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Abstract

In this study, we prepared polymeric solution with different kinds of solvent and
additives to produce membranes with the wet immersion method of the non-solvent
induced phase separation (NIPS). Afterwards, we discuss the structure of the
membranes and their filtration performance. The polymer, polysulfone (PSF) was
dissolved by DMAc with strong solubility and 2P with weak solubility, and poly
ethylene glycol (PEG) was added as an additive. The experiments are divided into three
parts: no additive system, additives system and co-solvent system.

The first part is the no additive system. In PSF/DMAc system, the membrane
structure is dense on the surface and there are many macrovoids on the cross-section.
In PSF/2P system, the sponge structure appears on the upper cross-section, which
results in high connectivity and contributes the higher permeability.

The second part is to add PEG with different concentrations and molecular weights
to two different solvent systems. From the rheological properties, it can be obtained
that as the concentration and molecular weight of the additives increase, the viscosity
of the casting solution also increases. In the PSF/DMACc/PEG system, the additive can
effectively break through the walls between the macrovoids and increase the
permeability of the membrane. As the molecular weight of the additive increases, this
phenomenon is more significant. In the PSF/2P/PEG system , the additives will make
the pore size on the surface of the membrane more larger, which reduces the retention
of lysozyme. On the other hand, high molecular weight additives will increase the
thickness of the sponge structure and reduce the permeability of the membrane.

Because the additives influences are completely different in the different
viscosities systems, in the third part, co-solvents will be used to research the influence
of different viscosities on filtration performance. In the absence of additives, the
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permeability of the membrane initially when the viscosity increases, but as the viscosity
is too high, the thickness of the sponge structure is too thick, and the permeability
decreases. In the case of additives, high molecular weight additives can effectively
increase the permeability in low viscosity systems. On the contrary, low molecular
weight additives cause higher permeability in high viscosity systems.

A good membrane must have two characteristics of high permeability and high
retention. Based on the three parts of experiments, we can come to the conclusions that
the ideal structure must satisfy the following three conditions: small surface pores, high
connectivity between macrovoids in the upper layer, and low thickness of sponge
structure. The most important goals of this study is to obtain the optimum ratio of
polymer, solvent and additive.

Keywords: Polysulfone (PSF), Poly ethylene glycol (PEG), Additives, Co-solvent,

Filtration performance.
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(5) #p & ¥ i* (phase inversion process) :
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1-2-2. *EF % N4 A 32 (Chemically-Induced Phase Separation,

CIPS)
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1-3. GRS e A B2 B
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BAFApI EH L

L j= Ry(interaction radius) e o 35 i B4 27§ &3 B ozk gl L

o

& % _FI‘J]F.‘]'UIT\!"Q{_E fﬁ‘fi%}?}ﬁ/{" IZS K ;%%/i%iﬂ“‘ /i%}"}&ig&d"&&’%ﬁ Ra

(distance between Hansen parameters) > & #* 127 2> 3¢ ¢

R.? = 4(A8,)? + AS,” + AS,°

1-3

o

“©

o

=

o

o

Ml6 2azBFT3432 A3A03 55207 LR
@ A K AR “ﬁt‘ v @ 4p ¥t it £ £ (relative energy difference, RED) :
RED = 2 3 1-4
0

RED < 1p A+ ¥ 37 » RED = 14 7 ¥ 284 73 f% » RED > 18] % .
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(2) ] %l & % (membrane casting)
e W = AR 5] BT o L1 (substrate) b o AT Uik F REH T BRA
BIPF LB FFEE RN BF A7 (- HE A A 50-500pum 2 )RR

BRI REN A HAR R E R EIEIA AR S F ¢ RIS K5

R AR X MAPT s R AR R S P B Hi:@ﬁ-% A4 ﬂ’{fﬁ"ﬁﬁﬁﬁ%{\o i
R R AR € PRSI > B §RTRE DT B S o xS kW 9
WEREEFHARCAAF L FHREERT p IS IR L A SRL o

(3)i% & g1 2£73 B en B @ 2 3% (mass transfer between solvent and

nonsolvent)

AP FR AL S E B

RHE AP g SRR RETR AT BA

(4) 4p 4 3t (phase separation)

EEBAGER S AB AL R BRI T AT BB
Bt B RUNRE S BB TR f S E AR L e
HEBE > f iR L AR 17@)7 AB A B2 Bz o d 3 FHp o

P

BRSSP B B SR AR R M kR E S F tieline FA ALY A2 F

AREE R KRS AR
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3
a.
AG,., ] b.
: 2 r »
1 | AG,,,

1
, |
1
| //

-

S : 1 @(Drug Loading) 2
7\ o
h —
.’ L e
4 CN T By,
- TN AN .
- - N —7T
- ~ il '
- A Two pointson B
=T ",.\ the binedal Line

B 1-7@)= %A A EEF8pd a7 B(SR) £ R4 7EET s

1R R (D) AR T R A s A AT o Aml e

(5) & # (coarsening)

HFAAAY2 1 FBAT H L PP 0B F i (interfacial energy)iE B
DHAR R G B e P A Ap G AR T SRS B IR 6 0 2R L e
Ao b HEF g Mo ATt Raba S F W ITBL mut g o SOE R

RS R T TR R SRR PR

(6) B 4 =+ F i (solidification)

AL SR AT FARR A G EF R PRV BRI L FIERETYE
Ao BERHARS FEH L FLIBERA L EL TR o R AT ERE Y
it )k /& (gelation concentration) ¥ » B A~ F ¢ = 2o XA H i 4 0 B T A

A E LS § EEF L H R g hs 190
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1-4. 258 33 E s\ 4p 4 302 A

PLn R AR A Bk e IR T LSS B G 2 T A ST
TE A EHETRS BT RO uT ALt A g
1-4-1. # 4 &

BRI AGE EA A R S F AR AT A 2R A 2 e
AT APBIE o4 5 0 4B 1-8 #ror o

Polymer

Binodal curve

Spinodal curve

(a) Homogeneous region
(b) Metastable region

(c¢) Unstable region

(d) Gelation region

(a) N—

\
Solvent Non-solvent

B 1-8 58 T = A0 #4 FApE -

K RP 2 42hE N AF AT RS R HNBSF 202 420 AT
WS ASR G 2 AP NER - B AR AR EP A REY T
4L 3 B i 4 (gelation line) £ i —if 4p 4 &4 (binodal curve) » 3 E SB[ 4p
B34 5= B %E > & B4 H4p % (homogeneous region, B 1-8(a)) ~ & 4p % (B
1-8(b).(c)) ~ Bl 1-8(b))& % i* % (gelation region, B 1-8(d)) - A * B 1-9 # ¥ 115

PlE A nEFREORfop d iy 0 T 0k gpE - i tieline > H-p d U H S R

15
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Y

Tk HiE AR EEF & - if binodal curve » Az kA AR RTE

=
¢ 25

i

spinodal curve > i 4§ 2 § 3t — BLiRJ Bh(critical point) > H #cF & K 4
X 5 4 % % o @ binodal curve ¥ spinodal curve ¥ #-3 4p R F| A > 4 2R
(metastable region, [ 1-8(b))¥* 2£4& ¥ (unstable region, Bl 1-8(c)) > /i & % cTot= 12

RALA A YEF T g2 iF ¥ BAET ARG H L e g

HEE RS SRl kS

AG, \_

Binodal

el

Solvent Nonsolvent

B 1-9 = 24 ksieneXgmspd i (AG )k A ERY .

P AR A B K AR A S BB AR - BB e A
{M#Mm%$Wf4W%ﬁﬁﬁﬁ{%@>ﬁﬁﬁ’ﬁﬂﬁﬁﬁﬁﬁzgﬁ
Lo dBEII R R EE I b 0T B 110 477 0§ ik AR
AR FAFRRGEES KD AR RGO LT BRLE

3

\.‘L

PR AR RS F AT FAR S A7 R ez (cellulan) g 4 S
FEAACREE N ZHER  §ERF AT R P97 FRAGEY TREH
4 (bi-continuous) g4 s # L ix D BAEF -T2 ERF LA A Y €39
fp (nodulan) B4 - & % X 7 @ 8 B eE G F BT R HL B BT PR
BB ARH AT B AR T o BILE T - FihR I B R o

16
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Polymer

Binodal curve

Spinodal curve

_A | Dense structure %

-
B Cellular /%ﬁ
/

L Bi-continuous f ' "%

Gelation line

@ @ 0
D  Nodular e @
\_, oquiar @@@

Solvent Non-solvent

B 1-10 2573 A% 554 4 42 2 Ap Bl nB SR 1 3B enig i -

B RCRELT R AR B T R g B
B § P 4e ~ i e AliL %3 % binodal curve # spinodal curve iz g B ¥

oo gd aERp e s D R EF R o d R o
AGix = DHmiy = TAS i » B RAXMRIR o p o fo 48 R AR F 2 & 4
AYF® o AcB 1297 o A TR -1 7 AR FR R R 0 A AR R €

L/}E\‘ ,J. °

Solvent Nonsclvent

B 1-11 = 24 %% 47 kg R 7T dbinodal curvel?” o
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14-2. Fias 4 &

W o JRNE DR NEERY > FALAFRREALTEAM LY > FE ARG o2
PRg s WA FOIMA B EABFI LA Sk 2B A ()0 A AR
”'?' j”‘% B(_.L ,J »fi»(]NS)CJ ’ ‘Q\T']%] 1-12 tﬁ'ﬁ' ° &-?ﬁfgi:ﬁ‘%‘ —F;EEE'!&—F)’:L %; ’ /%%‘Jfr

PERA NI REEFIAPRREES FUF AT D F 2 pa it

Ins U3)  Js ()

nonsolvent solvent

polymer solution

IR substrate

Bl 1-12 RS2 FH#ENL M e

AN AR FRAGTREFEF AR O REAF ALBERS 2 E R 7
PR ER HEE R AT i B R R T BiEAY LA
RERER R FEENER R G Sl ol s PSRBT S L
TR oA RS ALY R RN S e R e TR P A e

Ca o aenm At bl BIT LG R4 B A R BRI o

]

o
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1-4-2-1. = & A4 5 sud 4 EH7)

FABE L WA R A S S R B LG U
Al E AR o M W AR R N ke 2 ALk
d F 03 (1) B Q) 2B ME) TS > e d R L A () oA

(Jz) (5L B 1-12) &k sed chgdeerslde > jand Tie - Bhehffdee 0 r 7 30

D; dp; op;
e —_—— = ] i — 2 By _

H ¢ D; & #H7 i Be(diffusion coefficient) » R 5 #F %8 ¥ #c(gas constant) > T 5 5 8
B o L; & % %t Bir(permeability coefficient) » dy; /0x 5 i* & #t(chemical potential) -
)i

DR - gl el RS o B RRT FN F AT

piu

BB A A FARE A DM ERPR AT SRR E M E TR
&30 > Flory-Huggins #4007 T F #rp d R Eapend iV #4302 24 k5%
(BAF A 2238 B8 F 40T
AGy = RT(nyIn@; + ny In @, + n3In @z + x12110; + 131103 + X231203)
i 1-6
2o o3 1L el s F %5 n fe @ 0 xij & Flory-Huggins 2 3 iF

* % #ic(the Flory-Huggins interaction parameter) » %= = 4 % %¥ » 3 4= BAp3
y-Hugg p

a4

T S8y, (B A F3H) X13 (B A& F/293#) frxas G- X ES-X DE

g S SRS Sk A IS

Mot FHEFRT SR ERTTNESER GTAFEALR ZERRFL
43,;\;;"\@'%&_6 s /% x{l %, ,zm§ﬁgﬁ%% *',Llr'—flfll 13- L‘/&}\‘/z’@ﬁilkﬁﬁ
t=0 B4 3 F B BIR-€ R AN R B T F TP =L my SR g SOV

FoE AR AMACEF (> ) MR G 5T BH 0 TRAR ] o & B8

A7 T T (PR t=o0) > I P FA5A o
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- m=0
s(c))h}lftrircl)f z=t() * Polymer m=m(t)
solution Membrane
7= M OO
(a) =0 (b) =t (©) e

B 1-13 7 e R s B B 7 &R o () Rde BB 49550 4 403 1 ~ (b)31

R AR B b RGO S (OB ¥ W

L0 AARENE BB R R ICER > L REFTDEE L m(F 1-13(b))

m(z,t) =f @1(z,t)dz i 1-6
surface
FALRBEEFS > BT HRET 18
(dm); = 0,(dz); 17

fom Ak

D
a( /@1)__% (i = 2,3)

at  om i 1-8
Bt 15 18019 2 F ks o BT
a(®i/¢1) ~ —%—ii(nw%) (i =23)
ot  dm RTOm\ ' 'om o ;19
ST ERNE I E LR
?;(m,0) = ¢,
2:(0,6) = ¢,
Ji(M,£) =0 3 1-10

ga@mé$gi#%@ﬁg$,@®§$Qi&%§i¢@ﬁg$°
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BV - F@E I~ B BT K ALA AR BeD g > 2 2 A Ak
B i) oV 1-10 @ b B gt = A L A ek R chRE G0 FW 0 Ak
PR feze ) ’:Igrs? LR BB 4 p A BEPE AR A A o (2§ 0
PHEF BRI e REAF T REUE AR F A foip s S TEAL G e

B et o AT Y Ao B kAR A e 2 BT

1-4-2-2. %R fE ik 34 3

Bl-d-1 PR &5 /T 2 R OBBEILT N § AL T OB AR E
BT kPR SRR S R RS B e A SRR R g B e e
BEERED AT - FEAEHGR I FIFAFE B E DL SRIIR - &
1-4-2-1 enF &5 EL PR~ 2R e d > p g L0 REARY S g
Ptk EGY 1410 ¢ 4 G R E - A 2R R g AR St @Y A

Bl = AT hE & S do B 1-14 47 o

Polymer

Binodal curve

Spinodal curve

Gelation line

\
Solvent Non-solvent

B 1-14 9 55045 89 B A 20 RACE T A ST M 2R o
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1-4-2-3. AR E— RN ER WS

KT A B A AT 0 ) 1 8 A A BB AT Gk PR iR
A BT T A S 2 3N 4p 4 dt(instantaneous demixing)£? uf V& ;N 4p A 3

(delayed demixing) °

\

?] 1-15 f;%ﬁi/ﬁ’ AE 2 / ’f'JmB;EL‘FmFE ( t<ls Fg) %—W—ni’/#}i px/#

bl

RESGM G 2 FRFREE T 7 Fenle ST o d S0 B G AEER TR o
Bod Bodso 0 TR ke A R K RleE R RTS T ORRI G
Bivomhl £ AR AINhE D 0 BE2 ML ANIRTEINGE S > A B b
AP EBER DS o BR (B 2)d GRF G gt A THERER AT A KK

(Q‘!—_, I)EI 'F;\ H e R {Zﬂ ‘&r/&fi

polymer

binodal

solvent nonsolvent
nonsolvent

instantaneous demixing delayed demixing

Bl 1-15 = T35 4p A g o 3B 35 4p A gpenie & g s 2] o

LR O1-1S 2R BENRTER T chin R KRB E 0 Ao gl
CEPFAAp A A A TER BRI G IF o AP 2T 0 B 115 R &
EHT e DSt E AR T RAF R ER A § 2T A A s 4
SBRCE PR (S 0 B T 2 ch 4 o ¢ 516 binodal curve o @ B4 2 A A 3
Flt BN AR BT R AR R  F A B KA Fenip A Ko A 2
SRS R 2T R oo BiEA FEEIRT 0 R B R BA LS S8 (TR
AERR S EEARR SR E) PO
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1-4-2-4. 2R HH 4 FHF

anm
mhzi
3
i
il
I
N

_},\_._,,.:_%:_a_. #{ta ,;1,7% {xﬁ_f"i‘]‘é-ﬂg_mﬁ'g&\gﬁ_}i #Eg«m

m

RRARMET AR LT S BRBERE f FRA CBHAERE - FAF

}-fs

AR
ER AR BREEPES
DEE LERLE T T R B e A A A L

+ B R eRdER 0 40T B 1-16 7o o e good solvent ¥ o B A F 4AE A R c 4

B oRAMEeARARAFEF A Apoorsolvent F 0 B A F £ EIR U EAH
94!””?&@@7}%’%E’(%A}:*é;égifﬁﬁﬁ”@_’T%A\—if'a&@ﬂ— e o @i > AL R
IR o (28] o

