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Abstract: This study is undertaken to investigate the major factor which causes a fouling phenomenon in membrane
separation system and effect of hydrophilic treatment on fouling repression of hydrophobic polymer (polysulfone, PSf).
Chlorosulfonic acid (CSA) and sulfuric acid as a sulfonating agents are used to produce sulfonated PSf (SPSf). SPSf
membrane is prepared under several conditions to investigate it's separation process. The extent of fouling-repression is
measured by membrane filtration index (MFI) value. With increasing the ion exchange capacity (LE.C), the flux of
SPSf membrane is decreased but the rejection is increased and the flux is less reduced. According to the MF1 value, the
SPSf membrane has a fouling-retardant effect.
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Fig. 1. IR spectra of PSf and SPSf, a) PSf,
b) SPSf (H,SO,), and ¢) SPSf (CSA).
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Fig.2. 1. E. C. as a function of the CSA
concontration. 1) Reaction was carried out
at 2 C for 4 hrs.
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Fig. 3. 1. E. C. as functions of reaction temperature
and time.
1) Reaction was carried out with 0.035

mol of CSA concentration.
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Fig. 4. L. E. C. as a function of the sulfuric acid con-
centration. 1) Reaction was carried out at
25°C for 4 hrs.
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Fig. 5. Relation between the Tg and the ion ex-
change capacity of SPSf.
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Fig. 6. The contact angle of SPSf membrane as a
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Tabie 1. The Effect of lon Exchange Capacity on the Typical Water Flux and Solute Rejection of the Blend

Membrane of PSf and SPSf Treated with CSA"

Contents of LE.C* Flux® Rejection(% )
SPSf(wt%) (meq/g) ( ¢ /m*hr) i 10,000 20,000 35,000 50,000
0 0 162 <5 <5 <5 9%
25 0.20 135 <5 <5 <5 97
50 0.41 128 <5 <5 <5 98
75 0.61 21 54 83 95 98
100 0.81 3 95 97 97 99

1) Conditions ;

Solvent : NMP, polymer concentration : 20wt%, PVP content

1 50wt% against polymer wt, solvent evaporation

temp. : 25°C, solvent evaporation period : 30 sec, relative humidity : 65 %, and casting thickness : 200:n.

2) Ton exchange capacity of the blend membrane.
3) Applied operating pressure : 1 Kg/cm®
4) Feed solution concentration :

1,000 ppm PEG aqueous solution.

Table 2. The Effect of ion Exchange Capacity on the Typical Water Flux and Solute Rejection of Membrane of

SPSf Treated with Sulfuric Acid"

Conc. of LE.C. Flux
H.S0,(mcl) (meg/g) (¢ /m'hr)
0 0 ez

1.2 0.16 151

1.4 0.18 145

1.6 0.20 140

2.0 0.22 121

Rejectiz)n( %)

10600 20,000 35,000 50,000
s <5 <s T e
<5 <5 14 98
5 8 15 98
7 8 25 98
10 1 28 97

1) Experimental conditions are the same as shown in Table 1
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Table 3. Permeation Characteristics of SPSf Treated with CSA and PSf Blend Membrane with Different Con-
tents of PVP

LE C2 PVP content Flux Rejection(% )
(wt%) ( ¢ /mhr) 10,000 20,000 35,000 50,000
10 97 11 21 45 98
0.41 30 119 <5 11 25 97
50 128 <5 <5 <5 98

1) PVP content : wt% against polymer weight.
Other conditions are the same as shown in Table 1.

Table 4. Permeation Characteristics of SPSf Treated with Sulfuric Acid Membrane with Different Contents of

PVP
I.E.C. PVP Mixed solvent Flux Rejection( %)
(meq/g) content(wt%)  (DCM/NMP) ( ¢ /m*r) 10,000 20,000 35,000 50,000
) 10 103 13 20 45 98
30 0/80 108 10 12 29 98
50 121 10 11 28 97
10 91 17 30 53 96
30 5/75 99 16 29 38 96
5() 108 13 25 34 96

1) Experimental conditions are the same as shown in Table 1.

Table 5. The Effect of DCM/NMP Mixed Solvent System on the Permeation Characteristics of the Blend Mem-
brane of PSf and SPSf Treated with CSA

1LE C. ~ DCM/NMP Flux Rejection( %)
(meq/g) (wt. ratio) (¢ /m*he) 10,000 20,000 35,000 50,000
0/80 135 <5 <5 <5 97
0.20 5/75 132 6 6.9 14.4 96
10/70 92 8 9.2 81.6 98
o0/80 128 <5 <5 <5 e
0.41 5/75 123 8 17 28 97
10/70 78 10 50 87 98

1) Experimental conditions are the same as shown in Table 1.
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(d) (d")
Fig. 7. The microscopic photographs of the relative diffusion of water in PSf and SPSf solutions.
PSf : (a) 0 sec, (b) 5 sec, (¢) 20 sec, (d) 40 sec.
SPSf @ (a") 0 sec, (b") 5 sec, (¢’ ) 20 sec, (d") 40 sec.
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(c) (d)

Fig. 8. SEM photographs of PSf membrane and SPSf membrane, a) the cross-section of PSf, b) the top-layer
of PSI, ¢) the cross-section of SPSf, and d) the top-layer of SPSf.

Augel, A6 A1F, 1996
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Table 6. Effect of DCM/NMP Mixed Solvent System on the Permeation Characteristics of the SPSf Treated

with Sulfuric Acid Membrane

LE.C. DCM/NMP Flux Rejection(%)
(meg/g) (wt. ratio) ’ (¢ /m*hr) 10,000 Z0,000 351900 50,000
0/80 140 7 8 25 98
0.20 /8 '
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 5//75””””” 3 11 2 4 98
0.2 0/80 121 10 11 28 97
' 5/75 108 13 25 34 96
1) Experimental conditions are the same as shown in Table 1.
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Fig. 9. The J/J, vs. t plotting of SPSf blend mem-
brane prepared with CSA, e : PSf, ¥ :
(PSt/SPSf=75/25), W . (PSf/SPSf=50/
50), and . (PSf/SPSf=25/75).
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Fig. 10. The J,/J. vs. t plotting of SPSf membrane
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Table 7. The Relative Flux Reduction of PSf and SPSf Membranes by WPC Permeation”

Water Flux?  Sol'n Fl
WPC conc. Permeation Sol'n et . o o RFR
Membrane ) ) ( ¢ /m*hr) ( ¢ /mhr)
(wt%) ume (min) (pH) T T ] (%)
PSS 1 60 68 162 42 74.1
SPSf* 1 60 6.8 121 43 60.0
blend® 1 60 6.8 128 52 59.4
1) Conditions;
Solvent : NMP, polymer concentration : 2() wt%, PVP content . 50 wt% against polymer wt, solvent evaporation

temp. . 257, solvent evaporauon perlod
2) Applied operdtmg pressure . 1 Kg/em'
3) Treated with H.SO, (LE.C=0.22).
4) PS{ and SPSI treated with CSA (LEC=0.41).
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30 sec, relative humidity : 65%, and casting thickness ;
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Fig. 11. The MFI value of PSf membrane and SPSf
membrane, ® > PSf, B : SPS{ membrane
treated with H,SO, (LE.C.: 0.22 meq/g),
and A :blend SPSf membrane treated
with CSA (LE.C.: 0.41 meq/g).
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