross-section (upper x50k)

(c) cross-section (upper x50k) (d) cross-section (upper x50k)

(e) cross-section (upper x50k)

] 3-16. 12wt%PES/2P/PVP % 327 /f]‘ fe g 2 bR A O

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)10wt%
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(a) cross-section (upper x50k) (b) cross-section (upper x50k)

(c) cross-section (upper x50k)

Bl 3-17. 12wt%PSF/2P/PVP s %e2_ 7 e /,T R RS LI S S - A

(2)0Wt% (b)1wt% (c)3wt%

54
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(c) cross-section (lower x50k) (d) cross-section (lower x50k)

(e) cross-section (lower x50K)

] 3-18. 15wt%PES/DMAC/PVP 4 527 ¢ /f]‘ e g 2 TR A Oy

(2)0Wt% (b)1Wt% (c)3wWt% (d)5wt% (€)1 5wt%
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(a) cross-section (lower x30Kk) (b) cross-section (lower x30k)

(c) cross-section (lower x30k) (d) cross-section (lower x80Kk)

] 3-19. 15wt%PSF/DMAC/PVP i st2_ % ¢ 7 R AL LIS 2

(2)0Wt% (b)IwWt% (c)3wt% (d)5wt%

56
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(e) cross-section (lower x80Kk) (f) cross-section (lower x80K)

(g) cross-section (lower x30k)

] 3-20. 15wt%PSF/DMAC/PVP i kt2_ % ¢ 75 e g 2T IR KOS

(&)TWt% (D10Wt% (2)15wt%

57
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(a) cross-section (lower x80Kk) (b) cross-section (lower x80k)

(c) cross-section (lower x80Kk) (d) cross-section (lower x80k)

(e) cross-section (lower x80Kk)

B 3-21. 12wt%PES/2P/PVP i 327 /f]‘ fe g 2T IR A O

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)10wt%
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(a) cross-section (lower x80Kk) (b) cross-section (lower x80k)

(c) cross-section (lower x80Kk)

B 3-22. 12wt%PSF/2P/PVP i 3L2_ % /f]‘ fe g 2T IR A O

(a)0wt% (b)1wt% (c)3wt%
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(a) top surface (x80k) (b) top surface (x80k)

(c) top surface (x80k) (d) top surface (x80k)

(e) top surface (x80k)

] 3-23. 15wt%PES/DMAC/PVP i 327 ,,9]‘ wE 2 L0 B

(a)0wt% (b)Iwt% (c)3wt% (d)5wt% (e)15wt%
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(a) top surface (x80k) (b) top surface (x80k)

(c) top surface (x80k) (d) top surface (x80k)

B 3-24. 15wt%PSF/DMAC/PVP & %2_ % e i v & 2. % o 4

i

s

(2)0Wt% (b)IwWt% (c)3wt% (d)5wt%
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(e) top surface (x80k) (f) top surface (x80k)

(g) top surface (x80k)

B 3-25. 15wt%PSF/DMAC/PVP k 3v2_ % fp ,,’J‘ B2 L0 B

(e)7wt% (H)10wt% (g)15wt%
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(a) top surface (x80k) (b) top surface (x80k)
(c) top surface (x80k) (d) top surface (x80k)

(e) top surface (x80k)

@) 3-26. 12wt%PES/2P/PVP k 527 /3’]‘ v 2 4o ,3“';'*#.

(2)0Wt% (b)1Wt% (c)3Wt% (d)5wt% (e)10wt%
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(a) top surface (x80k) (b) top surface (x80k)

(c) top surface (x80k)

B 3-27. 12wt%PSF/2P/PVP s ke2_ 7 e /?]‘ B2 A G B

(2)0Wt% (b)1wt% (c)3wt%

64
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3-3. i 4c A SR, - B Skin & 5B 2 85

B R 328 A A » Ac B BARR R A E R (15%)F
PES/DMAc ~ PSF/DMAc /4 %% #8 ¢ skin & » PES/2P ~ PSF/2P 4 ¥4 #i )k e
skin & o @ %1 3-1 /] §enm SILTR S > F MG FRA skin & A TR 2
BOE AR AT RIACRALA B skin & B A G B o @t 3-1 o] &g

w31 -£&FAE PVP m/ fe gk MAER o f2B skin B B R T § T2 A 2

it o

Ak

%84 17 SEM ¢ R o 4o 3-8 1 3-120 P 7 4e » PVP BB
ANCE 2 skin B & 0 e~ D PVP § 5 o skin B g2 %5 0 5 & £ R E 4o B 3-
28 #p5r o FRm o HM-skin B B R AR (FH o 4oB] 3-29 0 T OUBLR T A MR &2 F
FER kAo tbeBlig S anskin BRI F F R aodBF o A AER k5o skin K %
Etg R X > FlptpEeng A F M2 R F 0 Ko a3 fEend oy ARG e
o BEAFUR A BT A G AR BB AR LA BRIV P
T A kg > W oskin K P R4 5 o ﬁbﬁp?ﬂ%?* B FAANYET S EF o AR
TRIER I IEIEZUR B DT Fin r 0 N 7 e enfT A N r’”é R A
PSF/DMAC % $u4c » 15wt% PVP » # % Suis4% 3 F AB& & SLpF > skin & -3 % 34
5 22»:#\;,9]: deen®) 1 HcK 3 5 3 %) 70 Bk o dret EEd A 9]‘4EF'3?,I‘i YA dpdbR e
3t B ALR BB 0 4o PSFI2/2P i %t » T H4c » 5§ PVP ¥ gL 5] skin &
PR A 0 A e i skin & B R 56 26 #ct 0 4 » 3wt% PVP 16 skin K T %
B3 46 Hok e

AFHRTELFHE RIS Y R F G RO YERAER R 8

ERF LRI AR UIFIN G 2 E AR A L DE AV AR TIEAT
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NIES RN RARRDE R Ry AT TED NS SRT E AP o

OPES12/2P OPSf12/2P mPES15/DMAc

80

-
o

o

a1 o
o
O

w
o

)
®)

N
o

Skin thickness (um)
S
o

[uny
o

o
o O
~ WD

D

B PSf15/DMAC

O
]

_[e]

4 5 6 7 8 9 10 11 12 13
PVP additive (wt%)

OPES15/2P OPSF15/2P

14 15

i8] 3-28.