Good solvent » Poor solvent

Expanded coil Contracted coil

Bl 1-16 B A5B LR AT VGARRH G FRIF AT B A frid

GABEE R R fR A 4 cryn A2 o
GOBMAR B AT RR ST RS §HARS S HP A U BAR
ER A RZ AR H S TR LR ER AT L ITE

H B xde™ B 1-17 #777
KO 1-17 27 S AR SRR RS RA 52 BRE A5 A
AR R T S SR R AR R R 0 B4 MR
AV RS G AT R R MR PR ER LR RET
B RS R e et R AP R ET B4 4R
23
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=
=
Eet
Pty
E

o X E BN (Rl PR P R 0 g PRR B AR R B B E B4

Bl F1m AL A EF R R R AT MR R (CHRE > F A SRR r B

JENTY
3
B
bl
-
T
-
<l
Ey%

FAAFR AR T M FRpR P A g R Syl o

BAF RS FEENDEE S AoB] 1-17 L BATT o B A F BARR ¥
B BIMAMEM G Ly FAF e ERFIRESFEM)RE FeARR A
FAANE BRE PV AR MRk P AR € X T REEY BE A R H kB

BA4clL AP HpF PO ATRAAFENT ORI MEHINS TG PR P

Polymer Solutions Polymer Melts
4 >
log np log ng

semi-dilute

entangled

(slope ~ 3.4)
semi-dilute
unentangled

(slope ~1) .
- >
. log C

=

FIn b Et o, R BRFFR e AT LSRR R LA

2 A

FRASE  FHART - WA G FlA T AW > AR X AR

>

FoBLE RFLABRLFAFERR

3
<l
I
4y
b
W
4
ﬁm
K3
2
%
"
=3
I
2
g

o
N
s

TOREENSR A PARR A FI AP ARG H IHF B E L bR

BRI ne s 1‘# .
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1-5. @R i 1

AFLAREY A R AR RECRT R S RIS e B RS W
J34F ~ 0L Inm~100nm & 5% B3t R K B B AR B R T 0 S R T R E
PHcHY FEFPEALF > PARITRA L FE S A (<Sbar) o 1T & HHE

W R BN ~ B R ] B (T R B IR o
1-5-1. @/

FYRERIA RN D e A G R R F OBERAES A 5 £ F ;Y (dead-
end filtration) £ 4F /ix 3% 5% (cross-flow filtration)i i * & ¥ i M ind cn= &8 20

?@Tﬂi%aﬂa; PIE L7 5 4o B] 1-18 #7157

(a) (b)
Dead-end mode Cross-flow mode
Feed

Permeate Permeate

R
J //’/ Re

Time Time

B 1-18 7 F3f (PR Hipa R A8 o Eb e @2 i~ O)F RS -

tdE MR O EREEE TR RB T FERTLA o N EIRT
AT itk 0 R A ORI RE > AR B b B TR A B @ ) = g 44 (cake
layer) » g4 AE € & K B APF e 4 (R) T~ > il £(J)m B2
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B R KRR AL B R AR R e I F A 6 R
Bk e B A GO AR 0 Be P AR 206 s B 4L Sple ok B A AU R e
SRR e e AER T R ERIEI R A B AR RS
BBt kR B Bk IRRE KT RGN A G R GR Y 2 6 R s

FL N AR e el T e P .

1-5-2. &yl

fﬁ;}ji—;f}fﬂﬁ}‘f’_ﬂ{%%ﬁ;‘}fi_ﬁj% o T RE RIS LTS 'f;-lz © % K i /g (surface

filtration) 2 ;% & i8 /g (deep-bed filtration) » 4= @] 1-19 -

(a) (b)

B 1-19 & K Eip2 7k EpiBHin LB o ()4 & &k~ (b)iFF G -

Bl & ARAERILR A B o eIt T ¥ R )N a0 G Ak
iR AR T o AR TR A B R - Km0 5 PR B R
PRI A o JpAR e B G TR Bk B RV 0 8 HiBpiE g e ok
BB o ST R B Ty AR R AR P

R BIREE R TR Y R SR B R B T 0 R TR AR
Fppt F ol ¥ ERERCE AR RS E R FIY AR R b TR B
S E & hdpdh o MEF DR IR O 4 eIk g BT R 0 A g
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ARE N L EER R T RIS A g T KA &R DAk

WEARRDEER > FRN S EN S 2 R EAFIY R E

N AL Rk F o A BRI BRSO 2 1T o K R PRE
PR o eI R R R AT HICRTE VIR ER M PR BB
Pelopr gk o ied 07 Bk RETF L - SR o F R IFE Y

BRI ol HOTE B AR HUNE S A% FE > KE b B R -
1-5-3. 3 (€924

"EF BRARR AR o B E A - B d RPERER AR T g8
A S BRE RO § I % ¢ )k R & 1 IR % (concentration polarization) ¥ 5 i

(fouling) » 7 # T 24p 5 Jh = e ] > S g 4P T BLH 2 R E MEER
e [36] .

ERAERN IR A f BB AR i s S R IR T 6 AL
PR AN E G b A AR R E R o @) 1-20 A1 o TG g Tk
B i B T3 R (bulk feed)iik B 0 i3 FAOER & hF JFETw BB R o kAL
B ET R A kbl PR ()R B EBRA en BRI EE X (2
BN SRR RM A R FEEE R R Q) A n kAR EH
AR RARL BIR FUHK  EROEESFEN A, 2 W (gel layer) T E Mok £ (4)iE

P R R A 0 A 0 I A R Bk 20

— Y A

————
Feed flow
—_———
-Dyw-9C,
0 Je-Ca Cn oy

Membrane —» [ 77 7777777 7 7 7 7 7 7 A

o ———

Y Jp.Cap Permeate
B 120 JERHECIR % T R %][39] °
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s

At
kR PR R AR SREAT G el R

PR R M R § ROk R L E D

Lo

)

RURE Gl S R IRV S AR RV I S SR S = R
B i BT IR ARG [T A § R R T F e R AR P
S LR R TR

il

ALY R AR T M o B R U

Uy o2 L
fﬂ- 2%k 5 2R
- L Z 0 ORI B

2 L] Mg gy 2 4
SRR SRR g
23 22
e

LR R &)y R WY
2R KA FIR G R T RIT T et 5 ke g
1-5-4. »xa%

P Rt L R R AT T A R E L St i E (flu) 58
(permeability) ~ # § Z (retention) » & ¥ &+ 32 % FIR 1-21 0 5 S o

33:
t=0 t=
Feed Cf = CfO Cf = Cf
V=V V=V
Membrane A
]v: Lp
t=20 t=t
Permeate
¢ =0 ¢, =C,
=0 %=y
B 1-21 #9Eim & 8 S8or LBl -
1-5-4-1. i & (flux)£ i i§ ¥ (permeability)
ARkt i Ee
3V 1-12

PRk L H R A T T R AR 0 4T
1411
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Ho o], 48 B[L/(m? hr), LMH] > V % S #2484 (L) > A %5 4 (m?) > AT

-

SHEITERFG) AU E XA i 2R FRREEEF RS BR O FlA T R

BY RIIES B enSRd 4 0 & RS L VFEBRLIE S - FIRT 5 i F Il
AN AT

v = Lp(AP — oAm) N 1-12

HY Lp 55 8F[L/(m? hr-bar),LMH/bar] » ¢ 5 ¥ % i% #i(reflection coefficient)

AP ~Ams W) 5 Wod SRR 4 L SRS R A o Lpie { BFRgs & o7 B KARR

Flo UGB PE R At o - RERIER S B AT R TR
L (AT g 0 Bt E R T AT N 11 S 1-13 B s TR &
g o deT N 1414

Jv 4

= (— — —_— X 1-

AFEE LY N G B EE 0 3 R LA 3 ke Aed B A L
I L =R R - A e et T A~

AT IRAE S S A B B Rt 1415

_ Cp 0
R = —— ] %x100% N 1-14

B CRAE R R o CRl Ik R o 87 AR E I & R s en

e

Pk AR 0 FUAF R DHMARE LSS > A RS FBF(C,=0) B XL

100%; fe 373 F 2 20 @A RLERRE R ERAPR((=C) BT 55
0% » % 7 HO4HA FE B 4 o

152 % &5 ®I| 0 ERWFIAS A KBRYIFRER 0 50 {40 fE
FCE R A AT B e R R R Y 11150 REE R R R g
Fo D AGEEER A G E e DEIER(Cpe)E B NEE R (Cy) 0 40T B 122 ¢
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t=0 t=

Feed Cr=Co GG
V=V V=Y
Membrane s
T Cp,s
Cp

B 122 2 DRERT LB o

AR o FRHOEERZEF T T 0B AN 1115 kR

£ & /% I (total retention) :

Cp
o= (1) cr00m
Cf +

TG Ao MR RIEACE Y BT Rl S R R 2

FE o F A PEF 122 it s W GUERE B TR T e 1417

;¢ 1-18 ¢
dv;
T Al 116
d(VsCr)
dt —AJy Cps F1-17
B 117118 A L S TR
d(VsC;) = CpsdVs 1-18
SV 1-15 ¢ 5 s A
CP.S = Cf(l - Rsur) 7 1-19

F2 58 120 & 0~ 54 1-19 ¥ BCy i %ﬁ P AN T A @ B EF AR

¥ I (surface retention) :

ST In(Vy/Vyo) 3% 1-20

LR TH AW AR B TR S > LB i KBRS M B

BEAGIVFDL ) D AR A FHBETIRFRET KBRS R
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WD AT FHEATF L La 2T IFNLER L FhERpIocE > Fp d

B N R W AR TR B e SRR TR BB
FHATEE 5 T LRA P L F ook T R NSE R s

PUBCE enRE TR 0 AR M JERR IR 18§ AR e IR A AR
PEVp =Vp) > § - 23 [T Gae™ B 1-23 0§ et anip T b B

R, F AR e i (R —Ry) » B Sl IRt b5 (1—Ry) ©

I renaining feed [ in membrane M permeatel

100

(%)

80

60

~
»

40

solute distribution

20

Initaial Final

%] 1-23 @ @#JP‘ l ﬁﬁ: #E e F% ﬁi/; ’Fﬁ L——@ﬁ& A 19 e AT

i
S
o
=

31

doi:10.6342/NTU202300390



AFTARE G A RO S BIRARBRY DTWUE K 50

THRS AR A T T BN AR AT R g
1-6-1. Z A (Polysulfone)

F R (Polysulfone, PSF) ¥ _#%1 ¥7¢ £ e & F2. - » 1 %+ » PSF &_
dHFC g oAl F - FAMEAREES BEwd & g g S0 PSF

BT B 124 0

CH

o q
loEo-0Ho-]
. o)

CH

M 1-24 R PSF 2 A 5 24 -

PSF e s A (Rt B B % 1 i AP ARenF i3l £ 3 R T 5
Fp T L R FAE L m RT B G B MfhengFELoPSF AR A MF A S
oL > F 2 -100°CE 150°C s 48 2 enit 5 ~ i ffda > K7 RaRi
HAp R sy Bl

B ¥ FOPSF A e ¥ N m AT E IRy VO (T4 & e ik
TERY ZEEG I *ﬁ&o"* oz fhB T R B G OR B E IR A 2 AL
B W OR NIE B BV R A A o PSF B & ehd2 BE AT H proR o Rt AR X
FI% FoREDE do A ¥ PSF 32 7o T o8 £ 8 & 4o i @ o Bl4esg 2L (-OH)
¥ A& (N3)~ £ A(-NHp) ~ 2 A (-COOH) {ra fik A (-SO;H) % A BIPH] o kg 3

(EEL TR RS Uy T ST S £ RS
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1-6-2. & z = f(Poly ethylene glycol)

= P%(Poly ethylene glycol, PEG) & - AR fLit &4 > & 5 L dFervfi3 (o
SHACT R 125 B @ E 2 A RRY ¢ o 2 RS K G S e fhan i A
A3 IE* Tm o PEG» AAfES RIRF L= (PEO) s ® 3 ¢ "ffﬁ(POE) g

LSRR S SN S HE € S AT LA

0 H
HJ[ V+o/
n

B 125 Fo = f§ PEG 2 4 F &4 o

920 PEG B3 ATl BAKE - AP MFHILE L8375
PG AdEadpa o Tl RS A E30i g T B o PEG (A g FlA G £
1A AFET AT EA600 1T HPEG LA R EFASE
PEG 4k € %2 2 : 43 B2/ 800 2 1500 p5 » H A5 ¢ %% v 4 s
T4 PEG cha F £ 42000 P ¢ BB AR AL o F A S £ HPEG § 7

e ol 0 &6 PEG A5 B AR I 8 ILT R M F P

2nhn
o+

R X CPEGFIE G R AMEBAE > e P H IR S Fph R L p

1 % R PEG R¥F A F i F e Ry 0 Re - R AR 2T
TGRSR ARAE o ¥ - 26 0 4§ 384T #-PEG (¥ 5 i oAl it

REDERFTSEZ1ISFP ifjtﬁif?']é"a‘fi“im PEm G E o AT R

kg PR L -

33

doi:10.6342/NTU202300390



Lléﬁ?ﬁ
1-7-1. F2H (Polysulfone) & -5

Chung % (4642 4 % B A F kB %0 B+ 7R Jk A (critical concentration)
PR PR RN N PIEENSR Y § R F A FARER UETr AL FRA DY S

f%?k—//;,\’?‘?']-ﬁ = 7‘%—55:/ 7 j\{'ﬁpl:' T]/'«’L/PF' ;™ iﬁ%—’;i/ E R A TR Ik

Ak}

Bop o BV 1 o BAs I 30 F H RGBT B R RS B
ARHEAR G e ARt ThasR I ag s kR LRI A0 K
ERNEE R G A - K2 R BE -
* 4§ B % ¢ Hung %—“5[48]@-i 12 NMP ~ 2P 1% 5 73 & K% f&2 PSF @ & 9%
o T 2R R HAp A A W LR R B s W 2 g 0t A
kR AT BB AREHE o K 4F3d PSF/NMP &2 PSF2P & i sien 47
F ] T T 2P A R4 L iR A 0w PSF2P iRt R R AR $H I 0 T
P H B AT S ROR B doAs s 0 4o B 1-26(b) o Apfz. T » NMP L strong

solvent » % PSF/NMP srfef kB i ® > ERHE FWERITL G f:ﬁfrw:;m: A 3

oo 4T R/ 1-26(a) °

(a) overall cross-section (x400) (b) overall cross-section (x400)
Bl 1-26 1% 7538 % 4 & 0 PSF 3 w48 .

