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Abstract @ The effect of addition of inorganic salts in polyethersulfone (PES) polymer solution on the
membrane formation and ultafiltartion performance was studied through the thermodynamic and kinetic
properties of casting solution. To control the thermodynamic and kinetic properties of casting solution,
various inorganic salts [CaCly, LiCl, LiClOs, ZnCly and Mg(ClO4);] were added in the PES/NMP solution.
Variation of membrane morphology and performance of the resulting membranes with change of the salt
type and content added in casting solution were discussed using viscosity, coagulation value, light
transmittance measurement, overall membrane porosity, ultrafiltration experiment and cross-sectional SEM
image. For all kind of inorganic salts, according as increase of the salt content in casting solution,
viscosity is increased, coagulation value becomes lower, top layer thickness below the skin surface is
increased, bovine serum albumin(BSA) rejection decreased and pure water flux is increased except CaCl,
and LiCl. In case of CaCly and LiCl, it is found that when the salt content is increased, the formation of
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macrovoids is suppressed and the precipitation rate becomes slow while instantaneous demixing of

precipitation type is maintained. However, in case of LiClO4 and Mg(ClO4), it is found that precipitation

rate becomes faster.

Keywords = membrane formation, phase inversion, polyethersulfone, UF membrane, inorganic salt
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Fig. 1. System setup for light transmittance measurement.
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Fig. 2. System setup for dead-end type membrane filtration equipment.
Table 1. Composition of PES/NMP/Salt Casting Solutions
Inorganic Salt CaCly LiCl LiClO4 Mg(ClOq), ZnCl,
1/4 1/6 1/6 1/30 1/4
Salt to PES Ratio* 173 1/5 1/5 1/12 1/3
(g salt/g PES) 12 1/4 1/4 1/6 12
1/1 1/3 1/3 1/5 171
*Based on 14.5 wt.% PES in PES/NMP solution
A A(u]=, Brookfield Engineering Labs., Model fAS FElF 9o BE Z Gardner knifeS AME-3}
DV-IHE A&ate] =Astdch o FAF FA(120 ym)E ANAEET, SA 25T
Coagulation valuezte §ol= Af9 2-F2 &4 (g FAAA =& FYAHAT ol A
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1 &5 50:509 FFHE ERAZ BAE 25TAA
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PWF(pure water flux; Im® -« hr) =
Where,

QN4 X AD
Q : permeate volume of pure water (/)

@

A : effective membrane area (mz)
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BSA HAISE ¥% 1 gl9 BSA £ wR g
SY9AA ¥ 3 amoX FAIRZ FHY F9 BSA
Astm, 1 ol LAMAE Al-AAMY G
ElFe) BSA w52 3ok oY =g
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SR(solute rejection; %)= [1—( g['; )]XIOO (3)

where, C, : BSA concentration in feed (g//)
C, : BSA concentration in permeate (g/l)
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At : time difference (hr) TE 2335l o|E Table 2o YeERAATE o] A
PESNMP &lo] r]de H7AW A7l Fa
Table 2. Viscosity of PES/NMP/Salt Casting Solutions
No Salt CaCly LiCl LiCIO, Mg(C104), 7nCls
Viscosity | g salt/ | Viscosity | g salt/ | Viscosity | g salt/ | Viscosity | g salt/ | Viscosity | g salt/ | Viscosity
(P) | gPES | (P) | gPES | (cP) | gPES | (P) | gPES | (P) | gPES | (cP)
1/4 455 1/6 542 1/6 321 1/30 316 1/4 362
283 1/3 578 1/5 645 1/5 374 1/12 345 1/3 391
172 875 1/4 789 1/4 381 1/6 530 12 503
1/1 1,125 173 1,185 173 429 1/5 544 171 610
Membrane J. Vol. 12, No. 2, 2002
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Table 3. Overall Porosity of the Resulting Ultrafiltration Membranes

No Salt CaCl, LiCl LiClO4 Mg(ClOy4)> ZnCl,
. g salt/ g salt/ g salt/ g salt/ g salt/
OP (%) OP(%) OP(%) OP(%) OP(%) OP(%)
g PES g PES g PES g PES g PES
1/4 81.14 1/6 80.43 1/6 81.17 1/30 80.47 1/4 81.50
80.47 173 80.20 1/5 80.03 1/5 83.82 1/12 82.11 173 78.94
1/2 80.75 1/4 81.38 1/4 83.05 1/6 81.10 1/2 81.20
1/1 85.13 1/3 83.69 1/3 82.11 1/5 83.21 1/1 82.97
*OP : overall porosity
Aol H=rt A Sulie} wigH o] wFdEEr} = 7} F8|7} Z71e] wel BSA wiAEE 72ash
A7) qELE 25T ¥ 1 A H ofT AA PWFE CaCLE F7HAZ Aol o] A=A &
7AA B3 FEEA £ Ak & del (132 Lm’ i wsg FEeeH
T3 Fig 4o vEbd FEAE W3l 4 HeEE LiICIE AH7HAZ 7 f-ole 243tk Table 29} Fig.
By TE ASo 3] AAHog= £7hEae 3 39 yebd HE L coagulation value =472 i}ofjA]
FEAE vYehliglen, ok ASde 4Hg AAFr HH, o] F 7HA #71Ee bE A 7HA 2719
e #AEHA Fodrh ole WEMA Ee] 3 Hlg) de| Ayt FFH FUMESE At v A
o] A3 NMPE ZHHER L&A §ulE AHE-3) Al F7tst, B3 coagulation value' ZA FASHY
Fe W I wHEert Ay, w3 993hy o do9stdo g HotAE wEA A = coagulation
o2 BoEE My & Uy IAIFHL ¢ value7} W2 AYLE BT} thydo] & o] P4H
EeEE Mulder(13)e] 249 & AXFct A e gut o] €[12]9] w=w CaCh9} LiCl 92 H7}
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Fig. 9. Cross-sectional SEM views of the LiCIO; added membranes. (a) 1 g LiClO«/6 g PES, (b) 1 g LiClOJS ¢
PES, (¢) 1 g LiClO«#/4 g PES, (d) 1 g LiClO4/3 g PES.
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Fig. 10. Cross-sectional SEM views of the Mg(ClOs). added membranes. (a) 1 g Mg(ClO4)/30 g PES, (b) 1 g
Mg(Cl04)2/12 g PES, (¢) 1g Mg(ClO.)2/6 g PES, (d) 1 g Mg(ClO:)2/5 g PES.
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Fig. 11. Cross-sectional SEM views of the ZnCl, added membranes. (a) 1 g ZnCl/4g PES, (b) 1 g ZnCL/3 g PES,

(¢) 1 g ZnChL/2 g PES, (d) 1g ZnCly/1 g PES.
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