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Q ok AAEH (Phase Inversion Process)g ©]4#8} o polysulfone(PS) &0 2 Hejuto] AZ= <9} PSs}
n-methylpyrrolidone(NMP)2 o]Fo{zl A|u}-2 ol (casting solution)ol| B]4-e]al propionic acid(PA)7} 7 e A%,
Fzd 44 452 % NMPatS 82 Al83slo 329 Adct v]gu] &2 =7} ZA15ch P& uv]go)
§ £EZ5H isopropanolZ DA 3lein o] SA42 WA it ol2dt A4S PAY AHvlol o A Lohe gy
4-A7F 2 Fasted 7jegitt 3wt% PS 4o 2RE QA4S PS 2ue slaFauH e o]fete] EAEYL o
2e ZAB 35 (capillary condensation) gjo] ZAgE Hoejfch NMPE 4viZ PS9 %7} 15wt% el F2 Soo
28E gAdd Eente] rtagd 3 FHE A4S o5 2. Isopropanolell AA[He] HAE ute] A4 ofF He o
o Aartert FREdeH, ZAR &5 dode Belile] A9 EAEA wskeh old vlEl, BE HAste Axg ¥
2ol M Aaztae) Faeo] Felgd F71at ). 7ha FAYY F0be o FAHH ZAR £ g 7[alsin,
welute] FaEAe ol (ultrafiltration) de] JAgc}. Lojo] PA7L Frlslo] Zulgl A Loio 2HE A
7o ¥, FA&YGsopropanol Ee F)oll BAGe], haFHEMNE F4 ZAHAE o Henry's law 94
Langmuir o] F8lgt F7be #alstr] ofgich o]l wl#, supernoduleE 9] Abojol FA=E ZAFN &5 ddL Fig
sHAl F7hElgl o, olo wlHisle o FAEr A3 Frlslee

Abstract: Polysulfone(PS) membranes were prepared from homogeneous PS solutions by the phase inversion tech-
nique. When propionic acid(PA) was added into a casting solution of n-methylpyrrolidone(NMP) and PS, precipitation
rate of the solution film was accelerated. This kind of acceleration was consistent, even though a precipitating
nonsolvent was changed from water to isopropanol. These phenomena were caused by decrease of nonsolvent tolerance
in the casting solution due to addition of PA. PS powder was prepared by precipitation of a 3wt% solution in
dimethylformamide(DMF') using ethanol as nonsolvent. Gas adsorption analysis of the powder showed that the capillary
condensation sites were found in the powder structure. Membranes prepared from PS solution(15wt% ) in NMP had the
following characteristics of gas adsorption and water permeation. In gas adsorption analysis, the membrane precipitated
using 1sopropanol showed low uptake of nitrogen gas and the capillary condensation sites were not found. On the con-
trary, a significant amount of the capillary condensation sites was found in the membrane coagulated by water, which
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was related to increase of nitrogen uptake. In the membrane prepared from the solution including PA, an increase of the
Henry’s law sites and the Langmuir sites was not found clearly. However, the capillary condensation sites were signifi-

cantly increased, and the water transport also increased.
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Table 1. Effect of Thermal Annealing on Surface
Area and Pore Volume of Polysulfone

Powder
PS d BET surface Pore volume
powder area m‘/g (em?/g) X 10°
unannealed 36.5 45
annealed 27.5 39
(48 hrs at 165TC)
annealed 1.8 6
(30 min. at 192C)
3. &1 g 1F
PS £o F2F 54 A DAL o) Foigch
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1A e E e o ikl FEAEE o
gGA FolEch(Fig. 19 C). Fig. 19 S+ $2F%
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Fig. 1. Nitrogen adsorption isotherms at 77K for PS

powder precipitated from 3wt% solution by
ethanol as nonsolvent: no annealing (A), 48
hour annealing at 165°C (B), 30 minute an-
nealing at 192°C (C).
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Fig. 2. Cloud point data for PS-solvent(solvent mix-

ture)-nonsolvent system. As a solvent mix-
ture, NMP:PA =70:30.
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(b)

872385 15KV

Fig. 3. Cross sections of PS membranes prepared by immersion into a water bath (a) and an isepropanol bath
(b) of a 15wt% PS -NMP solution, and into a water bath (¢} and an isopropanol bath (d) of a 15wt%
PS-NMP + PA (NMP:PA=70:30) solution.
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Table 2. Mutual Diffusivity of Solvents and Nonsolvents

Components in Solvents(S) Components in Nonsolvents(N) Dy_sx 10¢(cm?/sec) Dy X 10%(cm?/sec) Dy X 10%(cm?/sec)

NMP isopropanol

NMP water
PA isopropanol
PA water

9.9 5.7 7.8
10.4 10.1 10.3
6.0 13.8 9.9
10.8 14.6 12.7

a. calculated at 25°C by the Wilke-Chang equation [15].

b. association factor : 2.26 for water worked as a solvent medium and 1.1 for other cases.

¢. Dy : average mutual diffusivity.
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Table 3. Performance, BET Surface Area and Pore Volume of PS Membranes

Solvents in Precipitation permeate flux surface area pore volume 2<r<10nm
Casting Soln. Nonsolvent(N) (em/sec) x 10° (m¥/g) (om’/g) x 10°
NMP water 2.3 18.3 5.0
NMP-PA water 20.0 26.0 16.0
NMP 1sopropanol 0 4.0 0
(2.2x 10%m/sec)"
NMP-PA isopropanol 2.0 11.0 3.2

a. operating pressure . 2.76 x 10* KPa.
b. data by pervaporation at 30°C and 8 torr[10].

(a) (b)

Fig. 4. Top surfaces of PS membranes coagulated by immersion into a water bath (a) and by immersion into
an isopropanol bath (b). (Casting solution ; 15wt% PS in a solvent mixture of NMP:PA =70:30).
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(D)2 Frejdel 2 7h7tolodlA A2 243} v) Y TR B2HA B g RAd 2A 7o
3 FAFA(Fig 19 OF BojEr. F, zAZ Ao 2 vepdnh Cell 22 Heje Ix] &l A
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Fig. 5. Nitrogen adsorption isotherms at 77K for

the membranes prepared by precipitation
of ;a 15wt% PS-NMP-+PA solution by
water (A), a 15wt% PS-NMP solution by
water (B), and the 15wt% PS-NMP+PA
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