(a)I5Wt%PSE/NMP 58 & - (b)15wt%PSF/2P %4 6 245 o (T © 25°C)

34

doi:10.6342/NTU202300390



gt ¢t > Hung £ %+ 127 f 4 5 £(30500 + 50800Da): PSF 3 flH T == 4p
Bl > 4o B 1-27 0 d 3% 2P § A B R R > FlUY PSF2P i sihend dpw

o A BY S B PSEFAF B AnRIE < L BETS o

g
/-2 /AVAVAVAN

7/ /
2PorNMP oo o1 02 03 04 05
Water

B 1-27 7 e A~ 3 £ ¢ PSF/2P/water ' 2 PSF/NMP/water s %2 758k &4,
[] : PSF30500/2P/water ~ /\ : PSF50800/2P/water ~ O : PSF30500/NMP/water ~ \/ :

PSF50800/ NMP/water % %t o

1-7-2. i S B E el

?"Ugtﬁ‘hf‘:‘—é,‘-*f#"’ BE R e R PRI ERSE S Tl B

P

(EELEES SR A SRR S RS S R Rt L b
b s e ,T SeAPITAEENRZ Y s R e Rz - > F r—ryﬂr Lo BT L E LT
AEC BRI A AT B F AT A

B BRI 2 5 IR IR RO PR SN R W e 2 ) G

4.4

BOK)E R 5 A A

K OBEp(F v4n) s mbpka (o Riemipt ) 5 B (P

Fi) $E B AR LR RS ek i (PVP)E R S BR(PEG) S 4 -
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ARk A R R R R R R AR S A
d ek ERE B LR A AT A A g gk Bl a b g

Au\—”ry‘szﬁiﬁll'% oo BF % e PVP & PEG» R FI &t H 3k o 5o B

A 4Rk E G o b PVP 4o PEG iR € sa $450R cndb A > i2a B8R R e
R At sl ISR R SR R R S E Y e R o

B Ars + £ 1 PVP {v PEG $ 408 Hfrijp it cof 8 100 20 10 4 3 8 48

LER o

rr: =

énh)

Aroon # 5 & PI¥ sro b b g i seH(2 B~ 4 %~ PEG400 ~ PVPKIS) %
» 25wt%PSF/NMP ik su¢ » & 0 Fabp| €2 2RI 2 FEr g WH A B > 4o B
1-28 J& = AR ¥ ¥ R e~ R Se R iR Ap A B+ 5 ] B
i R R R R/ R R Rat ) LR R RO L ]
FEP o B e r e B D § S o 2 2R A~ 4R T A 2 AR A AR
B DM m 2 12 4 G e r eI G iR B RSB HERE A
¢ 4 PEG400 § 188 i i85 » Bim PEG § 4 nig 3t ok » 87 Jf 4 PVPKIS
F e o g At g £ 7] 5 PVPKIS 7 B e F £(4 50kDa) > & H
L R AT gl 4 eGR4 PVPKIS § 5 4e§ 4 3 (PSFHPVP)Z £ > 3

A EHARE F AT 0 Ftr fERE = Rk D

Polymer

Dope Position

—a— 25 wt% PSf in NMP

o 25 Wt% PSfin 1/6
PEG 400 /INMP

—a— 25 Wt% PSfin 1/6
ethanol/NMP

—»— 25 wt% PSfin 1/6
PVP/NMP

*- 25 wt% PSfin 1/6
Glycerol / NMP

Solvent/Additive Coagulant
1 1-28 PSF/(NMP/j e )k & suend g & feip {1 -
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# 1-2 25wt%PSF/NMP 7 7 HF'/,J Se B et Sbar (TR A T n? ez AR

%18 3 (GPU)2 2 H i 48 4o

Sample CO; permeance (GPU) CH,4 permeance ({GPU) C0, [CH, selectivity

25wt PSF in NMP (25% PSF and 75% NMP) 9.64 4.02 239
25wt PSF in 1/6 PEG 400/NMP (25% PSF, 10.7% PEG and 64.3% NMP) 58.70 1259 4.66
25wt PSF in 1/6 ethanol/[NMP (25% P5F, 10.7% EtOH and 64.3% NMP) 1695 333 5.09
25wt PSF in 1/6 PVP/NMP (25% PSF, 10.7% PVP and 64.3% NMP) 1053 145 726
25wt PSF in 1/6 glycerol/NMP (25% PSF, 10.7% glycerol and 64.3% NMP) 78.44 7.66 10.24

Ma & 4 % « B PEG 3 4890 i soH > ¥~ PSF/DMAc 5 52¥ o 1k
BEHFERT UL e SR o (FHIRG o 4R Y G PEG A BT

- X_PEG a3l 4230 g BRF A+ ERRE » B RIERE

i

= HABEWR ’f__/, e PEG f6#.4 B+ 8223 > § H 322 /%’ﬁ'ﬁﬁg R R

¥

ofp A AL e B0 % B AUTE W W 4 TR 1-292) ~ ()4 B R e
% F ik B ch PEG 400~ % [ A 3 £ 1 8wWt%PEG *t PSF/DMAc 4 5. ¢ 4p B % it ¢h
H25 o KR Y T LA R FINEF PEG 400 chik R 4% % 0 & ¥ PEG 4 F £4%% > 4p
Rente 2385 § % o I Boh TR B Sl 8 GFER R ESHKEER T

BE o Ehe A A HLEAT 0 7 el A BT ) S 3 e

(b) 0.80

(4]
&
s

1.00

¥ »-0.00 T ) - - 3-0.00
0.00 0.05 0.10 O 15 water 0 20 0.00 0.05 0.10 0 15 Water 0 20
—o—0% PEG 400 —&—4% PEG 400 —o— PEG 400 —4— PEG 10000
—o— 2% PEG 400 -~ 8% PEG 400 —o— PEG 4000 <~ PEG 20000

B 1-29 (a)# I ik B 7 PEG 400 ~ (b)7 F 4 5 £ ¢ 8Wt%PEG 7 PSF/DMAc/-k /4

Fen% g T geip PO .
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Sadrzadeh % % —‘ﬂk [3214- 2, fa4 + & ¢ PVP ~ PEG /7’]‘ 43t 15wt%PES/NMP %
Bd o 5 B &R R R R R A e A A Bk R (C/Co) o 40T
Bl 1-30 5578 o B9 CofrCo & Wl 4 7 PER ¢ fofk "UPR A A I 33 235 40 A

ik o R T

:".i%é?l]ﬁ,"]&ﬁé‘?dﬁvﬁ%’{ij & g";{—g,,"‘]‘é cA e F R R e A

1.0
0.8 |
g 0.6 |
O —
= —s— w/o additive
O 04 —o— PEG 0.4 kDa
—-— PEG 10 kDa
—o— PEG 35 kDa
0.2 —=— PVP 1300 kDa
00 N 1 N 1 N 1 " 1 "
0 100 200 300 400 500
Time (min)

B 1-30 & fassusip cde 4 8 12052

Kim & Lee # ¥t/ 3 @ 3] > & ISWt%PSF/NMP 15 567« SEF 73 %
¥ PEG 600 bt G5 e » & PEG 4 F £ (600 ~ 2000 ~ 6000 fr 12000 Da)_+ = >
SN B E M PR R EAIFn I AN B H T
B30 i@ EREGRE E (pure water flux)3g 4v > $73 F(PEG)eft 5 4 & 7 %% »

FARF IS 551K 4o B 1-31(a) ~ (b)#7T o
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2 > 100 2 - 100
(a) ~@— Pure Water Flux (b)
—w—~ Rejection(12000 g/mole) =it Water Flux
I} —#— Rejection(35000 g/mole) _E \ ¥ Rejection(12000 g/mole)
E g ~#- Rejection(35000 g/mole)
E z 3 \ z
fod S ~ <
o~ [ E -
E 32 < S
= v - =
“ X 2 [ 1
E1 5 g £ \ 0 g
< o M
> v ; v
3 £ z 2
= ] = =
P & 2 g
= z il
s | =
g 3
3 | &
[} l - v » Q 0 )
0/85 2085 40745 60/25 0 2000 4000 6000
Ratio of PEG additive to NMP Molecular weight of PEG additive(g/mole)

B 1-31 kil £ ~ £ % F 2 (a)PEG/NMP +* & ~ (b)PEG A F & ehff % o

Chakrabarty % 4 P 3 & 12wt%PSF/NMP ~ 12wt%PSF/DMAc & % ¢ 7 4c
Z % >3 £(400 ~ 6000 - 20000 Da)i7n PEG » 485%% 2o 4o £ -3 74+
¥ 2 e s anE s p|E 2 T gk 3 £ (Equilibrium water content, EWC) ~ 3¢ . &
(Porosity) ¥ -k i% i 5 (Permeability) » H #iciE 40T & -4 H ¢ > EWC &3t 4 ¥

BB S TR TR R R gk R i g 0 ¥ PEG A 5

&

EH 4 EWC diclgx € F 2 R Eenat 3 b A &R Aok o iga B

BiFF A 0@ iFEL 5l Young 3 4 sl ARk en) 2 g R e 2
Aw o~ A AGE D Et F o A4 T 43 e F)pt > PEG 20000 HCTt B S e 4
Foap ALl 3 Ar o Ao B[S E MARTR R AR B M i N R MR T KA A
BARA IR A A o

% 1-3 4Bnp w2

Additives (wt%) Solvent (wt%)
Membranes

PEG 400 PEG 6000 PEG 20000 NMP DMAc
PSF1 5 - 83 -
PSF2 — 5 - 83 -
PSF3 — 5 83 -
PSF4 5 - - 83
PSF5 - 5 - - 83
PSF6 - 5 - 83

PSF: 12wt%
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%14 2 e e 2 o
Membranes PSF1 PSF2 PSF3 PSF4 PSF5 PSF6
Water content (%) 56.8 68.2 78.8 58.6 69.1 76.4
Porosity 0.38 0.38 0.59 0.39 0.39 0.58
Permeability 0.094 2.2 17.6 0.14 25 3.66

(Lm?htkPa™?)

Ma%—‘ﬁ%ﬁ

— R WK AR o B A AR

kB -7 F PEG & +

PEG 400 * &

P E_2 £ & (Contact angle, CA) &k 2| %755 %% & e K4 o

-0 T ] 1-32(a) ~ (b)A ¥ 5 I PEG 400

F BB R A VR R o K(RT J‘z—JF'I— s wEE
= IV H 4 o @ (D)BIA A EE PEG A 3§

SRR LY TEELES PSR S PR PO T X Ty
B P > F]R X SRA A P AN 0 A R F 0 Rk e T - S G o A
G &Y PEG FI B § ALK ILT 1L G 2L A~ A e e
(a) o (b) e 82
" {88 62 1 ‘
a5 - é,,—i/ 60 ‘\f~i\§ S 1%
20 ™ =97 Porosit /+ 1"
3 ® 1 = Porosity
£ o] i e Zel I Jroc
3 188 3 5541 y 1
2 301 QS 9 52 ¥ 143
o o T e
Q 55 . 82 Q 50 1 - e A 472
g pul ;
20 - P / 470
1 de0 46 .
15 ] 44 1 * 68
0 2 a 6 8 10 100 1000 10000
WoeG 400 (wt%) Mwpeg
B 1-32 3L B3 ~ #2278 & 2 (@)PEG 400 i & ~ (B)PEG 4 + £ chbf 14 o
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Wang # 418500 409 s 3 008 70 50 3 A ST
s+ £ 50k 1 PVP i 4o 3t R (PSF) » RAESA(PES)i3 i @ - i 1771 38 54hf
O VRARLGE B2 F A AHE TG RAEEDET o s
A

/Ir/
e

<ok

i

5%'?]( ’@Ei" ? /’7\—3-/,%%?]/ ] 4 'g‘f' “ o) '4§_ PVP ;‘J’%ﬂ % 22\?& o

AR S Bk B o 38 % 1 PSFPES #3 § 45 > DMAc 2P i3

F_&

A o 2k Sde » PVP o g ARSI ARR § ¥ PVP oc R insfen F 2 o
AR A SR(A A 5 DMAC)® C PVP AR EB{8 G T ehz ¢ 4,234 » & i
oA A e FRAREFS L A od B F AR A SGEH S 2P)P o 4 PVP
€ RENTANAE SRR A B R RMBEE S AR REESF AR

% 0 4o B 1-33 #ron o

OPES12/2P OPSf12/2P WPES15/DMAc MPSf15/DMAc OPES15/2P OPSF15/2P

1000

900

g8oo ©

700

600

500

400 o
300 My
200 g 'm =

100 @ u

o of

0 10 20 30 40 50 60 70 80
Skin thickness (um)

Permeability (LMH/bar)

Bl 1-33 3 -kis 8 5 2 4 a0 & (skin ) B B 2. Y ehBd % o
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1-8. P 682 p ih
L7 $ B PSF WoemBihliar o 4v kAo R AR b £ B adkiivs
-0 R BRARDELE AT BF PEG¥H PSF EenB o AT E 2 B

oA+ RPEG (75 Al A5 Tk 8k~ 100k Xf FR - 4 » 3455

NS

7% A e DMACc £ 33 %’3]‘-’”21’,; o L T"‘Z’%"f’l i Ea ¥ enfd % o

(Q_L P

AT E S L ZBIFB S - IR g H jlﬂp]xﬁfm], R Tl

T.l\\-

e
WHigi7 5 > P PSF/DMAc 2 PSF/2P & 4 2 R & - ¥ #7323 £
e PEG -~ & Ba# % sy ¢ B H A LROTET o @ hbil g £
AR O BB kA LR {2k f};%ﬁaﬁ,ﬂf%cﬁﬂmi § o - PREIDE 1
kfeis EF (Lysozyme)id i 5§ Wk A7 7 1 et al o ¥ el R 5 B
G(SEM)A 455 s o Fd WBih 7 5 H3 AG A T 0 TR A 4

R SRR e LIRSS St R L
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Fo% REMHBERT R

2-1. R A

1. E# Polysulfone (PSF, Udel P-3500, Mw=50800g/mol, d=1.24g/cm?, Tg=190
°C): Amoco Performance Products Inc. (Ridgefield, CT, USA)

2. X ¢ = f% Poly ethylene glycol (PEG 1k, Mw=1000g/mol): Aldrich Co., Ltd.

3. &t = 3 Poly ethylene glycol (PEG 8k, Mw=8000g/mol): Aldrich Co., Ltd.

4. Xt = f% Poly ethylene glycol (PEG 100k, Mw=100000g/mol): Aldrich Co., Ltd.

5. N,N-z 7 fz figre N,N-Dimethyl Acetamide (DMAc, d=0.94 g/cm?): Aldrich
Co., Ltd.

6. 2-vt¥& A 2-pyrrolidone (2P, d=1.12 g/cm?): Aldrich Co., Ltd.

