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Abstract: This study was conducted to improve the membrane characteristics and performance by increasing
hydrophilicity by adding additives to the ultrafiltration polysulfone (PSf) hollow fiber membrane. The mixed matrix
membranes (MMMSs) were prepared by dispersing 15 nm of fumed silica (FS) in the spinning solution at 0.1, 0.3 and 0.5
wt%. SEM analysis was carried out to confirm the cross-section and surface condition. It was confirmed that mean pore
radius of the hollow fiber increased by 4 nm as FS was added. In addition, contact angle measurement was carried out for
the hydrophilicity analysis of hollow fiber membranes, and it was confirmed that the hydrophilicity of MMMs were
increased by adding of FS. In the case of water permeability, the membrane including FS showed 91~96 LMH and showed
5~11% more increase than PSf membrane. In the antifouling performance test, relative flux reduction ratios of FS mixed
hollow fiber membranes were lower than that of PSf membranes, and it was confirmed that increase of hydrophilicity
hinders adsorption of hydrophobic BSA on the membrane surface.
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Table 1. The Content of Dope Solution
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Content (wt%)

Code
PSf FS PVP NMP
HF1 18 0 1 81
HF2 18 0.1 1 80.9
HF3 18 0.3 1 80.7
HF4 18 0.5 1 80.5
vinylidene fluoride (PVDF), polysulfone (PSf), poly- o|F A A Ut

ethersulfone (PES), polypropylene (PP) 5©| t33 o]

T3] ©] &, PSfE B2 J|AA 7%, 9 9 5374 9

A3 pH 2-129] H9IoAM = SHA A 0]7] witel 3]
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Y] A44S Eol7] @l W B (surface
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22 Sl ArEL T7-9]. o] T, &% mEY
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Table 2. The Condition of Hollow Fiber Spinning Machine

Parameter Condition
Spinneret O.D./I.D. (nm) 1.5/0.4
Spinneret temperature (°C) 30
Dope solution FS, PVP, PSf, NMP
Dope solution flow rate (g/min) 53
Bore fluid composition (w/w) Deionized water/NMP (1/1)
Bore fluid flow rate (g/min) 34

Air-gap distance (cm)
Coagulant

Coagulant temperature (°C)

1
Deionized water
24

2 3 X_T'_AI.EH- X-”E”‘
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uSL
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A& 1] 7 (scanning electron microscopy; SEM, S-4700,
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Code Cross section

HF1

HF2

Outer surface

Inner surface

HF3

Fig. 1. SEM images of the cross section, outer surface and inner surface of hollow fiber membranes prepared with different

FS amounts.
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Table 3. The Dynamic Contact Angles of Fabricated Membranes

Membrane Initial contact angle (°) After 10 min. contact angle (°) Decreasing rate (%)
HF1 70.0 = 3.7 60.0 + 3.5 14
HF2 56.2 £ 2.1 294 £ 53 48
HF3 63.0 £ 23 341 £ 2.1 46
TMP 80
R, = @) = HF1
u >< ‘JU/' 75 ] 4 HFZ
70 - \ HF3
65
TMP
R, = P (®) £ 601 y N
R )
% 55
§ 50 .\’d‘
Rf = Rt - Rm, (9) g 45 \
(3 40 4 -b..‘.
e
Ry EelH 1] A=, TMPE ¥ 2b3k(Trans- 7 P,y
30 4 .
membrane pressure), pi= 7842 HE(1.005 x 107 25 ] ‘
Pa-s), R 2% % A3e, Ra= o Aol S
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YAk H7tR FFAEe] Al xEE 7ol BgelA
solvent (NMP)2} non-solvent (5-F<) Akel2] w2
gho] dojup 41 7he V1EFEC] WE 2 94“ ﬂqfﬂl
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Fig. 2. The decreasing trend of HF1, HF2 and HF3 hol-
low fiber membranes.
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Table 4. Porosity and Mean Pore Radius of Hollow Fiber Membranes

Membrane

Porosity (%)

Mean pore radius (nm)

HF1 78.7 £ 0.5
HF2 79.5 = 0.7
HF3 804 + 0.7

29.7
344

110

100—: T '|'

80-
70—.
60—-
50—.

40

Permeability (LMH/bar)

30

204

0 T 1 T
HF1 HF2 HF3
Membrane

Fig. 3. Permeability test of FS mixed matrix hollow fiber
membranes.
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Table 5. RFR and FRR Results of Primary and Secondary Fouling Cycles

Membrane RFR 1* (%) FRR 1% (%) RFR 2™ (%) FRR 2™ (%)
HF1 35.86 5823 34.40
HF2 38.02 58.95 4477
HF3 31.39 51.93 51.92
1.1 14
mons —s—HF1 —=—R, —o—R, R
1.0 motty s N t £
0.9 - \ HF3

‘
0.8 &
I
0.7 v ;
|

0.6
0.5

0.4+

0.3 4

Normalized flux (J,, / ;)

0.2

0.1] «=— 1% cycle -

0.0 T T T L T T
0 100 200 300 400 500 600

Time (min.)

Fig. 4. Time dependent performance of HF1, HF2, HF3
hollow fiber membranes at 1 bar under three different con-
ditions: pure water flux; BSA flux; and water flux of
membranes washed with NaOCl solution.
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o] S7P7F ol TaL AETh. AR HF12 62.4%
NA 344%=, HF2E 62.6%°14 44.8%=F, HF3S
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Fig. 5. The membrane resistance of control PSf and
FS/PSf membranes.
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=719} el WE S s 15 nme] FSo} 2

% g

Membr. J. Vol. 28, No. 6, 2018



386 Yesol Kang - Joohwan Lim - In S. Kim
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