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Abstract: The effects of water back-flushing time (BT) and photocatalyst-coated polypropylene (PP) beads were inves-
tigated in hybrid water treatment process of alumina microfiltration and the PP beads in this study, and compared with the
previous study with alumina ultrafiltration membrane and the same PP beads. The BT was changed in the range of 6~30 s
with fixed 10 min of back-flushing period (FT). Then, the BT effects on resistance of membrane fouling (Ry), permeate flux
(J) and total permeate volume (Vr) were observed during total filtration time of 180 min. As longer BT, Ry decreased and
J increased dramatically; however, V1 was the maximum at BT 10 s. The treatment efficiency of turbidity was high beyond
99.0%, and the BT effect was not shown. The treatment efficiency of organic matters was the highest value of 89.0% at no
back-flushing (NBF), and increased as longer BT. The optimum input concentration of the PP beads was 20 g/L in the
viewpoint of membrane fouling; however, the optimum PP beads of the previous study was 40 g/L. The treatment efficiency
of turbidity and organic matters were the maximum at 30 g/L of the PP beads; however, those of the previous study with
alumina ultrafiltration membrane and the same PP beads were the highest at 40 g/L.
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(14) 0: off, 1: on

(1) Feed tank

(2) Feed pump

(4) Stirrer (5) Flow meter

(7) TiO2 {8) 100 mesh sieve
(10) Ball valve

(13) Backwashing tank

(3) Cooling system

(6) Membrane module
(9) Needle valve {control)
{11) Electric balance
{14) Nitrogen vessel

(12) Solenoid valve
(15) UV lamp

Fig. 1. Apparatus of advanced water treatment system us-
ing hybrid module of alumina microfiltration and TiO,
photocatalyst-coated PP beads with periodic water back-
flushing[11].
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Table 1. Effect of Water Back-flushing Time on Filtration Factors for Hybrid Process of Alumina Microfiltration and TiO,

Photocatalyst-coated PP Beads (FT 10 min)

BT (s) NBF* 6 10 15 20 30
R x 107 (kg/m’s) 1.129 1.089 1.111 1.132 1.141 1.138
Ry, x 107 (kg/m’s) 0.128 0.017 0.011 0.146 0.104 0.070
Reiso x 107 (kg/m’s) 10.495 8.867 8.166 7.520 7.155 5.933
Jo (L/mzh) 505 574 566 497 510 525
Jigo (L/mzh) 54.0 63.7 68.4 72.2 75.6 88.9
Jiso/Jo 0.107 0.112 0.120 0.145 0.149 0.170
Vr (L) 2.03 2.14 2.36 2.14 2.07 2.02
* NBF : No back-flushing
11 1.0
—=-NBF Kaolin: 30 mg/L -
In: S0 Kaolin: 30 ma/L
L[ abigs | um s oo, 0.8 Humic acid: 6 ma/L |y porg <
9 | *B1=10s|  1yp:08bar / 0.8 R‘P]%'g'g + BT=10s
_ : / : 0.8 bar
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Fig. 2. Effect of water back-flushing time on resistance of
membrane fouling in the hybrid process of alumina micro-
filtration and TiO, photocatalyst-coated PP beads.
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Fig. 3. Effect of water back-flushing time on dimension-
less permeate flux in the hybrid process of alumina micro-
filtration and TiO, photocatalyst-coated PP beads.
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Table 2. Water Quality and Treatment Efficiency of Turbidity in the Hybrid Process of Alumina Microfiltration and TiO,
Photocatalyst-coated PP Beads for Effect of Water Back-flushing Time (FT 10 min)

Experimental condition

Turbidity (NTU)

Average
Kaolin Humic acid BT Feed water Treated water treatment
(mg/L) (mg/L) (s) Range Average Range Average efficiency (%)

NBF* 56.0~57.8 56.7 0.289~0.294 0.291 99.4
6 36.1~37.6 36.6 0.270~0.280 0.273 99.3
30 10 10 75.4~76.2 75.9 0.320~0.387 0.350 99.5
15 40.0~42.9 41.7 0.302~0.401 0.335 99.2
20 28.6~29.9 29.3 0.234~0.307 0.280 99.0
30 40.6~51.2 50.4 0.282~0.301 0.290 99.4

* NBF : No back-flushing

o
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g | X
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@ 7 —4—30
£ St A
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55 "
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x 4 K o
o - °
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2 F /¥ Humic acid: 6 mg/L
VA BT: 10 sec
[ 3 o FT: 10 min
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60 90
Time (min)
Fig. 4. Effect of PP beads packing concentration on resist-

ance of membrane fouling in the hybrid process of alumi-
na microfiltration and TiO, photocatalyst-coated PP beads.
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Table 3. Water Quality and Treatment Efficiency of UVa.ss Absorbance in the Hybrid Process of Alumina Microfiltration and
TiO, Photocatalyst-coated PP Beads for Effect of Water Back-flushing Time (FT 10 min)