7. % #p* Lysozyme (From chicken egg white, Mw=14400 g/mol): Sigma-Aldrich

8. 2 @3-k Deionized water: W= ~8*F i H1 28 Lk IHRT -

9. k]

o=

% Liquid nitrogen: £/ 2% 3 A2 2 o

2-2. RHRRE

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

2. HFBIATEAEMIELEE (Magnetic stirring/ heating) : CORNING PC-420 > &
o8 45 6795PR -

3. /¥ & (Rheometer) : Anton Paar MCR 302, spindle: CP25-1 @ ®* &4t f4
AELE E o

4. HF45 ;87 F B Ac4t (Scanning electron microscope) : Nova™ NanoSEM230 >
Rz o@~FF1img s

5. ¥ ¢bsk/v Bk Sk ik (Ultraviolet/Visible spectrophotometer, UV/VIS) : CARY
300nc, Agilent Technologies, Malaysia, » #*% £ iGf 5 2 & R I o

6. E N ¥FIE R (Stirred cell, 50mL) : Amicon, UFSC05001 o
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2-3. R
2-3-1. & el

= E B F Ak RE A 6lDF A (PSF) ~ i3 #(DMAC/2P/co-solvent) & 7
4o B|(PEG)E » 1 B4R hff S 7 > L #0b 8 F B FL e £ AL E B 4

F¥F 1 parafilm 3 BALF R R SIDL T Ao EFZ F ¢ ARG 3 g r Y o

B {6 MR AR » B 60°C did ip g Ao B BB R ET I AR E IR
FRFREATEFERAIAIR AR TEREBNZHUE Ay g &

T 232+233FBFRFEGFTAL

232 FAIABBTER

Ay A& % coneandplate A 5% G ik 0 # 3 (cone) R 5L 5 CP25-1 >

% 24.983mm o 4R 5 1.001° BRIT FiiT- B SFRALS 0 2 325 RS

3

»

PR EES T ERD S ERE CEIREES > TEFRR TS 25°C A&
BRHERN KIS FE BRI B RN R T E
B R BT 2 ig 5 (shear rate) € & 60 £ 0. 1sTIH 4e 3 15057 0 £ {7 3
ﬂ%&&@ﬁﬁﬁﬁﬁ%&ﬁ’%%%wmﬁggmﬁﬁﬁ,jug§ﬁ,g%

AP F 5 0adER > T 5 F *7 4k & (zero shear viscosity) e

2-3-3. B3 R

B AR AT KRR 0 T RKE & 25°C 24 0 B KRR
Bk e B AR o BEENTR ) AH (L)Y 0 30U 300 Bk h7 Ade B
PR 7OEE R I R RN AR R R R R T SRR Y O F R '

59 SR LR AR S A SRR, P2 Bl PR A T BT
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Bl 2-1 B3\ WA o 2 B o

2-34. FHBEFEAETF LR

ek

feed tank +—

gas inlet

) stir bar

O-ring —— e
—_— ——— membrane

permeate outlet

Bl2-2 3@ mices 2 Bl e

2-3-4-1. k%8 F

Bl 2R A T 4.2 24 hF] 0 kbl ¥ 2 O-ring #-

HEZ A Erd s ,ﬁ;\f;i:szu;{;ﬁ%awi, 2okt o LFEIREEA
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Lt TR 0 Rl R0 € BECE F O FLDF R w4 ey ok
& &

)
(‘ﬂ}
P
£
o

ok S et EATE S 4 40ml end ALk o bR F R
A}EJ(AP)"/ﬂfE“_é’_1~4baI"' ’“‘B—t»]\gll;f"’-""i "'":_51"1:%.?’0'4’%-%5@

X AR FE R - LR RS iR PR T e st Ik (TR AV (AT)

T E i B AR (V) o BRI D] ehdiciE S x 2N =140 T (7 D] e i 5 o
v
be = A AT 4P # 121

2-3-4-2. % FE¥(Lysozyme)# ¥ ¥

i3 Ff¥(Lysozyme) 2 ~ + £ %) 144 k Da ehj-v J > 19582 e 3 [Pv
& @ik B 0.1g/L e Lysozyme L 394 F % /] 4.3.5~3.8nm 2 ¥ « 2575 1 & §_

% 0 R R S R B S R R

£l

ﬁ

LA 4 o

RER TP R ARE T O e X Bk R kT
AR FEH YRS EF R HROFE LT o BFH L, K29 40ml
Lysozyme 7% i » ¥ B R R 4E B LR S 04 G B eh Bl 88 o 2 (595 e 1.5 bar en
FREFERT & PRI § U 10ml {5 10ml i 8% 2 i
Flepens 20ml 3% (75 5 o

BEFAIY K b k/v Bk k3 R(UV-VIS k3 &)RIHk 57 Lysozyme 1k &
&k Bk £ % 75 Lysozyme swx Ji# & (278nm) » @ Lysozyme swk |gid 27 4L 0 4
ERA4-T B 23 B 24> B BRIk R &~ B0 1-16 2258 121 ¢ > T E

EFFHETFE LGB T S -
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Abs

Bl
=
i

s
k=N

a3

2

Absorbance (-)

L

278.3 ,2.404
200 250 300 350 400
Wavelength (nm)
] 2-3 Lysozyme i UV-VIS & 3 i% chwx | % & o
4
A
3 - a’
~ .,
2+ .7
. ¢
l ”
1 e
el y = 24.305x + 0.0127
e R?=0.9996
04 o
T T T T T T
0. 00 0. 05 0. 10 0.15
Concentration (wt%)
B8] 2-4 Lysozyme i £ 278 nm ek & 45 F 40 o
Cp 0
R;=(1- C_f X 100% 122
;¢ 1-23

ST TV /Vyo)
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2-3-4-3. LA

LM AT R Y B MR T 5 B Acs(field emission

scanning electron microscope, FE-SEM) & § 2 & & BL2& § & + & W eyigdt “%Jf# ’
& 4TS g:}ﬂ 3@ b%é.mm]}iho>—i'ﬁmﬁxa}i§éﬁ—%;;—ﬁ£ N SR VI
R S Y TR

ARG R R o H > HBHEE TS A A2 1 ek 4 (ductile
fracture) » P FAALH BT E A AR FHHER T E 0 ¢ & ¥ i £ (impact
energy) e B "% 40 @ &Rl M T M 2 5 (ductile-to-brittle transition) » pt B 35 4e
b4 ¢ A 4 s pl A (brittle fracture) » BLA T G g g s TR A @A 0. Fp
R G PR AR MR Y - B LA W s e
ET s ARG A £

A E AR MRS RS PR S o RFR PR L S
p o Bt F P RBRB AR E 7 TR SN VIR A 0 iR 4R
SEM hipdfercsk c 2§ B MBEE R TE - B9 £ BHREET 0 A
fo Mt oo r SEM 6 o i (7447 o

A EHE - BRI T D el R AN ] LG
(x120000)2 6 368 6 > B ¢ £ 5 & 45 2 8 6 (x1000)~ 215 % & (x2500 2 x5000)~
&7 % K 22+ (x30000) ~ E &340k P (x30000) ~ E A3 F BF(x30000)£2 i1 K R
(x30000) > =% 7 7, Bl4c B 24 ° & 1-4-2 e & F & ] d 0 o 9EE A2 € 5
ABAE P F RO G EFFINASF A FHEIEL R F R A
FEEATRR IR BATORRETEFF S ERE O RO S L
LR BRTEAESHIEGTRESLEE) FI Al anth? g ies

B s A pha e LR
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cross-section
(x1000) * surface

(x120000)

between macrovoids macrovoid lower
(x30000) (x30000) (x30000)

Bl 2-5 SEM 4p#& = % 7 & BI("2 1SPSF/2P % &) -

AR TR I NOR F e Eﬁ.ﬁ%f#iéﬁ C T LR TS
E 4|43 JF (macrovoid) ~ % ¥ & (sponge layer) » # A7k & = 35k (finger-like) ¢ -k Jf
A Bl 2-6(a) T 5 A A S TEINE E ATV RN B en e 0 R T R
PRB o FREIGFR RS > BT R B 2-6(b) c FE B NAE NER FIFEGS
KEBFOER Sl - 0 F TRV EHE ERBARFDERANT RS
(x1000~x30000 7)SEM B % & & o
FRE wIN G 41 &7 RIS gl e Rt a
LRSS PN ERENY L FORBRI EF ISR S EP M
I R TS 4o B 2-6(c); FAER A AR HE L A0 Ho RIS FAp
FAR? @ hmre R o TR RSTH PG 0 A IVERE B SRR 0 Ak § AR 2
1 Gk ek el > 4o 2-6(d) 5 F ST RH A APA B RIS § AP
SR SEFPOEFRE R S FF AT § ERGR AR A IF g B

@i o 4e Bl 2-6(e)F T o
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(a)E A4t jF (macrovoid)

1:4

(b):% 4 k& (sponge layer)

V| ET mm N

(d).sm ¥k %z 4 (cellular-like structure)
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prb o e i e g RMORBE S G - TR DPES O FP T NAERE
T gt RATZBHEddd - FREA R DR AP oA R o 2
E AV R 2 B et BEm P A3ty o ¥ 22 # L 7 i il 3¢ B(non-conneted walls) »
4o @) 2-7(a); F 3 EER IR o B 2] 25 & i 3 BE(connected walls) > 4o ] 2-7(c);
FHAESHERAPRE D AREP IR > VARG BEANA
(connected sponge layer) » 4[] 2-7(d) ; B4 WA M H AR 0 PIFTRTESE
(dense sponge layer) > 4w 2-7(e) ;s &+ & D MABE i WA 0 ¥ NI 2R 4

Hl g 3tk o BV AR 5 X i3 3L EE(semi-conneted walls) ¢ 4o B 2-7(b) °
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(a)# i# i 3¢ E&(non-conneted walls) (b)2 i if 3¢ EE(semi-conneted walls)

—2um

Nova NanoSEM

(€)% % /& W & (dense sponge layer)
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2% BFads

hAT G #- PSF BCRF A3 A B3 230 5§ i3 24 o NN-2 7 flo e
(DMAC) ~ 3373 34 e 2-vL ek fip (2P) 22 & % JR & eh% 73 A (co-solvent) » & #F 34 4c »
# Ip A+ B Bk R 0 4o ] PEG %E’«“Kf@ﬁ#i Wi i R e o

AR EEA AR F - R A NN L R R R

Iﬂ

g

BiERai B R - PR LR A /BRSO FHILG 7 e A I R
FORE GG AAPT EAY O BRER A T/ ARG R DL R S

LA R hj o B PSF R g

=hg
.6»

!
o
_‘.n,\
M
g
e
P
|+
o5
=
CH
=
<ol
I
4y

TN RES S TS T R SRR TR

by
:_r,;%'
F_&
%
o]
P
iﬁr
piEs
i

ot enk & o

31 R i

3-1-1. RCRB R erin R

L R AR R R RS it L A
PSF 12 7 e et B3 f2>° DMAc ~ 2P ¥ > Mm% RPIE H ALR > &% PSF B R
B HRALE M RS TR 31 KB B AR R A FERET
2P AL B eNAER 0 P A3 A AR M EOM o 29 DMAc kAt
18.63wt% % 4 =x = Henig 47 > @ 2P Lk s & = e T o
TR AL R R XS BT F A g A FRE AN HEER
iz 300, 5 wgw ST RIEARY NF A FAAF S YR BRMAESE
FEREIM2E MG - LF 2 PEFL R EEE S 4T 2 Sl 4

o @ 2 i1 & PSF/DMAc i3 i 587 3 5 %+ &% jedp & > PSF/DMAc sht' ik
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B 4t 18.63wi% “HiT 0 B 1 i Bk R 2 150 B iR AR &k R M T § AR A
¢ 1.9492 = = B %A 6.9973 % = o B {F ;1R hE PSF2P 3k A A i
Froev a L A2P iR g A ﬁ_swt%fj};g REH PR A PSR R
FI AT g o

BUE TG B G A FERA T T 4 kgl

,‘_q:_ N 7 R
Frzoam A + 2 %

7

ETIS

3
3

G fed o NPT U ST T L 31 ¢ g HAFER S RE|ETE A3 AAT
T% 4 Lo o FRIAFER FH(6,) L FES 83 3R S8ic L B (Ss_ys)fr] o B
Fom 3 B IE* 4 fdg o 38| 5 strongsolvent > B ® A~ F F 5 BB A KD

Mo FAEARASEIEY 435 AT P A3 AR S poor

solvent o

=

B e St o ¥ U FE 2 DMAc 4R 5 ostrong solvent > @ 2P B E_poor

I

-~

solvent @ i K 2 B eni & ¢ PPN R ML 2B H2 ez - iea
AR Y FR RSB R A R B R E & SRR 0 A
A 112~ 15wit%eE08 A F b 5] #-PSF i3 DMAc ~ 2P 2. ¥ > & 12§50 s
WAL T - R A G S R IR R 4R 9

Z AR -

ke
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100000 ® DMAc y = 1.31x3704 |-
1| m 2P R? = 0.9938 [ o
."."l.
10000 ~ Lol .
o ] . .
:_—)/ -.".- ._
> o y = 5.07 x 1077 69973
z R? = 0.9967 @
& 1000 -
g 1 . @
> @
N
...... o '
100 4 e ® :
i e |
............... y = 131 x19492 |
o RZ = 0.9871 |
I 18.63wt%
10 ' . , : I Tl
5 10 15 20 25 30

PSF concentration (wt%)

®] 3-1 PSF/DMAc ¥ PSF/2P s %c® % ¢ PSFE R e E > 3LE M % o

F3-1 AT ATR Y B AT BB R Hp R S AR .

6d 617 8h 6t SS—NS
PSF 17.4 6.3 6.1 19.5
DMAc | 16.8 11.5 10.2 22.7 6.65
2P 19.4 17.4 113 28.4 12.42

8= (84" +6," + 68,05

8s—ns = [(Bas — San)® + (85 — Spn)? + (Bps — Spn)?1%° ©
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3-1-2. BB HIH

PSF/DMAc ~ PSF/2P & i stcnff s 4e™ B 3-2 1 3-8 #77 « 7 14 F 413
B Al kg N FSLE c FALR 33 P2 BHERF A K Liiog
MILE TR A 2P ki o A G B E TR R E G R AR
FHART AR R R B4t o bo@ 3-3 534 #7F o 24 ] & 12PSF/2P ik
WA EFFIF o R FERARF I ISWtho RIS HEREERT 2 ANA L
BRAE o ¥ - 2 5 > DMAc éhE 4134 5 & B dpdeds o @ B 3134 F I ke 0
RIET o LT PEEIR o R G B KGR A BB A] L BRI R it

I o

)
)
e
3
AL
4
6
s
&
3
W%
5
I
5
W
-
“.El\“\
o
<
>
(@)
¢
3

P AR BB EERY  EF BB LI AL e BE o FP LS D
REVRE  REAKBHRIRD ApF ¥ 2P LATFIRERF B A
%Aiﬁﬁﬁﬁﬁ&’ﬁ$$ﬁiﬁﬂﬁﬁﬂ%%%’EWT SN R RN
PENFRFHFIRAFIARTVRTAR S S o a LAk EE S BR T
Ao SRR R R kg 0 0 8B 3-8 K c DMAc k siihg A+ R R P A
2P pkeni > T AF S R 4G g A T B AT AR ARG R R
HTEFAFRARPM  i2n TRAFUFRS -
PR OFIFETRH RF BAF kR c NiERER KR 0 2P
$u9 5 ISPSF chid Sk 4 Bt 12PSFABR B 2 S50 FISARR L 2 R 3§
AFA At B kMR INEAIARTY E- BELFE o @ & DMAC
PAL TR R AR SRR R Pl R R PSFIRA S R N PRl
L v T g DA AR G FRRI RO RRGA ERT R

D T RGBT S F DR R B M -
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DMAc

2P

12wt%
PSF

5

surface (x1

surface (x120000)

15wt%
PSF

5

surface (x1

surface (x120000)

1 3-2 PSF - DMAc 2 2P & 3 4l % 522 4 5 S0 i o
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12wt%
PSF

15wt%
PSF

cross-section (x1000)

cross-section (x1000)

B 3-3 PSF 7 DMAc £ 2P & j3 4 4 Sez. 28 5 St e
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12wt%
PSF

15wt%
PSF

upper (x2500)

B 3-4 PSF = DMAc ¥ 2P = ;3 #| 4 4

59
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12wt%
PSF

15wt%
PSF

ETI nm

upper (x30000) upper (x30000)

B 3-5 PSF % DMAc £ 2P & j3 4 i Soz 4233 4 2o+ £ 5 Bt e

2
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DMAc

12wt%
PSF

macrovoid (x30000)

15wt%
PSF

macrovoid (x30000)

C

I
|
nm a

macrovoid (x30000)

Bl 3-6 PSF & DMAc £ 2P & ;3 ] & .

