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Transport of Organic Acids through
Porous Sulfonated Polystyrene Divinylbenzene Copolymer Membranes
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Abstract

Sulfonated polystyrene-divinylbenzene(PS-DVB) copolymer membranes were prepared using different diluents
(toluene, cyclohexane, cyclohexanol), various diluent ratio and DVB contents. And initial fluxes of organic
acids were investigated by varying pH and initial concentration. As a results, water content and ion-exchange
capacity decreased with increasing DVB concetration. Among used diluents, cyclohexanol was the most efficient
for building up the highest water .content and ion-exchange capacity. In the experiment of permeation, carboxylic
acid such as formic acid and acetic acid showed higher fluxes when pH was lower than pKa and amino acid
such as L-alanine showed minimum flux when pH was isoelectric value. The relationaship between initial fluxes
and initial concentrations has been expressed by saturation kinetics.
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Table 1. Solubility parameters for solvent and poly-

mer.
Compound 82 3pP
Cyclohexane 8.2 -
Cyclohexanol 11.4 -
Toluene 8.9 -
Polystyrene -- 9.1
Poly(styrene-co-divinylbenzene) 9.1

asolubility parameter for solvent [(cal/cni)¥2)
bsolubility parameter for polymer[ (cal/cni)2)
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Fig. 1. Experimental Apparatus for Ion Transport
1. pH Meter Cell
2. Thermometer
3. Capillary Tube

4. Magnetic Bar
5. Membrane
6. Silicone Rubber
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Table 2. Organic acids for permeation tests.

Name Structure Moleculer ~ Pka
Weight (25¢C)

Formic acid HCOOH 46 3.75

Acetic acid CHs-COOH 60 4.76

L-alanine CH;CH(NHp)COOH  89.1  2.34(9.69)
* Isoelectric pH of L-alanine - 6.01
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Fig. 2. Effect of diluent ratio on swelling ratio of
PS-DVB copolymer membrane immersed in
nitrobenzene at 25C.
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Table 3. Phase separation time for styrene-DVB-di-
luent solutions during polymerization.

Diluent Phase separation time
(h)

Toluene 34 (unclear)

Cyclohexane 18

Cyclohexanol 5 (clear)
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Fig. 3. SEM photograph of the surface region of
the membrane (Amount of DVB=20 wr%,
Diluent= Cyclohexane, DR=0.75).
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Fig. 4. SEM photograph of the surface region of
the membrane (Amount of DVB=20 wt%,
Diluent= Cyclohexane, DR=0.75).
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Fig. 5. Effect of diluent ratio on water content
(Amount of DVB=20 wt. %)

Table 4. Effect of degree of crosslinking of ion-exchange
properties (Diluent ratio=0.25).

Amount Water Ay
.[ofDVB| Diluent | content | Az | (meq/g
(wt. %) (gH:0/9)|(meq/g)| H;0)

g

Toluene 0.370 | 2.457 | 6.640
10 |Cyclohexane | 0.347 | 2.198 | 6.334
Cyclohexanol | 0.390 | 2.542 | 6.519

Toluene 0.203 | 1.726 | 8.502
Cyclohexane | 0.163 | 1.262 | 7.742
Cyclohexanol | 0.231 | 1.892 | 8.19%0

Toluene 0.179 | 1.428 | 7.978
30 ([Cyclohexane | 0.147 | 1.033 | 7.027
Cyclohexanol | 0.206 | 1.587 | 7.704

W 00 I 1 | N

10 Toluene 0.164 1.229 | 7.4M4
11| 40 |[Cyclohexane | 0.138 | 0.872 | 6.319
12 Cyclohexanol | 0.194 | 1.336 | 6.887
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Fig. 6. Effect of diluent ratio on ion exchange capa-
city(Amount of DVB=20 wt. %)
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Fig. 7. Water content vs. ion exchange capacity cu-
rves for sulfonated PS-DVB copolymer me-
mbrane with varying amount of DVB and
diluent (DR=0.25).
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Fig- 8. Water content vs. ion exchange capacity cu-
rves for sulfonated PS-DVB copolymer me-
mbrane with varying diluent and diluent ra-
tio (Amount of DVB=20 wt. %).
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Table 5. Tensile strength (Diluent ratio=0.25)

Amount of Diluent Tensile
DVB(wt. %) strength(kg/mm?)

Toluene 4.61
10 Cyclohexane 4.9
Cyclohexanol 4.5
Toluene 5.0
20 Cyclohexane 5.3
Cyclohexanol 5.3

a-7. 27T WEO| T OF 54

E dpoMEe Fod & 238rg AR U F=
agelA Nztol 0 Ul 71EVIZFH 271EY
28 Pl vRdEot. oy HaAFHA o3
234 Y= a2 + bt T8 F AF b(=dy/dT | ¢
=B ZVEH2E FH34h

X B, oM EM, L-gEhde pHE &7 1.0,
2.0, 4.52 1AL 27 FEE WIHANHAE |
78 27] 2928 129 99 B3k A7EA
§715e] AL BT 2% Tt A EE 29
Z7bgol AL YIRS, ©lF Michaelis
Menten®9) X3} £x208 A8 98t Li-
neweaver-burk plotd+ Z3%E 13 1091 JEHAU
. AN T XIS, Ko HAHEHZS,
Vs X 60 A

Table 6. Kinetic parameters for Michaelis Menten

equation
Source solution pH Km Vinax
(moV/L) (mol/ci - 5)
Formic acid 1.0 1.57 2.62X1078
Acetic acid 2.0 0.40 8.89X1077
L-alanine 4.5 1.32 2.31X1077

Membrane J. Vol. 1. No. 1., 1991
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Fig. 9. Concentration effect of initial flux of organic
acids.
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Fig. 10. Lineweaver-Burk plot for organic acids.

dugel A1d A3, 1991

Initial flux X 10° (mol/cm?-s)

z94¢

4—8. pH &0 it o|F 54

EE F73ED distd A9 deds, pKag
a8lg pHE YA A4¥e FYP3idc. AP s
AHEE e B4 EEAHpKa = 3.75) 7, o}
MEAHpKa = 4.76)2 pH7} pKaBth 22 ¥ 94
M pH7t W &5 E 27|EYH2N FAgS S

At

2.0
A Formic Acid (2 mol/L)
A acetic Acid (2 mol/L)
W L-alanine (1mol/L)
1.5
1.0 F
0.5 |
0.0 1 L !/n'
0 2 4 8 8 10
o
Fig. 11. pH effect of initial flux of organic acids.
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NOMENCLATURE

Ar ' ion-exchange capacity [meq/g dry resin]

Aw : fixed-ion concentration [meq/g H,0]

Aw . concentration difference [mol/L]

DR : diluent ratio [y

K; : resistance of membrane without concentration

gradient

Ka  resistance of membrane with concentration
gradient

: saturation constant [mol/L]

- resistance of membrane

: permeability [em/s]

[S] : initial concentration [mol/L]

’Ul“‘?{

Viax - maximum flux [mol/cnf -« s]
Vo : initial flux of acid [mol/cii - s]
W water content [g HyO/g dry resin]

Greek Letters

o . degree of dissociation

B : solubility parmeter [(cal/ent)¥2]

Bs: solubility parmeter for solvent [(cal/cni)/2]
Bp: solubility parmeter for polymer [(cal/cif) V2]
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