Experimental condition

UVas4 absorbance (cm'l)

Average
Kaolin  Humic acid BT Feed water Treated water treatment
(mg/L) (mg/L) (s) Range Average Range Average efficiency (%)
NBF* 0.360~0.376 0.368 0.031~0.051 0.040 89.0
6 0.390~0.430 0.409 0.100~0.114 0.110 73.2
30 10 10 0.420~0.435 0.427 0.072~0.083 0.078 81.7
15 0.337~0.348 0.343 0.098~0.109 0.102 70.2
20 0.394~0.413 0.405 0.100~0.195 0.127 68.6
30 0.341~0.349 0.344 0.061~0.133 0.085 752
* NBF : No back-flushing
g v A B oo, B AY HSjellA HA BT = 89.0%2 7H E9tom, BT 6~30%o & 443 4
AL 1022 8T BAAH a9 & 5 35S ¢ &S WolA ¢fgkout BT 102004 81.7%2 EHAA
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Table 4. Effect of TiO, Photocatalyst-coated PP Beads Packing Concentration on Filtration Factors for in the Hybrid Process

of Alumina Microfiltration and the PP Beads

PP beads (g/L) 50 40 30 20
R x 107 (kg/m’s) 0.416 0.427 0.416 0.418
Ry, x 107 (kg/m’s) 0.009 0.037 0.015 0.028
Reigo x 107 (kg/m’s) 6.142 5.959 9.637 5292
Jo (L/m’h) 1495 1367 1473 1423
Jiso (L/m’h) 96.7 98.9 63.1 110.7
Jiso/Jo 0.0647 0.0723 0.0428 0.0778
Vr (L) 2.72 2.56 2.20 3.92
1 et FAardste FRAE50/00)e WEE g o
09 R Nomcacdoma | oot Fig. 50|t}h. Fig. 5014 Hligk ubsl 2o, 3/, Fhol PP
°8 i FT. 10min ® ME 20 gL W 1808 F9 Mg A AAHUD
0.7 il TMP: 1.8 bar —4+—30 o
06 14 20 PP HE 30 g/LY W 7P WA FAHUY. A
Sos |9\ o ZHlA B, B A5 HejolA HF FEHm =
Y ‘k . 8 PP HIES B¢ ¥EE 20 gLUS ¢ 5 AT
os R\ Table 42 AW E®, PP HIE 20 g/LoIA Rpiso0] 3
S 22013 Jiso/loo] HTholBE, Arfe] vy 3t 392 L &
e 2 & Uitk WA B A7 ASdlA A BEu)
‘0 @ e 9‘ 120 150 180 FE PP HIE9] B9 FE+ 20 gLYS AFIsA T
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Fig. 5. Effect of PP beads packing concentration on di-
mensionless permeate flux in the hybrid process of alumi-
na microfiltration and TiO, photocatalyst-coated PP beads.
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Table 5. Water Quality and Treatment Efficiency of Turbidity in the Hybrid Process of in the Hybrid Process of Alumina
Microfiltration and TiO, Photocatalyst-coated PP Beads for Effect of the PP Beads Packing Concentration

Experimental condition

Turbidity (NTU)

Average
Kaolin Humic acid PP beads Feed water Treated water treatment
(mg/L) (mg/L) (g/L) Range Average Range Average efficiency (%)
50 25.4~34.5 313 0.560~0.380 0.438 98.6
30 p 20 43.9~34.9 40.0 0.372~0.329 0.335 98.6
30 45.4~57.2 52.9 0.162~0.546 0.274 98.7
40 23.3~33.1 31.0 0.257~0.521 0.351 99.1

Table 6. Water Quality and Treatment Efficiency of UVa.ss Absorbance in the Hybrid Process of Alumina Microfiltration and
TiO, Photocatalyst-coated PP Beads for Effect of the PP Beads Packing Concentration

Experimental condition UVas4 absorbance (cm'l) Average
Kaolin  Humic acid PP beads Feed water Treated water treatment
(mg/L) (mg/L) (g/L) Range Average Range Average efficiency (%)

50 0.391~0.326 0.356 0.036~0.058 0.043 88.0
40 0.376~0.314 0.340 0.061~0.016 0.047 86.3
3 6 30 0.390~0.586 0.521 0.007~0.036 0.027 94.9
20 0.186~0.420 0.383 0.017~0.039 0.027 93.0

0.027~0.047 cm' 2, #7189 HPFLE PP 5 30
g/LAlA 94.9%E 7H =A UErgth dhH e ¢Fm
gelo kg ARS8 AFAI[11]A =, FUst
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Uebgth =3 FE5v) 28 HES R AT,
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ou, dFHY Fofers A A AF11]9
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