61
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12wt%
PSF

15wt%
PSF

between macrovoids (x30000)

between macrovoids (x30000)

%) 3-7 PSF & DMAc £ 2P & ;3 &l &

62
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DMAc

12wt%
PSF
lower (x30000)
£
15wt%
PSF

lower (x30000)

lower (x30000)

] 3-8 PSF & DMAc £ 2P & j3 i & 52 3T A 8 5 S0 4o

63

doi:10.6342/NTU202300390



3-1-3. Bl 5 g o oA 3

§Ot A TEARY 0 B AT BT L b i @ NS SRR 2 K o
FAFHABE TR AN ERT AP ERE SR &S Lpt B
o Pt T hamiind o 4§ FETL B RAEE ERoT 2 B R T

S S B e TR = R R
Bk @Rk AeT B 3-9 0 RS B e era A ko K T g S kst
R TR L HY LG AT F el E ST E 0% o B 3-2 £
I P BoTier B EL G ’Kﬁi’im % > & Lysozyme # % i i > @ F &
BEORFF o ¥ - 25 o 2P send kB S P R DMAc & st§ > 14 12PSF
Je 35 ) > 12PSF/DMAc %% 8 5 5 217.91 LMH/Bar » 12PSF/2P %01 4
440.481 LMH/Bar > &  ##chif i 549 £ B 1t > @ 15PSF/DMAc & i
W#F {5 F 4.57LMH/Bar> ST 483530 F o B % T A £ KR 3-5 £ 5 2% x B
RfRFE 0 d 40 2P % eniNE § B R CA W o @ TV Bl 2
mOEMCRE LA o a2 T o B2 2R DMAC k SLenE AV B AR K R 4
Avdt o e d AR BHENRG A L IVBRRRES T I 2 kR F S E
EREFFRM -

UERER KRR EH A DMAC A E 2Pk e EE B A T ER

PR E O S ES TH AR Y S B RERR

&

V3

EREEEM IR R L BAPM > MRS AR R kg BT
Foh gy o w A G S e SEM Fld statr 2kl o mit g

By oy i o g AT kR EREAGIVFSE RS A L H o
RILHE I Famik R4 frd FRAKEEF RN

wE ek &k i BALR 2P ABEF A IR € MAEA 5 DMAC

-~

i

HREG LRRNEEFAM 30 8- HEF E BT T RO &

§ H-E AR o BIEE  h Y TR B SRR Rk PR
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B Permeability
—l— [.ysozyme total retention
—@— Lysozyme surface retention
600
—1 Oo—10 - 100
500
—~ - 80 ~_~
g S
m R
400 +
z E
2 R
> 300 2
2 8
) i
3 L 40 2
£ 200+ 2
’a >
A —
100 - 20
-0

*
12PSF/DMAc 15PSF/DMAc  12PSF/2P 15PSF/2P

] 3-9 PSF/DMAc £ PSF/2P & i thifish -k i% i & 22 Lysozyme chis § 2 o
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3 2 I/]v« 4‘: ﬁ] ,J\ ‘3"% ’ﬁ

P2 fran B e Bk P e BT IR R ERLK R B A P R
kel e - fR PEG 1% 5 4o @l > F 2 B8 (7R3 i AR o o BlOR (25
H)% R GBI R R ARG RS NGRSO FA S 0 A E ST
3c% s m ¥ — B P hEA *’;;q*“”ng_m,Té oA 0 B E MK g s kB 4o
ok BEF00 F IR a3 BHALR PR BER PR RR A oo AP E
G EAEEL iT- BB S HPEG A% 5 1k~ 8k~ 100kDa > ¥~ 3-1 %

FF‘-’WQE 'I},J fb‘:l ’T' LL?{’ Fj?'},) «um —2550

3-2-1. B 4o M BR R I RILTRF

PSF/DMAc £ PSF/2P & & % 1_,;]* 4v PEG {4 H 2ER % 1 A w]4c@) 3-10 ~ 3-11
S KR R R AR A R AR fha & 14 2Pk Mendk R 8T 2 DMAc
i #6011000 3 10000 % 0 AP T B A i do R chik R HARR B0 RIS A
% HBEF o

T Aot G RBARR LG A AR ORT AR T
DMAc & £L2P 5 st & § e Mk R & L % { § ~F L HPEG ¥ §
RARR R G0 A BRALL AT AR iR ER A S R RIS T Hep
SRR A TR P E T RE AR ARR LS AT RER KT
LAAFTERBE AFATMAEE I N AL T E L MREWIE A AEER
B ophthr 3 R i HiEE s A G RRF AT R B A RD

LA TR T U g A R Aes F £ 100k HPEG g R AER A A

\f:t

A A §F ko ki e mlepin o HARRH G PIGR I BA S
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Viscosity (cP)

1200

=D = 12PSF/PEG 1k  —@—15PSF/PEG 1k
1 =A - 12PSF/PEG 8k  —de— 1 SPSF/PEG 8k
(1 = 12PSF/PEG 100k == 15PSF/PEG 100k
1000
= 800
=9
2
-
= 600 -
(=]
2
>
400
200
0 T T T T T T
0 1 2 3 4 5
PEG concentration in DMAc system (%)
B) 3-10 PSF/DMAc % 5t % Fr PEG JE R ™ et & o
= = 12PSF/PEG 1k —@=—15PSF/PEG lk
120000 4 A - 12PSF/PEG 8k~ —dhe—15PSF/PEG 8k
1 |=m =12PSF/PEG 100k —M— 15PSF/PEG 100k
100000
80000 -
60000
40000
- - — - — %
. - P
20000 v J—— H==
e = =0 =
0 T T T T T T
0 1 2 3 4 5

PEG concentration in 2P system (%)

B 3-11 PSF/2P s st % v PEG JE B ™ edER o
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3-2-2. B e R HRAE OB HER TS

& 3-1-2 % 3 % PSF/DMAc ~ PSF/2P & 7 4o Al ORI RGP
AEHFENA L 22 REREALSF 0 PEGY BLE 7 e R FE R B A G F

HASHORT - AEEA A0 T aiF AL B

3-2-2-1. PSF/DMAC/PEG i st m%’f#.ﬁ;ﬁ

PSF/DMAC/PEG % .?fuﬁ':féf’«‘?f%f#%{r'f B 3-12 3 3-19 #75¢ > H ¥ R 3-12 %
3-15 é7PSF k& 5 12wt% > @ B 3-16 & 3-19 B &_15wt% - & @ 3-12 ~ 3-16 ¥

g Pt PEG $4 6 BT LG P ASRF R A6 Y A DR A

=N

A=
A
5

BREFIARAFLIFDFE ] RFEFHI o MM R Ve g it
A G A 0 W] 3-15 2 3-19 817 0 4 PEG Lk i $HUEERHER A M £

@ #_4c » PEG 8k ~ PEG 100k ¢ 373id /ﬁi&$mﬂé¥’rﬁ“3§f¥g‘]‘4nmk}i D=

5

<k

B R BRI DA DB Y B GARRARL  GRR A AT R

9 PEG 100k ™ £ 5 B ¥ o

%z

ho3-1-2 dmtsh Y 0 ARG e SRR G M o B 3-10 3-11 &
Bom o ’J‘ v A+ 2 PEG £ 3 g bR 0 R @ € 12PSF/DMAC/SPEG
kiikg > PEG » +
2 FI

€ 5 1k~ 8k 3 iR ALR A~ W[ H_286~320cP > ZFET L3 1

—=

P X s FFERAEY - B R - > RHFET ‘%”ﬁ Hie g4l 4

B AR kg BEPER YL TGRS FaARR FRETT IR

ﬁﬂ%ﬁﬁéﬁ“{%‘ﬂrﬁ%/\ ig%\zrn~¥‘—i v » Fpb B 2 F £ PEG A id IV g
3Ltk o R Y E & MDAc kA o SRR AEAR RIS H & IR

%of LBF > T IR R niEr > Bt iEr T2 £ R o
B4 BejpRl s v URRBER G EL G LR UG e A e 5 B RGR

%,‘,ﬁ-x*’ B I45356],_&‘7@128‘129.«.1.__[. Eﬁxécﬂ?,/\_}giﬁfﬁ,/kétaydm
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BHEARBTFA T BRAAIRACEARL B b A A R 0 # 4
‘:'

Blhd Ap % o B9 < Do @ &F 3-10 it 7 31 & DMAc & 567 > i Se AIHARR B

=%
N~

RGP B AP T R A R e S B R LR B

I

RTOBAFROGRATG R SRR T R (R ERRELA A

'_*'J

"‘L]%_ gﬁﬁ{jxa’mﬂi{%o
SRR e g 4 N g AR R AL T e Bl R

s

ﬂ,f‘é{"fm_—;_}?'&g"l DI R PSP B L EH R I REL B A AT

aded et o e PEG Ik X g il it REIGHA LS E 5] o b
+ DMAc i8R 2H 10 @i oM S AT B Jp s LR S g
ME DL T REA T ks A S Tﬁ%};ﬂ‘?ﬁl@;@?%‘z% A i+ 5

g BRI ORRT c BWEHET E  Ae F o LRF Av\—fl-:"é_ﬁ’l‘,‘széc
A > 4r 8k ~ 100k (H PEG > o " H - Fhen® i < > FIPL A2~ fp o 3% >
M oe FUREFTH o e g s 4o B A Bop 3‘}3 e PF o AL T H ¢ Bhop kg @

RARKARS e S R B4 -
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12wt%PSF/DMAc/no additive

12wt%PSF/DMACc/PEG 1k

5.0

(b-1) surface (x120000)

(c-1) surface

(d-1) surface (x120000)
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12wt%PSF/DMACc/PEG 8k

12wt%PSF/DMACc/PEG 100k

(b-2) surface (x120000)

PM | 120

(b-3) surface (x120000)

(d-3) surface (x120000)

Bl 3-12 12wt%PSF/DMAC/PEG i ¥tz 4 & Sif ©

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/DMAc/no additive 12wt%PSF/DMAC/PEG 1k

Landing E .
5 3 N

1000)

(b-1) cross-section (x

3.0 Nova

(a) cross-section (x1000)
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12wt%PSF/DMACc/PEG 8k

12wt%PSF/DMACc/PEG 100k

mag | HV |det WD spot|Landing E
1000x|5.00kV |ETD 50 mm 2.5 | 5.00 keV

nding E
00 keV N

(d-2) cross-section (x1000)

Landing E
5.00 keV

(d-3) cross-section (x1000)

®] 3-13 12wt%PSF/DMAC/PEG )k sv2. > # m B

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/DMAc/no additive

12wt%PSF/DMACc/PEG 1k

mm

(d-1) upper (x5000)
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12wt%PSF/DMACc/PEG 8k

12wt%PSF/DMACc/PEG 100k

—10 pm —

Nova NanoSEM

ding E|
00 keV |

(d-2) upper (x5000)

HV det
5.00 kV |ETD

WD s
65mm 2

(d-3) upper (x5000

Bl 3-14 12wt%PSF/DMAC/PEG i stz 3354 & £ 6 Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/DMAc/no additive

12wt%PSF/DMACc/PEG 1k

(a) upper (x30000)

(d-1) upper (x30000
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12wt%PSF/DMACc/PEG 8k 12wt%PSF/DMACc/PEG 100k

P

(c-2) upper (x30000)

(d-2) upper (x30000) (d-3) upper (x30000)
Bl 3-15 12wt%PSF/DMAC/PEG i ¥tz 43T 4 2o+ £ & Bif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

(b-1) surface (x120000)

de
0 kV [ TLI

urface (x120000)

5.00 kV | 0 keV

(a) surface (x120000 (c-1)s

del
0 kv | TL

(d-1) surface (x120000)
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15wt%PSF/DMACc/PEG 8k

15wt%PSF/DMACc/PEG 100k

(b-2) surface (x120000)

(c-2) surface (x120000)

(d-2) surface (x1200

del
0 kv | TL

(d-3) surface (x120000)

) 3-16 15wt%PSF/DMAC/PEG % 3v2.

15 B

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

‘w m Vo

(a) cross-section (x1000)

(d-1) cross-section (x1000)
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15wt%PSF/DMACc/PEG 8k 15wt%PSF/DMACc/PEG 100k

(b-2) cross-section (x1000) (b-3) cross-section (x1000)

Landing E
5.00 keV

(c-2) cross-section (x1000) (c-3) cross-section (x1000)

Bl 3-17 15wt%PSF/DMAC/PEG i stz 2 # & Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

m

(a) upper (x5000) (c-1) upper (x5000

(d-1) upper (x5000)
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15wt%PSF/DMACc/PEG 8k 15wt%PSF/DMACc/PEG 100k

HY
5.00 kV |ETD| 5.1

/ det 2

ETD

(c-3) upper (x5000)

(d-3) upper (x5000)

Bl 3-18 15wt%PSF/DMAC/PEG i stz i34 & £ 6 Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive

15wt%PSF/DMACc/PEG 1k

(b-1) upper (x30000

000x 5 ETI e

(d-1) upper (x30000)
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15wt%PSF/DMACc/PEG 8k 15wt%PSF/DMACc/PEG 100k

(b-2) upper (x30000)

HV | d ing E

ME ey

(c-2) upper (x30000)

/ ‘ d ing E
v|E keV

(d-2) upper (x30000)

Bl 3-19 15wt%PSF/DMAC/PEG i ¥tz 43T 4 2o+ £ & Bif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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3-2-2-2. PSF/2P/PEG : $ithi #3135

#-PEG i 75 ‘v 3 PSF/2P k 3i@ > H B SHAcBl 3-21 I 3-28 1T e 2R
3-21 & 3-24 £ §] 3-25 & 3-28 &~ 8 5 kA& 12~ 15wWt%PSF & 4t o gkt DMAc
B J e PEG * 2P ki@ & w3V F et ) 5 ¥ cnde 2 o 40§ 3-21 ~ 3-25

S e @ B R Bk (R 3-225326) 0 G ERFANEER R E LT

ok
=

"Qiﬁﬁﬁﬂkﬁ\ﬁiéaﬁﬁ’%@}mﬁﬁoﬁﬂﬁﬁPﬂﬂmmﬁ
PR R R PR £ H A 3-24(d-3) ~ B 3-38(c-3) ~ (d-3)F 14 B0 AR E A5

—® - 12PSF/PEG 1k —@— 15PSF/PEG 1k
=rh = [2PSF/PEG 8k == 15PSF/PEG 8k
12PSF/PEG 100k I5PSF/PEG 100k

160

o
<
1

Sponge layer thickness (um)
g
|

£
\
\
\
W
$

PEG concentration in PSF/2P system (%)

B13-20 0% B2 s Ak R ~ A3 2 G -

86

doi:10.6342/NTU202300390



PEEGIVF < EBREER L FT fo ZALR o SR 3-11 BT i 4e A
ﬁi- PSF/2P /J «u/d?é—"}i ? fgg;ﬂi—’#f X o I %\' \i m —g ’ l/i'_—}’:\/%é"ﬂj > ;J'i—/%%ﬁ EL iz IT "/l'm
PEG F]1H B kM » B E 4k 3 F 40 A2 373 Moo @ 2P hi? FIERZ

RARP 0 B A T AARFACE S RN BRF A F AR ST R A

&

g o @ AN R A kR TR o

[l e SE a"ﬁi,"j?ﬁ’?‘?']ﬂ—?f? SRR R R > FEREED LN RFER
"% A G PEG > je& FARR DA o JER 311 F 0L S e RIS T B4R 3
B pAsR e g R PRI ROBFEST > FPFEE AL F4aE AL H I K
%Wﬁéﬁof—%ﬁﬂmGﬁﬁiék %meﬁ&ftﬁ’ﬂ“ﬁsﬁ
FRERAFAIRFIN K L FRRRF P DT F o ezl -
A Lm?%4’*ﬁwfgﬁ? B EEHE e RG> VIR
BB RS T EE D {1 PEG nF B0 f PEG A F 0 B e 2 A
RELE S URY > WG R4 B2 F £ 51PEG 100k 4 57 244 B A7 - o ff]
3-22 ~ 3-27 #(a) ~ (b-3) ~ (c-3) ~ (d-3)#7 e

ﬁ%ﬁé‘wqﬁ@d & PSF2P 5 3ei B RS (e d G aF < BBk

w

BARCERAR > 5 SRR § P PEAERN AT R HY AP

2 B enBE (e 17343 0 35 IR B ki M B

87

doi:10.6342/NTU202300390



12wt%PSF/2P/no additive

12wt%PSF/2P/PEG 1k

(a) surface (x120000)

&\

(d-1) surface (x120000)
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12wt%PSF/2P/PEG 8k 12wt%PSF/2P/PEG 100k

3

(b-2) surface (x120000) (b-3) surface (x120000)

(c-2) surface (x120000) (c-3) surface (x120000)

(d-2) surface (x120000) (d-3) surface (x120000)

B 3-21 12wt%PSF/2P/PEG i $e2 % & Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/2P/no additive

12wt%PSF/2P/PEG 1k

(a) cross-section (x1000)

00 k\

(d-1) cross-section (x1000)

ETD nm| 3.0
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12wt%PSF/2P/PEG 8k

12wt%PSF/2P/PEG 100k

g F det WD nding E
A1 ETD 4.9 mm 00 keV

(b-2) cross-section (x1000)

pm —

A

5.00 keV.

