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Abstract: This study was carried out to evaluate the performance of the separate membrane (HF; hollow fiber mem-
brane with polysulfone) process applied with the external membrane types, internal pressure membrane types and ex-
ternal-internal types according to the variations of pressure and membrane pore size in the purification treatment process of
the lake water. The maximum permeate flux was average values of 282 LMH and 234 LMH with the pore size of 0.3 and
0.05 pm respectively in the external pressure membrane process, and 443 LMH and 522 LMH with the pore size of 0.3
and 0.05 pm respectively in the internal pressure membrane process. In addition, the maximum permeate flux of the proc-
ess that was applied with external and internal membrane pressure simultaneously showed the average values of 674 LMH
with the pore size of 0.3 um, and 648 LMH with the pore size of 0.05 pm. Therefore, maximum yield per unit area is
supposed when the separate membrane that was applied with external and internal pressure simultaneously are used to treat
the lake water.
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Table 1. Comparison of Characteristic between Suction
and Cross-flow (External Pressure) Process

Suction process External process

Filtration type Dead-end Cross-flow
Scale-up Difficult Easy
Inlet water concentration Low High
Operating flux Low High
Power consumption Low High
Cleaning cycle Long Short
Facility area Large Small
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Fig. 1. Permeation through the hollow fiber membrane.
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Fig. 2. Permeation through the hollow fiber membrane
both internal and external pressures.
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Fig. 3. Schematic diagram of hollow fiber membrane module tester for internal and external pressures.
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Table 3. Flux Change by Various Pressure

Pressure

N Pore size Length Flux (LMH)

Y (um) (cm) Internal Extern%l 1 hr after
(mmHg) (kgif/em’)

1 -80 65

2 -100 75

3 0.3 60 -120 76

4 -140 77

5 -80 63

6 -100 76
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8 -140 87

9 0.6 130
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12 1.2 85
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Table 4. Flux Change by Various. Length
Pore size Length Pressure Flux (LMIJ)
ore S1ze engt ux
No (um) (cm) Internal Extemegl 1 hr after
(mmHg) (kgeem’)

1 30 -100 80

2 60 -100 - 75

3 90 -100 65

4 30 -100 150

5 0.05 60 -100 0.6 140

6 90 -100 130

7 30 -100 135

8 60 -100 0.8 135
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Table 5. Flux Change Adapted for Simultaneity of Inter-
nal and External Pressures
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Table 6. Flux Change in Turbidity Adapted for Simultan-
eity of Internal and External Pressures

