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2 o ulguel B M7l = gvle] gl o8 polysulfone (PSF) &9 HFo] Sa= o] 1L
Aeto g AFHAD. gule) Fuz PAH e nER FE Frbd mE fElsldl oa 1A
sEglon, vl 2o Hvlo) os) AxE 2o gABEe] uA s P AA-HH FE
2l B3¢ Ttk el o8] ¥AE polymer-rich 47 polymer-lean & A7} #2l
s oell AAE drix] AAsigeh. &8, BA-AR ARer @ fAYELS IA=Z FAH]
A Azt AR SEE £ gk PSF 29 (18 w/v%)dl F71E9] cerium activated yt-
trium silicate (CAYS)7} H7l=lo] Astell e of, &0 F2& 39 Rz 48 TN e
CAYSEo| PSFo| ol &) Aojzlot, 93-A4x) JielE 53 aAste HelAde CAYS &
Eo| PSF 72258 A2|5o] polymer-lean ol HA3}%ict.

ABSTRACT: Polysulfone (PSF) membranes were prepared by coagulating a PSF solution film
with or without addition of water. When a solution film was solidified by evaporation of sol-
vent, polymer molecules in the film were precipitated by vitrification. With addition of water,
the cast solution was demixed by the liquid-liquid phase separation due to the nucleation of
polymer-lean phase. The growth of the separated two phases continued until the polymer-
rich phase vitrified. The polymer-rich phase could be demixed again before precipitation.
Solid membranes for measuring the nucleotides were prepared from a casting solution includ-
ing CAYS, an inorganic fluor. In the membrane solidified via vitrification by the solvent evap-
oration, CAYS particles were dispersed in the solidified polymer matrix. On the contrary,
when the solidification process involved the liquid-liquid phase separation due to the nuclea-
tion of the polymer-lean phase, CAYS were separated from the polymer matrix and retained
in the polymer-lean phase.
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Figure 1. Glass transition temperature calculated by
Keely and Buche equation; NMP () and DMF (A),

Ty= Ry Ty + $Ty/Réy + ¢ (2)
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Figure 2. Cross section of the membrane prepared by
solvent evaporation of a 18 w/v% PSF-DMF solution.

PS Nonsolvent Solvent

S @ water DMF
> water NMP

T T i
30 45 60

Solvent Nonsolvent

Figure 3. Cloud point data for PSF-solvent-water
system.

Aot AL, g 2 Hjgolg o) Fojz Al 59
He 0|43 AEI L Fig. 39 Radu. DMF-
PSFo g o|Fojx ¥zt §ML 1-29%9] u|Lu]
()8 A7 of A -4H ] dado] et
t}. olel] Hl3], NMP-PSFe] 7#d3 &ae 6-7%9)
2ol Hrisolol vl Az W] 2e By
o $e] A=, & vguz A}%o}al FAAF
o, PSF-DMF fdomRnE Aukg FPEol
PSF-NMP& Atgsled Aote gEun “%al

AN

mlo

ps 37
g+ 91%% olul gt 21 C} 85% ) AHES
FASe Fedwrd 15w/i% §UoeRE A4
e Bgol ¥ohe W, PSF-NMPe Mg 15
¥ 77 ¥ 4% @] Urhis], PSF-DMFe|

413



ok
2
2

Aol

& 18 oo FaisiA BFEEA =Huo
35t AN dRe A4S Ee oA
2 ¥gd "go| YA Fig 49 BHAATh 1A 5
o 29 Autd] AA cell 22 Felo Tt} XY
3 (dense) FE|9] R} T2V} DA W E= o
o1t} Cell Fejo] ¥l F71-e A -4 ez A4
d| A nucleatedt polymer-lean 99& W E34, 12
2} A& polymer-rich F8& vehdr). o]9}
DEA gdo g1mst HA4E A9y JHY
o] &-3ld A3 &} gt Fig. 5o 2
£ vle} o], PSFe} DMF= o] Foid 1=}
Aatg-o (A)o] ulguje] Hrt glo] Buirt FLE
o] A s 3¢ o]d¥ £ (binary solution)&
ozl #2l3 5= (H B =EHUE ° /st
Al Aok o]z S kil R ule} o (Fig.
2) A 2 o #dE AR 2
B 5oz o8 FHEE 4AE fAEC 1Y,
v g7 A3l =5 AviEe ZE e Aol
dogdez vEddE Yele= &4 (binodal
line)oll <33t8& W #¢¥ YA = polymer-rich
43} polymer-lean el T 7}4] Aol vt F2E
FAsln BEFYd FRE HolA o (H C). 9
o, % A Aleld] &Ajsle FHA S (refractive
index) 9] jolel & Wel AL 2 o= F
H3 FEo| TEX e HFHE HIAHE Aoz #
2 U

H)-gul o] 7l ol A -HA AdEe)rt dofut
A =4, Eel=olR polymer-rich @93} poly-
mer-lean 99-& polymer-rich g¥o] &2 3o 9
3 nAE qrx) AFgstA "o &, o3

?
= A2 polymer-rich Ao 9= mER] F%r}

2 o Ao

482 rle

g2l (2 Dyel =28 WX 4%e A% @
Aolth. 42l ¥ felairiAe) 47 B3l 29
4 FPA 7L fAS AT, AFH TR Ao
e nEAel fesd o8 Y48 nEAel
networks} o1& Alelo] ¥4 T2 Yo Frte
2 olFeix7] Arh ol@ FEL 27 AA-o

]_
A 27 dolwtE o polymer-lean FE-& i
A "ok
qhd, HA -} Rt dod &
polymer-rich “go] §-28]8}3}7] dol €988 H

414

62285 15KY Xib. 0K

(b)

62213 15KY 4306

(c)

Figure 4. SEM photographs of the membrane coagu-
lated by the vitrification of the polymer-rich phase
after the liquid-liquid phase separation; cross section
(a), cross section of the skin region (b), and top surface
(c) (18 w/v% SPF solution in DMF).
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Figure 5. Schematic diagram for the vitrification via
solvent evaporation (A-B), the vitrification of the poly-
mer-rich phase after the liquid-liquid phase separa-
tion (A-C-D).
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Figure 7. Cross section (a), magnified cross section
(b), and top surface (c) of the membrane coagulated by
the vitrification in an oven. The membrane was pre-
pared from the 18w/v% solution with cerium-
activated yttrium silicate.
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Figure 8. Cross section (a), magnified cross section
(b), and top surface (c) of the membrane coagulated
including the liquid-liquid phase separation. The mem-
brane was prepared from the 18 w/v% solution with
cerium-activated yttrium silicate.
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Figure 9. Cross section (a) and top surface (b) of the
membrane prepared from the 10 w/v% solution.
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Table 1. Weights (unit:g) of the Membrane

Disks (2.38 cm dia.)

PS sol. vl coagualting conditions
soln. w/v%

oven® incubator®
10 0.04%0.01 0.011+0.02
18 0.05+0.01 0.05%0.01

? Coagulation via the vitrification.
b Coagulation including the liquid-liquid phase separation.
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