(c-2) cross-section (x1000)

(d-2) cross-section (x1000)

)
) 5.6 mm ) | N

(c-3) cross-section (x1000)

Lar |

nm| 3.0 N

(d-3) cross-section (x1000)

B 3-22 12wt%PSF/2P/PEG i stz 2 # & Bif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/2P/no additive 12wt%PSF/2P/PEG 1k

5.( D 5.4 mr

(a) uper (XOO)

1 mm

(d-1) upper (x5000)
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12wt%PSF/2P/PEG 8k 12wt%PSF/2P/PEG 100k

(d-2) upper (x2500) (d-3) upper (x5000)

B 3-23 12wt%PSF/2P/PEG i stz i34 K £ 6 Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/2P/no additive

12wt%PSF/2P/PEG 1k

5

(c-1) upper (x30000)

det
ETD 5.1 mm

(d-1) upper (x30000
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12wt%PSF/2P/PEG 8k

12wt%PSF/2P/PEG 100k

TD|49r S

(d-2) upper (x30000)

(c-2) upper (x30000)

(d-3) upper (x30000)

B 3-24 12wt%PSF/2P/PEG i stz i 4 B 3 < £ 5 i

PEG k& : (a)0wt% ~ (b)Iwt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive

15wt%PSF/2P/PEG 1k

(b-1) surface (x120000)

spot |Landing E ——
nm| 30 [500keV N

96

doi:10.6342/NTU202300390



15wt%PSF/2P/PEG 8k 15wt%PSF/2P/PEG 100k

(b-2) surface (x120000) (b-3) surface (x120000)

3.0

(c-3) surface (x120000)

(d-2) surface (x120000) (d-3) surface (x120000)

B 3-25 15wt%PSF/2P/PEG i $v2 % & Sif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive 15wt%PSF/2P/PEG 1k

(b-1) cross-section (x1000)

- df."-‘ “
- M..n. ot
et

(a) cross-section (x1000) (c-1)

3 0 K 4 mm 0 Q0 Nova

ross-section (x1000)

E| ~—50pm—

mm v Nova Nanc

(d-1) cross-section (x1000)

98

doi:10.6342/NTU202300390



15wt%PSF/2P/PEG 8k 15wt%PSF/2P/PEG 100k

M| 1000 x| 5.00 k 5.8 mm 0 00 ‘ Nova Nar

(c-2) cross-section (x1000) (c-3) cross-section (x1000)

(d-2) cross-section (x1000) (d-3) cross-section (x1000)

R 3-26 15wt%PSF/2P/PEG i stz 2 # & Hif -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive 15wt%PSF/2P/PEG 1k

ETD 5.7 mm

(b-1) upper (x2500

ETD 55mm 3.0 5

| () upper (x250

ETD 5.3 mm

(d-1) upper (x2500)
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15wt%PSF/2P/PEG 8k

15wt%PSF/2P/PEG 100k

(d 2) upper (X5000)

10 pm —

(d 3) upper (x5000)

B 3-27 15wt%PSF/2P/PEG % %t

vz
-

BEAEE B

PEG k& : (a)0wt% ~ (b)Iwt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive 15wt%PSF/2P/PEG 1k

(b-1) upper (x30000
&L L

mm | 3

(a) upper (x30000) (c-1) upper (x30000)

mag et t L E
D|56mm 5,00 keV

(d-1) upper (x30000)
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15wt%PSF/2P/PEG 8k

(c-2) upper (x30000) (c-3) upper (x30000)

(d-2) upper (x30000)

B 3-28 15wWt%PSF/2P/PEG i stz i 4 B 3 < £ 5 B

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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f 15PSF i 42 » 313538 5 0 4Tve 12PSF kB &) o ot R 1P i
SR A R RRE s @B Ly TR LA E S f TR
i ¢ F e0R 3L o 12 PSF/DMAC/SPEG 100k 3 &) » j& ] 3-14(d-3) ~ 3-18(d-3)4p 3 +*
Fo T IRA IR SR B 2T 3B AT e R R AP R

F]t f 15PSF [k 54 enih i 5 g i€ o

—® - 12PSF/PEG 1k  —@— 15PSE/PEG 1k
A = 12PSF/PEG 8k  —de—15PSF/PEG 8k
12PSF/PEG 100k 15PSF/PEG 100k
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PEG concentration in PSF/DMACc system

B 3-29 PSF/DMAc 4 %@ % SeEE R B REESRE AE o
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- Permeability —l— Lysozyme total retention —@— Lysozyme surface retention ‘
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PEG concentration in 12wt%PSF/DMAc system.
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Lysozyme retention (%)
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Lysozyme retention (%)
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B 3-30 12wt%PSF/DMACc 4 4@ 7 Se Ak B ¥ %405 1B~ Lysozyme B F & B

8] o 7 44 PEG & £ : (@)1k » (0)8k  (c)100k -
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- Permeability —l— Lysozyme total retention —@— Lysozyme surface retention ‘
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PEG concentration in 15wt%PSF/DMAc system.
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I Pcrmeability —l— Lysozyme total retention —@— Lysozyme surface retention ‘
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PEG concentration in 12wt%PSF/2P system.
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- Permeability —l— Lysozyme total retention —@— Lysozyme surface retention ‘
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PEG concentration in 15wt%PSF/2P system.

B 3-34 15wt%PSF/2P )4 4@ 7 SeF| R B 87 %4 oK% i 5 s Lysozyme 3 § & B (5 B

7 4o PEG &+ £ ¢ (@)1k ~ (b)8k ~ (c)100k »
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=@ = 12PSF/PEG 1k —@— 15PSF/PEG 1k
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3-3-2. £ A4 RS S

2Rk L eniE SH4cBl 3-38 3 3-69 0 & 5k SEM BlerifkgideT & 3-3 o

% 3-3 PSF/co-solvent/5wt%PEG % sv SEM [B] s{&55 o

PSF Conc. PEG M.W. | surface cross-section upper upper
(wWt%) (Da) (x120000) (x1000) (x2500/5000) (x30000)
no additive | 3-38 3-39 3-40 3-41
1k 3-46 3-47 3-48 3-49
12wt%
8k 3-54 3-55 3-56 3-57
100k 3-62 3-63 3-64 3-65
no additive | 3-42 3-43 3-44 3-45
1k 3-50 3-51 3-52 3-53
15wt%
8k 3-58 3-59 3-60 3-61
100k 3-66 3-67 3-68 3-69
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WIS KRB EF o &I AR BN RS
R 3-38~3-42F Mg FIEKHPRA G P H AR BHERRT BTG

I

\E\

S fde MM T B ARG S 2P AR ET A5 PAIF B oW
3-49 ~ 3-53 ~ 3-57 ~ 3-61 ~ 3-65 ~ 3-69(e)#7or © & & it 5 1 F 115 SEM B3
RBLR S s Gl A G B G F IR K fRIVF AR 2P T

T'I?’-?'FQF' - ﬁ')ﬂl\ﬂwc’

F_*
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AR S T S E A G BT L R A A *ﬁm@ikﬂ*
PULE (0 B 5 i CSEM cnfaf A K SRS G210 B A 2B L L5 TR
fg‘1“—ﬁ E —r"-+\. IFB'F"le ﬁ‘méu\ frl,(ﬁ 7 ﬁ;—?—!ﬁ%ﬁ‘"ﬂ:%\'3-4ﬁ r'%é Hﬁ@i'rﬂ'—;{{_ﬁ"

T g E B F PSF R RS e B T A B LR A A

ppuu|

BOPERF - B R B 2P MIERSRET > B E BRELEF 4
AR SR 2P kR § et A R S @ dV R AT o 2P R
fi#tr—g - wenE 2 180 A ’FT:';}’L "L’f#_g ,ﬁr,ﬁrﬁ&""?ﬁﬁ om AE Ui, Aﬁi_;? B

PlREgiTawREE NH FMmo ,T*wiz*\ Vi A X GEE MR k3t E

RAEF o
F03-4 R W kA AR EWRERITA KB e R PR
PSF PEG 2P concentration in co-solvent

Conc. MW 0 25 50 75 100
No PEG X X O O L]
1k X X O O O

12wt%
8k O O O O O
100k O O O ] ]
No PEG X O O L] ]
1k X O O O ]

15wt%
8k VAN VAN O (] ]
100k A O O ] ]

I XARRE D ABFRE Obmedd; [AMERGE -

BATAT AT L EEE R A LA A BN 2 RGdEh o 2P MR ek ALk

~

F(F 34 =238 1._#\/‘]‘4\1 BT AT R R gk o B e A

3 BPEG lk» mitgHdd i ¥4 r 343 € PEG 8k ~ PEG 100k

208 VR AT o FARIER R RIS M T E AR E S 2 A
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ZRFR S FAPSE R 2P Pk A 0 R H LK SRR ER A ik
B HIVEA R 2@ o FP A 34 kR 2P R B R F 0 T g
B 4o ]~ i 4e PEG Lk e i S48 47 2§ () § IR A Y e B R
# JeR 2P R F A, T IVEE] k4T o @ A PEG A4 F £ 5 8k~ 100k en
257 5 g AR L DMACQP B R 5 Owt%) » YA At e B LY@ & %
"1 3-4 e X R RERE 4 FeAL2P RO R (LB AR T 0 B A
e 0 e Bl RIS T 0 12WH%PSE kst g & 2P kR iE 100wt%Rt K
Lo m 15wt%PSF A T3 A3 EREWE - H 2P kRS 75wt%£ﬂf;fu
AT o J A T e r oA G AR e R e~ 108 3 F (1K 8K)F
oW pE S BATIE AT 0 4 55{213 ERE LR F AL RRA S
Bom A g Lk 8k v oAl R £ G BT @3 arck o SRR G R
Fengt o RA g AT ERB I I00k pF o B2 T g E A AT

/w\—lfé_;‘fjt ol g RERREEIAL > B 223232 F H AR D ARt 0 3B B

M
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w
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LEERBATEMPEGF 5§ ok b A RRFGEH S IR

118

doi:10.6342/NTU202300390



BAS RO R B R 2 BB E B ® i o T W 337 Bor R AEE A W

g

BR B ko AR Y 7 g P PSF 2 2P R RARE ~ ae Al e S EARS o RLA WK
B R €485 o 2 ¢ PEG 100k ¥ 5 & 7§ g PEG 1k ~PEG 8k B~ 357 »
i@ #_{ Ak & #& 14 (800cP) 7 12PSF/DMACc/5 PEG 100k &= 7 » H 4 @5 & E—Eifi*u o
T 20 #ek o @A T AL F G A 4 F £ PEG ¢ % 8= 4pik ¢ <0 spinodal

curve & ¢h B A0 @R e A S M AR A BT 0 A A 4 R e R B

Wl

BEm 2 o s Fﬁ'fé]}%.f}:ﬂ‘iir}‘f'3222’§‘. AT 0 TR ARR B AT RAE G N

AAGEENS AR BE S EF L SRR S A s K B

160 o |- W= 12PSF/no additive —— 15PSF/no additive
- (D= 12PSF/5PEG 1k —@—15PSF/5PEG 1k
1 [= A= 12PSF/5PEG 8k == 15PSF/5PEG 8k
140 12PSF/5PEG 100k 15PSF/5PEG 100k

—

s>}

[=}
1

100

oo
o
1

Sponge layer thickness (um)
&
n

I
0 20 40 60 80 100

2P concentration in co-solvent (%)

B 3-37 50K B R £ 3% B AW o
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3-3-2-1. 12PSF/co-solvent } 3vefiE o 4 W)

12wt%PSF/co-solvent

mag H WD | spot|Landing E — mag
0 QC

spot | Landing E
3.0 | 5,00 keV

20000)

spot|Landing E ——

(c) surface (x120000) (d) surface (x120000)
(e) surface (x120000)
B 3-38 12wt%PSF /co-solvent ,& st2_ % & B
AA Y 2P gk B 1 (a)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
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12wt%PSF/co-solvent

i r y‘,‘"*.- fﬁv, r; _”ﬂ?

|

Nova

(a) cross-section (x1000)

ET nm

(c) cross-section (x1000)

W R

(e) cross-section (x1000)

B] 3-39 12wt%PSF/co-solvent ,& 3v2. > & & B

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent

nm

() uper (x5000)

(e) upper (x5000)

] 3-40 12wt%PSF/co-solvent & stz 31T % & # & B

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent

det t Landi
ETD m |

(b) upper (x30000)

m |

(d) upper (x30000)

(e) upper (x30000)

B 3-41 12wt%PSF/co-solvent % 2 31T % £ 3+~ £ 5 B

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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3-3-2-2. 15PSF/co-solvent } 3vefiE o 4 W)

15wt%PSF/co-solvent

(a) surface (x120000) (b) surface (x120000)

det | WD |spot|Landing E / mag HV | det| WD |spot|Landing E|[—— 500 nm —|
TLD|5.0 mm [ 2.5 | 500 keV = N SEM 10 20000x 500 kV | TLD[5.1 mm| 2.5 | 5.00 keV | Nova NanoSEM

(c) surface (x120000) (d) surface (x120000)

B] 3-42 15wt%PSF/co-solvent ,& 2. % & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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(c) cross-section (x1000) (d) cross-section (x1000)

(e) cross-section (x1000)

B] 3-43 15wt%PSF/co-solvent ,& 32 > & & B

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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15wt%PSF/co-solvent

N4

e A

§
~
)

(c) upper (x5000) (d) upper (x5000)
(e) upper (x2500)
+ %

B] 3-44 15wt%PSF/co-solvent % stz 3&:iT

%

LB R

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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15wt%PSF/co-solvent

ng

(c) upper (x30000) (d) upper (x30000)

] 3-45 15wt%PSF/co-solvent % stz 4535 % & %4 # 5 B o

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-3. 12PSF/co-solvent/SPEG 1k % steniE R W

12wt%PSF/co-solvent/5Swt%PEG 1k

WD | spot|Landing E ——
52mm| 3.0 | 5.00keV N

(a) surface (x120000 (b) surface (x120000)

spot|Landing E —— 5
3.0 | 500keV N

(c) surface (x120000) (d) surface (x120000)

(e) surface (x120000)
B] 3-46 12wt%PSF/co-solvent/5wt%PEG 1k ,& stz 4 & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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12wt%PSF/co-solvent/5Swt%PEG 1k

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

(e) cross-section (x1000)

B] 3-47 12wt%PSF/co-solvent/5Swt%PEG 1k & stz > # & B

A 2P a9k B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o

129

doi:10.6342/NTU202300390



12wt%PSF/co-solvent/5Swt%PEG 1k

(c) upper (x5000) (d) upper (x5000)

(e) upper (XSOO

8] 3-48 12wt%PSF/co-solvent/Swt%PEG 1k & 3tz i 4 & £ & %—1‘# °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5Swt%PEG 1k

/s

(a) upper (x30000) (b) upper (x30000)

(c) upper (x30000) (d) upper (x30000)