% %

o

Pt ? b PVP 4 £ 7 ehrskin & & &

OPES12/2P OPSf12/2P MPES15/DMAc

80

a o
o O o

Skin thickness (um)
S 8 &

[any
[N -]

100

mm B gu N o

W PSf15/DMAC

1000 10000

Viscosity (cP)

OPES15/2P OPSF15/2P

100000

B] 3-29. Skin & & & 2205 R Ak R 2 B 0B 1%
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3-4. FRPELAR ~ B E B g d it

341 Fhe MBI REEF 2L B

BAAAT A e » PVP o 4k Suenié R 8 AR R DR 1L 0 5 % 4] 3-30

“7% > ¥ g I PES/DMAc ~ PSF/DMAc & $iak& M 0 F F i M REE S S

PES/2P ~PSF/2P t %i4kB % » A B S LB EI B> 3o LB EF DR FIRA

Uk i g ﬁg-ﬁ%lv"’f#- CBAEREHRD T BR rf‘:%%"::;'t}_’ ;E/ AR E A f% % A% iy

- 5

7] 254E % 1 2 7 spinodal decomposition Ap 4 & ; K 4k i i 5 ) 2

nucleation and growth 4p & #ig 41 & 2 2 HF I chlmie RIGHET M o 2R AR

ko fﬁrﬁ AR AT o BOREE S E K > d 3-3 2 skin & 5 & A 1717 &= > PSF/2P

SBEF G chskin K o 42l £H RSB S 3 2 PES/2P k shchid Bl d B GF

;pﬂfg‘{l;g‘_" s Rk F*"t’skln/é]lf,».,,,’ﬁ**zﬁ ]\ﬁﬁ? Bl 4 e AR o

H

R R i S ¥ skin & 5B (Y@ 0 d B 3-31 048 IR DMAc £ 2P %

KRS OB B> DMAc ik si2 KRB F skin B G R F LA 8% n

v &t

AB% 0 @ 2P i b2 BOREE S P EAEY skin & B R T F 0 - ALk skin A

4“/1’3{9_/” L.—;_;E’:" E"hPP—J ’ ’13‘_21) ,:‘ %’LU_Lm:” fg&-'i’- i']m 3;3 v e DMAC ,f ‘L»T’? tt\

BKEEF AR REAATE T - BHRL UHEFELRILY

- q—/‘! Hs_m]!E! 45
e

BRI AL e A T MR AR X% ) PVP i i &3 TR (F

]

Il i 4 s skin A 5 R B AR ) £ 4 o

SEVHR 3-31 3320 F MR MARR kS » PVP KRR o T

skin & 1 & 14 7 4 S ARG EF G PSS U L L PVP

FIAR A HLiS d 3t 2R R (CR) Ao 1B o leaching out #7ig = U @ A G s il

wmﬂ’ﬂﬁﬁkﬁﬁ?PJOﬁﬁ’gWﬁg%éﬁﬁﬁ%%$%&%’§{@
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£ B AR AN (QP 5 s) 0 PVP 4o » R AR IR g Ak AL 0 T F a2

-

PVP ¥ 14 leaching out » ¥t 4ne 2.3 Rl e g g2 { 8- Hhwagit
SE @ EAFH B chskin @ 518 MRS EE T F o BB » RSPV T LA
MAR DR THSKEEFA2 22V HEF2 T 0 P25 & PESIS/DMACc i St
» 3wt%e PVP » #-i% % K4 if 5 j8 04> | LMH/bar # = I 4218 300 LMH/bar »
$k 3 » 7 PSFI15/DMACc & St4c » Swt% e PVP s » gp i@ 340K 8 & 8% 3 LMH/ bar
# = 3 #-3i7 300 LMH/bar » 4 %] £ PES15/2P ~ PSF15/2P +* #& » /,’l‘ v iT A AT ken
B A L WsEEY A RRH A AL R o Vb BEIZHINAS I B
PES15/DMAc % st ~ PSF15/DMACc & $t4c » 15wt%2. PVP » & & Stis4% 3 3 LA
T BE N MAER B DB REEF B BT "’h’%/] fvle wAp v PR A
o fLRIC AR AR AR s PRI R OR G g 2 2 > @ 2t PVP
leaching out 514 er#t @ @@ 4+ + 2 o

pbeh o GE ) 3-31 7 oz P PES/2P i kijp et PSF2P i sisi 4 H =R R
skin & $t9 K 8 8 5 0B B BRI F G B F 2 F OB HERGS KRG S E AL
Bic B A+ 4af B ar 4 (mobility) 3 B > PSF ek + gad o BAL » 5485 &2 7 4

o b L BRI A A T
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OPES12/2P OPSf12/2P mPES15/DMAC
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