Pore size Length Pressure Flux (LMH) Pore -y ngth Turbidity Pressure Flux
No (um) (cm) Internal Exteme;l 1 hr after No size (cm) (NTU) Internal Extern%l (LMH)
(mmHg) (kgf/om’) (um) (mmHg) (kgdem®) 1 hr after
1 -60 04 80 1 0.05 60 100 -80 0.4 105
2 .3 60 -60 0.6 75 2 005 60 100 -80 0.6 105
3 -60 0.8 110 3 005 60 100 -100 0.4 115
4 -80 0.6 130 4 0.05 60 100 -100 0.6 120
5 -60 0.6 135 5 0.05 60 100 -120 04 115
6 -60 0.8 135 6 005 60 100 -120 0.6 115
Do e B0
9 -100 0.6 180 A gE YT AT
10 -100 0.8 205
4.4, EtTof o3t o=y ZHA w5}
o] A% EFHZYA Ao ol HYY E BT 100 NTUS 8594 A4 9¢he A
3 o] gEe FSAZLFE FRUY AAZESL L3 FANA g T B2 ¢HE EHRITHs
T W] BE EREFYPAE V6T o) L9 W32 Table 69 UEMIATE. &4 0.05 pm, Zol=
ol FFA BHAAN s E § HEH oF ¢ 60 cmZ F993} )9S 7HZ -80 mmHg (-10.67 kPa)
o] Aol dAUHA ERZHUAE THAAZS 9} 04, 0.6 kg/em® (39.23, 58.84 kPa), -100 mmHg
Ao AA TATL A3 Ao dojd Ao g A (-13.33 kPa)9} 04, 0.6 kg/em® (39.23, 58.84 kPa),
SEO11]. 120 mmHg (-16.0 kPa)%t 04, 0.6 kg/em’ (39.23,
58.84 kPa)Z W3tAlA AP olmf AlggE Hl
4.3.2. 34 0.05 ym olAd] EHFE A& F LU Z 100 NTUA =3}
FA9H S A AL FAANMY G up of QFFTFYI H& F 2AHsAT 7] FHAE
2 REAZYAHEE Table 59 JeERAT. &4 0.05 615~695 LMHo| 1, ¢k 1A &4 $ FY A& 105~
pm, do] 60 cmE FA4H A4S 47 -60 mmHg 115 LMHE Yehigith
(-8.0 kPa)9} 0.6, 0.8 kgfiem® (58.84, 78.45 kPa), -80 AAEEY §&o] WE FEA YR FYGe
mmHg (-10.67 kPa)%}, 0.8 kgfiem” (78.45 kPa), -100 g wet 2719 EHAE Aoy, Ha F
mmHg (-13.33 kPa)%} 0.6, 0.8 kgflem® (58.84, 78.45 ZAT gde 9aldAde ZUMAA FAY ZEAY
kPa)= HEAA AFsac 1 A 27 THxE 25 zy39Y. o9 o] U9 1ET BEAE
1,170~1,310 LMHO. & yehton], dAGAZlo] A o og ZYHx Zravt 343 dojue AL FIAY
¥ F92E 135~205 LMHE YebHAT FAs of 7H&Y Aela Fol YAUH ool HEM HA
9fete FAlO AL FAHANAY FY2WE Y A 480, o] A dYe] aAEE 2 FVF
9] 7% 0.6 keflem’ (58.84 kP& 7| 222 39¢ 7 Fo| we} TAAGG R Aoj2 Zo] we) YHPL
< Qe d50E LHEE e AT HkIA T3 ER EREH2E AN g Y AR AR
ZH22 FASAY £ 0.8 keflem’ (78.45 kPa)S m, o) Zr|HBo S Ao TN FEAS
NNELR AL A% 9ol 9 FHA) wAEE ZA9 Aold FAL HA28T & Je AOE HilE
7 FAY AT FFAT R FASE AFE F I SIHH15,16].
Agigel met FREH2 AsstA HAAY o Ay
AR AIZE] A Fo® EREH27F FUAY ¢ 9 4.5, s e ZA 83l ofE Y dlw
TR BEow ANF A9 gy FY2 Ay T 9e SA A& dPAAY FHE
o] g A (lincar) 2 & FrAE| & T3 FFo] Frtst g 7|20 A (24)0] HEste] AEHA & 23
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Fig. 4. Comparison of correlation predictions with ex-
perimental results (-100 mmHg & 0.4 kgf/em®); based on
the experimental (test) pressure drop.
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Fig. 5. Comparison of correlation predictions with ex-
perimental results (-100 mmHg & 0.6 kgf/em®); based on
the experimental (test) pressure drop.
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Table 7. Simulation Factors of Hollow Fiber Membranes
Adapted for Dual Pressures

Factor (unit) Value Factor (unit) Value
Pure water Lp (m) 3.5 x 107
permeability  1.52 x 10*
(m/sec - bar) Fiber length (m) 0.6
Viscosity (L) 3 .
(gl +sec) 00 710 Pemsiy (0) 1 030
Rm (Lm) 6.6 x 10° (kg/mt)
Re (L/m) 6.6 x 10" Do (m) 2.0 x 107
Mem. area 3 . 3
(MA) (m?) 7.54 x 10 Di (m) 1.8 x 10
Permeance (Ks) g (m/sec’) 9.8
my/sec * kPa 137 % 10°
M (L/m) 5.853 Fiber Q'ty (Fq) 2
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