Rl 3-49 12wt%PSF/co-solvent/Swt%PEG 1k stz 23T 4 2~ £ 5 B -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-4. 15PSF/co-solvent/SPEG 1k % sueniE RN

15wt%PSF/co-solvent/5Swt%PEG 1k

00 k

(a) surface (x120000) (b) surface (x120000)

(c) surface (x120000) (d) surface (x120000)

3.0

(e) surface (x120000)
B] 3-50 15wt%PSF/co-solvent/5wt%PEG 1k ,& stz 4 & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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15wt%PSF/co-solvent/5Swt%PEG 1k

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

mag e pot | Landing E|

#
M 1 000 x| 5.00 kV ) | N

(e) cross-section (x1000)

B] 3-51 15wt%PSF/co-solvent/5Swt%PEG 1k & stz > # & % 1‘# 0

A 2P a9k B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 1k

s

syt PN g
N e s
=3 ‘4 Vo

pef 2R
Ty )
_— 1 X
Wy

N

HV

pm
Nova NanoSEM

HY .
5.00kV|ETD| 5.4 mm

() upper (x5000) (d) upper (x2500)

(e) upper (x2500)
] 3-52 15wt%PSF/co-solvent/Swt%PEG 1k & 3tz i%iT 4 & £ & B

AP 2P Gk B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 1k

Rl 3-53 15wt%PSF/co-solvent/Swt%PEG 1k stz 23T 4 2~ £ 6 B -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-5. 12PSF/co-solvent/SPEG 8k % steniE R W

12wt%PSF/co-solvent/5wt%PEG 8k

(a) surface (x120000) (b) surface (x120000)

(c) surface (x120000) (d) surface (x120000)

HV gE —

) keV

(e) surface (x120000
B] 3-54 12wt%PSF/co-solvent/5wt%PEG 8k ,& stz % & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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12wt%PSF/co-solvent/5wt%PEG 8k

(a) cross-section (x1000) (b) cross-section (x1000)

|35 o]

(e) cross-section (x1000)

B] 3-55 12wt%PSF/co-solvent/5wt%PEG 8k & stz > # & B

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5wt%PEG 8k

keV

(a) upper (x5000 (b) upper (x5000)

5.( mir 5.00 K > 5.4 mm

(c) upper (XSOO) - (d) uper (XOO)

(e) upper (x2500)

] 3-56 12wt%PSF/co-solvent/Swt%PEG 8k & 3tz it 4 & £ & %—1‘# o

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5wt%PEG 8k

HV

(a) upper (x30000) (b) upper (x30000)

VI ETD 5.4 mm |

(d) upper (x30000)

(e) upper (x30000)

Rl 3-57 12wt%PSF/co-solvent/Swt%PEG 8k  tt2 23T 4 2~ £ 5 B -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-6. 15PSF/co-solvent/SPEG 8k % steniE RN

15wt%PSF/co-solvent/5wt%PEG 8k

t
D|5.2mm v

(a) surface (x120000 (b) surface (x120000

(c) surface (x120000) (d) surface (x120000)

(e) surface (x120000)
B] 3-58 15wt%PSF/co-solvent/5wt%PEG 8k ,& stz % & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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15wt%PSF/co-solvent/5wt%PEG 8k

mm | 3.0

(b) cross-section

ETI n 3 N

(a) cross-section (x1000)

(d) cross-section (x1000)

! det Landir
ETI mm | 3.0 N

(e) cross-section (x1000)

B] 3-59 15wt%PSF/co-solvent/5wt%PEG 8k & stz > # & B

LAY 2P gk &R 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o

EaRAs

7
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15wt%PSF/co-solvent/5wt%PEG 8k

5.00 K ) 5.2 mm

(d) uper (XO)

(e) upper (x5000)

®] 3-60 15wt%PSF/co-solvent/Swt%PEG 8k k stz 23T 4 & £ & S -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °

142
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15wt%PSF/co-solvent/5wt%PEG 8k

mm | 3

(x30000)

ET| m

(e) upper (x30000)

B 3-61 15wt%PSF/co-solvent/Swt%PEG 8k i stz i 4 K 2c < # 5 Bif o

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-7. 12PSF/co-solvent/SPEG 100k % $teniE W B

12wt%PSF/co-solvent/5Swt%PEG 100k

T

(a) surface (x120000) (b) surface (x120000)

(c) surface (x120000) (d) surface (x120000)

HV

(e) surface (x120000)
B] 3-62 12wt%PSF/co-solvent/5Swt%PEG 100k ,& $t2_ % & B

LAY 2P FE R (2)0Wt% ~ (0)25Wt% ~ (€)50Wt% ~ (d)75Wt% ~ (e)100Wt% °
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12wt%PSF/co-solvent/5Swt%PEG 100k

(b) cross-section (x1000)

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

(e) cross-section (x1000)

B] 3-63 12wt%PSF/co-solvent/5wt%PEG 100k & stz > # & B

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5Swt%PEG 100k

nm| 3.0

(b) upper (xOOO)

5 D mim

(c) uppr (x5000) (d) upper (x5000)

(e) upper (XSOOO

® 3-64 12wt%PSF/co-solvent/Swt%PEG 100k i stz #iT 4 & # & Bif

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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12wt%PSF/co-solvent/5Swt%PEG 100k

(c) upper (x30000) (d) upper (x30000)

(e) upper (x30000)

® 3-65 12wt%PSF/co-solvent/Swt%PEG 100k i fez_ i # & 2~ £ 6 B4 -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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3-3-2-8. 15PSF/co-solvent/SPEG 100k % $teniE W B

15wt%PSF/co-solvent/5Swt%PEG 100k

(a) surface (x120000)

spot|Landing E —— 5
3.0 | 500keV N

(c) surface (x120000) (d) surface (x120000)

(e) surface (x120000)
B] 3-66 15wt%PSF/co-solvent/5wt%PEG 100k ,& $v2_ % & B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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[

"

15wt%PSF/co-solvent/5Swt%PEG 100k

E

(d) cross-section (x1000)

> 5.1 mm I

(e) cross-section (x1000)

3

B] 3-67 15wt%PSF/co-solvent/5wt%PEG 100k & stz > # & B

AA P 2P kR (a)0wt% ~ (b)25wWt% ~ (¢)50wWt% ~ (d)75wt% ~ (e)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 100k

() upper (

X mm | 3

x5000)

(b) upper x500)

5.0 ) 5.2 mm

() uper (XOOO)

B] 3-68 15wt%PSF/co-solvent/5Swt%PEG 100k % vz F:ig

+
~

TIET R

E£AH P 2P kR L (2)0wt% ~ (b)25Wt% ~ (¢)50wWt% ~ (d)75wt% ~ (e)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 100k

2mm

(d) upper (x30000)

0 mm

(e) upper (x30000)

®l 3-69 15wt%PSF/co-solvent/Swt%PEG 100k i fez_ i # & 2~ £ 6 B4 -

HAAP 2P ik B L (a)0wt% ~ (b)25wt% ~ (€)50wt% ~ (d)75wt% ~ (€)100wt% °
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Py 4, 3 - ~ 2 k=
3-3-3. AR & SLE R R AL i
B BRE? > AP SEM BEED] A A A A G 2P R
1 ¢ HIRP ok m itk ‘—é—*ﬁ&_ FRa > AT gl 3-70 ¥ 14 —’g ] » & 12PSF/5PEG
ST o FAAIY 2P R T T5%PE 0 H & G & éﬂ’ffﬁfaé LA 80% 0 H T Aih
4e 100k 99 PEG & 57 2P kB o 50%FF 4 & £ F & % 66% > 4B 3-70(d)*777 o
P IRR B 4 2P R R A 50 3 75%¢hpE “f)j} v Lysozyme ® j&(%) 3.5 % 3.8
nm)BE 4 hka A X ¥ EIET il o &2 K_SEM Bl R
-Pcrmcabilily —— Lysozyme total retention —@— Lysozyme surface retention
(a) 12wt%PSF/no additive (b) 12wt%PSF/5wt%PEG(1k)
1400 1400
[ ——— O 1))}
1200 —mmO— o, —e—* _ 1200 _
g 0 £ | 2 <
i 10004 = E 10004 g
E 800 E i 800 4 :5:
= L S 2
= 600 g = 6004 2
< e < o
53 N 5} N
£ 400 2 £ 400 2
5 EN &
200 2004
0 0
0 25 50 75 100 0 25 50 75 100
2P concentration in co-solvent 2P concentration in co-solvent
(c) 12wt%PSF/5wt%PEG(8k) (d) 12wt%PSF/5wt%PEG(100k)
1400 1400
k100 F100
1200 = 1200 .
é 1000 0 < é 10004 S0 <
= 1 g | = g
E 800 60 E E 800 A 60 E
= 2| = 2
= 600 2 | = 6001 ]
2 40 % 2 L 40 g
= 400 2 = 400 32
P = b Eal
£ 20 = & L20 —
2004 2004
0 0-
0 25 50 75 100 0 25 50 75 100
2P concentration in co-solvent 2P concentration in co-solvent

18] 3-70 12wt%PSF/co-solvent/Swt%PEG s st ¥ ;3 & ¢ 2P ek B &7 %K i5 i 5

Lysozyme # § & i (2§ o 7 b A A 5

! (a)d& i 4o~ (b)Tk ~ (0)8K ~ (d) 100K -
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@ 15PSF/SPEG i Su(] 3-71)ehg &~ + kR g » FHESHEE W RRS - 7
dom B F € 12PSFS/PEG s sid — & > MRAF F T, B DR A 2P

KRS 100%p i o FUFH ~ Ao B Y F ORI RG o §F R FOL B
3 20% 0 Bgom g o~ /,’J‘ be) % %o Lysozyme shigigerfe 4 B8 0 4@ 5 4 o

G C S

- Permeability == Lysozyme total retention =—@=—Lysozyme surface retention

(a) 15wt%PSF/no additive (b) 15wt%PSF/5wt%PEG(1k)
600 600
—y s . F 100 F 100
~ 500 ‘\‘\/‘——’—’. = | = 3500 \' a
93 L 80 2, 93 L 80 %
g 400 S g 400 k=
3 5| =2 60 3
>, 300 2 >, 300 2
= = L40
g 200 & | g 2001 9
g & £ &
= ) = -
L L
& 100 = | = i00] r20 =
0 04

25 50 75 100 25 50 75 100
2P concentration in co-solvent 2P concentration in co-solvent
(c) 15wt%PSF/5wt%PEG(8k) (d) 15wt%PSF/5wt%PEG(100k)
600
100

- < ~ 500 3
& < 2 80 <
g k= g 400+ 2
2 N 60 3
2 2 2 300 o
=) = 40
g & | 8 200 9
A = & 1004 20 =

0 25 50 75 100 0 25 50 75 100

2P concentration in co-solvent 2P concentration in co-solvent

B8] 3-71 15wt%PSF/co-solvent/5wt%PEG & st ¥ ;3 & ¢ 2P ek B ¥7 %K% i 5

Lysozyme # § % B % o i 44 5 £ 1 (@) i 4o # ~ (b)1k ~ (0)8k ~ (d) 100k -

153

doi:10.6342/NTU202300390



TRI3-723-73 5 H A iAok EEF AT d SR A 2PER 6 L
PR R e gER > T AT B R HT R RSB AR TR RN S o 9
Wi Gy AR A FERAIR Y BB RIRT AW FEAR T I AP

(131, b q’*\qﬁ/%h ftr?»‘f(&vfﬁrﬁ ([’3\:

2

-
~=h
=

Bt 23 b AR R

AL ARE A FlC G RB Oi g

cHﬁ‘
W
[
s
EN
F".
W
\ .
w
7l
2
S
T
%
|
o

R ez g) ant! ‘.%%T.,‘%tg-_[%] o ¥ - Fm o AR L BAAE > &opoorsolvent ¥ € F
B A Ap RS B A i { B R AR 0 d 0 { R F A RS
AR EARRBRLERGE VA FEF R B 2 nAAER s B AR
GREREEMEA 2 A RENRIFAFF AP FEVHFF T
Wi de iy BRI A Y EEF 2P kR G L 4ol 3-70(a)
3-71(a) > 2xm % 2P R R i T5wt%pF » HFEF € P B+ ERIET % &7 &

LF 5 R A RR(LE 3-4) 0 e b B B AR 4 1 EEE A 5

»L

o

mE S

@AV is G C12PSF ks g B se A+ £ 1k 8k N PEG F o 3B 5 §
BOPRAR AT 0 AR EFL A R REE G 33 gk 0 R EWAR
HEHPFER EAZRRE S AREBERA L A d EFRBEF T D
PPRE o 2Rm 4 PSFIER & F I 15wt%pF » 7 *¢ 1k ~ 8k 1 PEG A B E
B 2P ERE SOW%RFFE R B S B> T A FZRERAD2IP FEREWE LR

BB et F LR R RSB R TR

-~

LR A éj;zjw PEG a3+ & 5 100k P > Eoed s~ @ &2 2P k
B F L BT i R F A ARARE PEG ARF P A TN M o B HER
F 0 %A DMAc ¥ o 100k 7 PEG kst ge s SRS S HE 0 3RS
@ F LA EFRR L S A Fendditk o Fa g A { B

g @k 345 @A 9 & 100k 1 PEG izt K B E 2P kR 3

S%Bﬂ‘ﬁa K% o BTARR S F A { € MEBES o

154

doi:10.6342/NTU202300390



1400
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—@— Without additive

@ PEG 1k (1%) v PEG 8k (1%) PEG 100k (19%) 2% water (0.5%)
D PEG1k(3%) A PEGS&k(3%) (B PEG 100k (3%) <> water (1%)
—@—PEG 1k (5%) —&—PEG 8k (5%) —®—PEG 100k (5%) < water (3%)

different water/PEG concentration different solvent composition Viscosity (cP)
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I
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non-connected +— D —@— @@

T T
100 1000 10000
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—#&— Without additive -
@ PEG 1k(1%) & PEG 8k (1%) PEG 100k (1%) different solvent composition
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3400 1[ @ Without additive
200 | © PEG1k(1%) (B PEG1k(3%) @ PEG lk(5%) '
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Surface retention (%)
B 3-76 % i@ g rTac i M2 R iE i 5 22 Lysozyme £ F SR % o
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Solution composition Permeability (LMH/Bar) Retention
Polymer Solvent Additives Average Standard (%)
3wt%
DMAc 663.35 50.97 87.856
PEG 8k
Swt%
DMAc 639.04 51.38 82.235
PEG 100k
12wt%  50wt%DMACc Swt%
610.23 83.61 87.087
PSF 50wt%2P PEG 1k
25wt%DMACc no
. 664.23 38.16 89.852
75wt%2P additive
1wt%
2P 609.98 16.71 85.207
PEG 8k
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wt%PEG 8k
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s A oF A de B % SLE R ATV S R% ’ff-m

A-1. PSF/DMAC/PEG % 3u¢nE 4|34 iF ~ RIS HF

12wt%PSF/DMAc/no additive 12wt%PSF/DMACc/PEG 1k

(b 1) macrov01d (X3000O)

(a) macrovoid (x30000) (c- 1) macrov01d (x30000)

(d-1) macrovoid (x30000)
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12wt%PSF/DMACc/PEG 8k

12wt%PSF/DMACc/PEG 100k

KV

(b-2) macrovoid (x30000)

t|Landing E| =—

(d-2) macrovoid (x30000)

] d-3) m

3

acrovoid (x30000)

B A-1 12wt%PSF/DMAC/PEG % $v2_ E A|34 F p 4 e

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/DMAc/no additive

12wt%PSF/DMACc/PEG 1k

37 P\

No'

(a) between macrovoids (x30000)

(b-1) between macrovoids (x30000)

(c-1) between macrovoids (x30000)
ol o o PR
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12wt%PSF/DMACc/PEG 8k 12wt%PSF/DMACc/PEG 100k

