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Abstract : In order to interpret the formation mechanism of asymmetric polysulfone ultrafil-
tration membranes from equilibrium thermodynamics and kinetics points of view, we changed
the power of the precipitant by adjusting the solvent content in precipitant (v.) and investigated
its effect on the binodal curve and precipitation path, and hence, on membrane performance,
Experimental cloud point (binodal) curves were found to shift toward the polymer- precipitant
axis in a ternary phase diagram with v, We also calculated the ratio of precipitant in-
flow and solvent out-flow, dJ,/ J,, for the prediction of precipitation path, where the ratio
increased with increasing v, and was unaffected by increasing polymer content in casting
solution( ¢ ). As the value of v, became higher, the skin layer of membrane formed became
more porous, yielding the decreasing rejection efficiency. However, pure water flux decreased
with increasing v, because of the formation of dense supporting layer, as evidenced by
the morphological observations using the SEM.
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Table 1. Composition of Dextran Feed

Average Total %,
MW Dextran(w / v)
9000 15

35600 2
73400 15
483000 20

2000000 30

*The total concentration of dextran was lg /1.

Polymer(Korea) Vol. 13, No. 6, July 1989



Hth A Polysulfone 9} zlotol 3437

1., p-bondagel E-linear column 27§& #
GPCz Fil gd3e] Fx zold ZHHsAu
7% d4e ZHoz Faa 40000] PVPE
FlukaAtoll A -#9] A}8-gic), &vl = DMF$} dimethyl
(DMAC)E GRozZ Alg3lon
AAAE THT 2 Bvlel ZH5 E3E
AbgRYh g7l w25, FEA &x 20T,
HEE 60%, HAE 575 340m=z 23
th. Cloud point &7, thale ¥ Fut w4 54,
A& A3 5 olde man sAusA Y

&t ok

acetamide

IAE 2oHo| =

Lol 7} DMFQ]! 7] A8 &l st 11, 13,
15wt% 2 WMstAlA A =gk whe] pure water flux,
porosity 2 vHF7& Table 20 Lehict.
o] Ry BAL awfske] i, Amicon*}Ql
PSf 3 Fholadypure] 4=izwked olo] 10-30(m*/
day m? atm)o]al eIyt el &hejojvpubo] 423w}
Hism ook fapstrie v d el i 13w, )
erovb skeloatell FHAaEulan shykete] o] §.o)
= 13wt?, 2 a1t

Binodal =412} H#H35}

gof o} Fipsee

=i Earwol A dA <

2ol £l 7}
Ak IS (v) o]l F 7SS binodal -
AL A} 7‘”“4] Fox olg3hg Fig. 1o b
At w7k 098] A WAL vk 0.091 F A sy

Sl DMFske] 432t go] okahar(n] &u- 4

Table 2. Effect of the Polymer Concentration on

Membrane Performance

Concentration Pure Water Flux Poro-  Thick-
of PSf at 1kg/ cm’ sity ness
(wt%) (ml / em®sec) (%) (pm)

11 1.567 E-1 78.0 105
13 2646 E-2 80.7 160
15 4656 E-4 80.3 135
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(
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Fig. 1. Effect of the precipitant on the binodal curves
in a ternary phase diagram of PSf/ DMF / (water
+DMF) system.
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Fig. 2. The ratio -Am/ Aw, as a function of DMF
content in precipitation bath,
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Fig. 3. The ratio - Az / A as a function of polymer
content in cast polymer solution,

Table 3. Interaction Parameters

PSf/ DMF / Water

8 0.4

sys,l* < 3.7

g (1L340.04u,+0.8u," — 1,20, +0.320,°
Cellulose Acetate / Dioxan / Water
- 0.099+1.151 ¢, —0.309 ¢ i
sys. ¥ i3 1.4

o7 0.946 — 1.15u,+ 1.383u,”

*Reference 2(.

** Reference 19,
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Fig. 5. SEM micrographs of PSF(13wt%)/ DMF membranes prepared with water and (water +DMF).
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Fig. 6. SEM micrographs of PSf(13wt?%) / PVP112wt ) / DMAc¢ membranes prepared with water and

(DMAc+Hwater). | cross-section |,
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V,=0.9( X600)

Fig. 6. Continued [surface .

Table 4. Effect of the Precipitant on the Membrane
Performance

PSf/DMF 13wt?, system | PSf /DMAC 13wt ?, system

vy PWEF* v PWF*

0.9 impermeable 0.9 impermeable

0.8 1.623E-3 0.8 1.200E -4

0.7 1.743E-3 0.6 2.898E -4

0.5 2250E-3 0.5 1.139E-4

0.3 5.970E-3 0.2 4.925E-3

0.1 1.622E-2 0.1 8.574E-3

0.0 2.646E-2 0.0 1.045E-2

*Pure water flux at 1 kg / em*(ml/ cm’sec).
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Fig. 7. Rejection curves for PSf(13wt?,)/ DMF /

(water +DMF) membranes.
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Fig. 8. Rejection curves for PSf(13wt?,) / DMAC /
(water + DMAC) membranes.
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Fig. 9. Rejection curves for PS{(13wt?)PVP(12-
wt?,) / DMAC / (water +DMAC') membranes,
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