(b-2) between macrovoids (x30000) (b-3) between macrovoids (x30000)

~f§

S,

(c-2) between macrovoids (x30000) (c-3) between macrovoids (x30000)

ETI

(d-2) between macrovoids (x30000) (d-3) between macrovoids (x30000)

D

Bl A-2 12wt%PSF/DMAC/PEG i iz E 4|34 F B B HE

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/DMAc/no additive 12wt%PSF/DMAC/PEG 1k

HV

(a) lower (x30000)
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12wt%PSF/DMACc/PEG 8k 12wt%PSF/DMACc/PEG 100k

v

(b-2) lower (x30000) (b-3) lower (x30000)

v

(d-2) lower (x30000) (d-3) lower (x30000)

B A-3 12wt%PSF/DMAC/PEG i iz &7 Ak # 6 % e

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

(b-1) macrovoid (x30000)

ke\

(a) macrovoid (x30000)

172

doi:10.6342/NTU202300390



15wt%PSF/DMACc/PEG 8k

15wt%PSF/DMACc/PEG 100k

00 kV |E

(b-2) macrovoid (x30000)

/|ETD N

(b-3) macrovoid (x30000)

HY | d —_

00 kV |E Nova

(c-2) macrovoid (x30000)

(c-3) macrovoid (x30000)

00 kV |E Nova

(d-2) macrovoid (x30000)

B A-4 15wt%PSF/DMAC/PEG & ¥t2_ E 3|3 JF p % e

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

(a) between macrovoids (x30000) (c-1) between macrovoids (x30000)
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15wt%PSF/DMACc/PEG 8k 15wt%PSF/DMACc/PEG 100k

(c-3) between

No! =

(d-2) between macrovoids (x30000) (d-3) betwe

en macrovoids (x30000)

Bl A-5 15wt%PSF/DMAC/PEG i iz E 4|34 F B B HE

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/DMAc/mo additive 15wt%PSF/DMAC/PEG 1k

(b-1) lower (x30000

ge

(a) lower (x30000) (c-1) lower (x30000

5.00 kV |ETD

(d-1) lower (x30000
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15wt%PSF/DMACc/PEG 8k 15wt%PSF/DMACc/PEG 100k

(b-2) lower (x30000) (b-3) lower (x30000)

(c-2) lower (x30000)

(d-2) lower (x30000)

B A-6 15wt%PSF/DMAC/PEG i 2 #&iT Ak # 6 % ’f]& °
PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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A-2. PSF/2P/PEG % $Le0E 334 ~ AW

12wt%PSF/2P/no additive 12wt%PSF/2P/PEG 1k

(a) macrovoid (x30000) (c-1) macrovoid (x30000)
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12wt%PSF/2P/PEG 8k 12wt%PSF/2P/PEG 100k

:th 5.5

(b-3) macrovoid (x30000)

-

No macrovoid.

mir

(d-2) macrovoid (x30000)

B A-7 12wt%PSF/2P/PEG /s stz E 4|34k p 3 e

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/2P/no additive 12wt%PSF/2P/PEG 1k

(a) between macrovoids (x30000) (c-1) between macrovoids (x30000)

(d-1) between macrovoids (x30000)
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12wt%PSF/2P/PEG 8k 12wt%PSF/2P/PEG 100k

t Landing E| =—
V Nova

5:01

(d-2) between macrovoids (x30000) (d-3) be

2:40:1 0

tween macrovoids (x30000)

Bl A-8 12wt%PSF/2P/PEG i iz E Al3% F B B HE -

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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12wt%PSF/2P/no additive

12wt%PSF/2P/PEG 1k

(b-1) lower (x30000)

: ooty
(c-1) lower (x30000)

m | 3.0

(d-1) lower (x30000)
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12wt%PSF/2P/PEG 8k

12wt%PSF/2P/PEG 100k

ETD 7.9 mrr

(b-2) lower (x30000)

HY det WD |spot Lan
0KV | ETD 5.1 mm| 3.0

P

(c-3) lower (x30000)

B A-9 12wt%PSF/2P/PEG

FEIITTE SR

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive

ET|

15wt%PSF/2P/PEG 1k

®

ul

) m

(a) macrovoid (x30000)

(b-1) macrovoid (x30000)

e

e |
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15wt%PSF/2P/PEG 8k 15wt%PSF/2P/PEG 100k

v No'

(b-3) macrovoid (x30000

No macrovoid.

d —_—

ETI Nova

(c-2) macrovoid (x30000)

No macrovoid.

(d-2) macrovoid (x30000)

Bl A-10 15wt%PSF/2P/PEG i $v2. E A]3%iF P i ©

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive

(a) between macrovoids (x30000)

»

PM

15wt%PSF/2P/PEG 1k

N

(b-1) between ma

&)

7

A

crovoids (x30000)

3 3 4
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15wt%PSF/2P/PEG 8k 15wt%PSF/2P/PEG 100k

(c-2) between macrovoids (x30000) c-3) between macrovoids (x30000)

(d-2) between macrovoids (x30000) (d-3) between macrovoids (x30000)

Bl A-11 15wt%PSF/2P/PEG i $u2. B 3|3t JF B 5 14g

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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15wt%PSF/2P/no additive

15wt%PSF/2P/PEG 1k

m | ‘

x30000)

(d-1) lower (x30000)

- "’n""«‘
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15wt%PSF/2P/PEG 8k

(b-2) lower (x30000)

15wt%PSF/2P/PEG 100k

";\ 'é:\\ g !

A W

m |

(c-3) lower (x30000)

det ‘
ETD 49 mm|

(d-3) lower (x30000)

B A-12 15wt%PSF/2P/PEG % 4t

BT AK R B

PEG k& : (a)0wt% ~ (b)1wt% ~ (¢)3wt% ~ (d)5wt% o
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Hiék B &3 W 4

7

N PRI C
* /%"3‘}'] S SLETE

el

I

AN

Lidef] B-1 & B- &5 SEM BlefhsideT 4

HERAE AT RV R

B-3 -

% B-1 PSF/co-solvent/5Swt%PEG % ¥veE A|3b jF ~ }%%fi,,%f#%]i =5 o

PSF Conc. PEG M.W. | macrovoid between macrovoid lower
Wt%) (Da) (x30000) (x30000) (x30000)
no additive | B-1 B-2 B-3
1k B-7 B-8 B-9
12wt%
8k B-13 B-14 B-15
100k B-19 B-20 B-21
no additive | B-4 B-5 B-6
1k B-10 B-11 B-12
15wt%
8k B-16 B-17 B-18
100k B-22 B-23 B-24
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B-1. 12PSF/co-solvent % $LenE ]3¢ iF ~ AL W

12wt%PSF/co-solvent

(a) macrovoid (x30000) (b) macrovo1d (x30000)

et \
D 5.1 mrr

(c) macr0v01d (X30000) (d) macrovmd (x30000)

(e) macr0V01d (X30000)
®] B-1 12wt%PSF/co-solvent i stz E 413 iF P S

LAY 2P kR 1 (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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12wt%PSF/co-solvent

[ [—

Nova Nai

)

(a) between macrovoids (x30000) (b) between macrovoids (x30000)

TRy -

(c) between macrovoids (x30000) (d) between macrovoids (x30000)

o % L

13 nm | N

(e) between macrovoids (x30000)

1 B-2 12wt%PSF/co-solvent % 5.2 E 4|3 i 4 -

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o

192

doi:10.6342/NTU202300390



12wt%PSF/co-solvent

(a) lower (x30000) (b) lower (x30000)

(c) lower (x30000) (d) lower (x30000)

(e) lower (x30000)

B B-3 12wt%PSF/co-solvent i stz #&iT &K # 5 S o

EAA P 2P kA (a)0wt% ~ (b)25wWt% ~ (c)50wt% ~ (d)75wt% ~ (e)100wt% °
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B-2. 15PSF/co-solvent & $LeE 3|3 jF ~ A% W

15wt%PSF/co-solvent

(b) macrovoid (x30000)

.
ETD Nov.

(c) macrovoid (x30000) (d) macrovoid (x30000)

(e) macrovoid (x30000)
B] B-4 15wt%PSF/co-solvent ,& stz B |3\ | 4 1‘]& 0

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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15wt%PSF/co-solvent

ETD m |

(c) between macrovoids (x30000) (d) between macrovoids (x30000)
B3y v % PG

m | N

5.0 I | ) | € N

(e) between macrovoids (x30000)

[l B-5 15wt%PSF/co-solvent /& $.2 E 3|3t i [ 4. -

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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15wt%PSF/co-solvent

ETD 5

(b) lower (x30000)

(c) lower (x30000) (d) lower (x30000)

-
b Y

] B-6 15wt%PSF/co-solvent & 3tz it KA £ 5 % ﬁi °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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B-3.12PSF/co-solvent/SPEG 1k i $tiRE 3|3 F ~ RV F

12wt%PSF/co-solvent/5Swt%PEG 1k

/ det V t Landing E
00 keV No

(c) macrovoid (x30000) (d) macrovoid (x30000)

®] B-7 12wt%PSF/co-solvent/Swt%PEG 1k k stz B 3|34 F p i -

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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ETD 5.1 mrr 0 Nova

(e) between macrovoids (x30000)

30

(d) between macrovoids (x30000)

Nov.

B B-8 12wt%PSF/co-solvent/5Swt%PEG 1k , it

L2

2 F A3 B

£AFY 2P vk B (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5Swt%PEG 1k

(a) lower (x30000) (b) lower (x30000

(d) lower (x30000)

(e) lower (x30000)

® B-9 12wt%PSF/co-solvent/Swt%PEG 1k & stz #&3i7 K k& £ 6 % 1# 0

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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B-4.15PSF/co-solvent/SPEG 1k i $tiRE 3|3 F ~ R4 H

15wt%PSF/co-solvent/5Swt%PEG 1k

| v
30 ETD

(b) macrovoid (x30000)

(a) macrovoid (x30000)

ETD 5

(d) macrovoid (x30000)

B B-10 15wt%PSF/co-solvent/5wt%PEG 1k % svz_ B 3|3t p B

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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15wt%PSF/co-solvent/5Swt%PEG 1k

(a) between macrovoids (x30000) (b) between macrovoids (x30000)

(c) between macrovoids (x30000) (d) between macrovoids (x30000)

(e) between macrovoids (x30000)

B] B-11 15wt%PSF/co-solvent/5Swt%PEG 1k & 2. B 4|34 F ;H# °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 1k

(a) lower (x30000)

ﬁ%' ’&‘,,"‘

(e) lower (x30000)

] B-12 15wt%PSF/co-solvent/Swt%PEG 1k & stz  #iT &K & £ w é.:ﬂf# 0

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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B-5.12PSF/co-solvent/SPEG 8k i $tiiE 3|3 jF ~ RIVEHF

12wt%PSF/co-solvent/5wt%PEG 8k

(a) macrovoid (x30000) (b) macrovoid (x30000)

B] B-13 12wt%PSF/co-solvent/5wt%PEG 8k & stz B |3k p & o

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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12wt%PSF/co-solvent/5wt%PEG 8k

(a) between macrovoids (x30000) (b) between macrov01ds (x30000)

(d) between macr0V01ds (X3000O)

(e) between macr0V01ds (x30000)

B B-14 12wt%PSF/co-solvent/5wt%PEG 8k % svz_ E A3\ jF & ;H# °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5wt%PEG 8k

det WD L
D 5.4 m

(c) lower (x30000) (d) lower (x30000)

(e) lower (x30000)

R B-15 12wt%PSF/co-solvent/Swt%PEG 8k ) stz 1T K& £ & S

A 2P a9k B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
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B-6. 15PSF/co-solvent/SPEG 8k } SténE 334 F ~ RI%EHE W]

15wt%PSF/co-solvent/5wt%PEG 8k

(a) macr0V01d (x30000) (b) macrovo1d (x30000)

t Lan mu E

(c) macr0v01d (x30000) (d) macrovmd (X3OOOO)

(e) macr0V01d (x30000)
B] B-16 15wt%PSF/co-solvent/5wt%PEG 8k & stz B |3tk p % o

LAY 2P kR ¢ (2)0Wt% ~ (b)25Wt% ~ (C)SOWt% ~ (d)75Wt% ~ (€)100Wt% °
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(c) between macrovoids (x30000) (d) between macrovoids (x30000)

6 P D m

(e) between macrovoids (x30000)

B] B-17 15wt%PSF/co-solvent/5wt%PEG 8k & stz B |3tk & ;H# °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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PN,

15wt%PSF/co-solvent/5wt%PEG 8k

| et | WD |s
x| ETD 52mm| 2

(c) lower (x30000) (d) lower (x30000)

2mm <

(e) lower (x30000

] B-18 15wt%PSF/co-solvent/Swt%PEG 8k i stz #iT K & £ w ;H# o

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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B-7. 12PSF/co-solvent/SPEG 100k 4 SteRE 334 i ~ R0 W]

12wt%PSF/co-solvent/5Swt%PEG 100k

(a) macr0V01d (x30000) (b) macr0V01d (x30000)

(c) macrov01d (X30000) (d) macrovmd (x30000)

No macrovoid.

] B-19 12wt%PSF/co-solvent/5wt%PEG 100k & stz E ]34 p 4 o

AP 2P gk B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
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12wt%PSF/co-solvent/5Swt%PEG 100k

2:41 mir Nov:

(e) between macrovoids (x30000)

®] B-20 12wt%PSF/co-solvent/Swt%PEG 100k i $u2_ B 3]3%jF B 5 4g -

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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12wt%PSF/co-solvent/5Swt%PEG 100k

(c) lower (x30000) (d) lower (x30000)

(e) lower (x30000)

] B-21 12wt%PSF/co-solvent/Swt%PEG 100k , st2 337 K k& £ 6 % 1# o

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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B-8. 15PSF/co-solvent/SPEG 100k 4 5te0E 3|34 ~ RIREH T

15wt%PSF/co-solvent/5Swt%PEG 100k

(a) macr0V01d (x30000) (b) macrov01d (x30000)

No macrovoid.

(c) macrov01d (x30000)

No macrovoid.

[ B-22 15wt%PSF/co-solvent/5wt%PEG 100k & stz E ]34 p 4 o

AP 2P gk B 1 (2)0wt% ~ (D)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (€)100wt% o
212

doi:10.6342/NTU202300390



15wt%PSF/co-solvent/5Swt%PEG 100k

(e) between macrovoids (x30000)

B B-23 15wt%PSF/co-solvent/5wt%PEG 100k ,& %t2_ B |3t JF B ;H# °

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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15wt%PSF/co-solvent/5Swt%PEG 100k
QA R

x| ETI mm| 2.

(c) lower (x30000) (d) lower (x30000)

ETD

9 mm |

(e) lower (x30000)

] B-24 15wt%PSF/co-solvent/Swt%PEG 100k & st2 337 &K k& £ 6 % e

£AFY 2P kB (2)0wt% ~ (b)25wt% ~ (¢)50wt% ~ (d)75wt% ~ (e)100wt% o
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ik C i 4ok $ R il i ol B

- Permeability == Lysozyme total retention —@=— Lysozyme surface retention

(a) 3500
- 100
3000
S 2500 =X
g =
E g
3 2000 H g
]
z ”
= 1500 4
2 3
3 S
= 2
1000
& —
500 -
0
0 0.5 1 3
Water concentration in 12PSF/DMAc system.
3500
(b) | L - 100
3000
. - 80~
S 2500 X
= =t
§ g
5 2000 - 60 5
> &
= 1500 =
E -40 &
2 o
= 2
1000
2 —
- 20
500
0- L0

0 0.5 |

Water concentration in 12PSF/2P system.

B C-1 % (a)l2wt%PSF/DMAc/water ~ (b)12 wt%PSF/2P/water % sv® » -k ek

B 813K % 8 5~ Lysozyme £ F 5 B T2 [F] o
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