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Abstract: The effects of humic acid (HA), photo-oxidation and adsorption were investigated in hybrid process of ce-
ramic ultrafiltration and photocatalyst for drinking water treatment. UF, photocatalyst, and UV radiation processes were in-
vestigated in viewpoints of membrane fouling resistance (Ry), permeate flux (I), and total permeate volume (V) at 2 and 4
mg/L of HA respectively. As decreasing HA, Ry decreased dramatically and J increased, and finally Vi was the highest at
2 mg/L HA. Average treatment efficiencies of turbidity decreased as increasing HA, but treatment efficiency of HA was the
highest at 4 mg/L HA. It was because most of HA was removed by membrane and some HA passing through the mem-
brane was adsorbed or photo-oxidized by photocatalyst at low HA, and therefore treated water quality was almost same at
2 and 4 mg/L HA, but feed water quality was higher at 4 mg/L. At effect experiment of photo-oxidation and adsorption, J
of UF + TiO, + UV process was maintained at the highest, and ultimately Vr after 180 minutes’ operation was the highest.
As results of comparing the treatment efficiencies of turbidity and HA, photocatalyst adsorption had more important role
than photo-oxidation when HA increased from 2 to 4 mg/L.
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(1) Feed tank
(4) Stirrer (5) Flow meter

(M TIO2 (8) 100 mesh sieve
(10) Ball valve

(13) Backwashing tank

(2) Feed pump (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 ceramic ultrafiltration and TiO, ad-
sorption with periodic water-back-flushing.
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Table 1. Effect of humic acid concentration on filtration factors for hybrid process of ultrafiltration (NCMT-5231) and TiO,

photocatalyst
Humic acid (mg/L) 2 4 6 8 10
R x 107 (kg/m’s) 0.416 0.416 0.430 0.417 0.415
R, x 107 (kg/m’s) 0.005 0.000 0.000 0.004 0.024
Reigo x 107 (kg/m’s) 1.152 1.818 2.110 3.044 3.485
Jo (L/m*hr) 1508 1524 1474 1510 1448
Jiso (L/m’hr) . 404 284 250 183 162
Jigo/Jo 0.268 0.186 0.170 0.121 0.112
Vr (L) 11.87 8.65 7.17 5.48 4.12

Table 2. Water quality and treatment efficiency of turbidity in the hybrid process of ultrafiltration (NCMT-5231) and TiO»

photocatalyst for effect of humic acid concentration

Experimental condition

Turbidity (NTU)

Average treatment

Kaolin Humic acid Feed water Treated water efficiency
(mg/L) (mg/L) Range Average Range Average *o)
2 34.1~375 354 0.197~0.365 0.304 99.1
4 32.1~345 33.3 0.273~0.378 0.324 99.0
30 6 36.0~39.3 375 0.417~0.677 0.518 98.6
8 23.4~28.7 26.2 2.02~2.24 2.14 91.8
10 27.4~30.5 28.8 2.78~3.32 3.10 89.2
" [ Fumic acid ra/D) NCMT-5281 o Humic acid (mg/L)
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Fig. 2. Effect of humic acid concentration on resistance of
membrane fouling for NCMT-5231.
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Fig. 3. Effect of humic acid concentration on dimension-
less permeate flux for NCMT-5231.
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Table 3. Water quality and treatment efficiency of UVass absorbance in the hybrid process of ultrafiltration (NCMT-5231) and

TiO2 photocatalyst for effect of humic acid concentration

Experimental condition

UVas4 absorbance (cm'l)

Average treatment

Kaolin Humic acid Feed water Treated water efficiency
(mg/L) (mg/L) Range Average Range Average (%)
2 0.021~0.043 0.032 0.002~0.005 0.003 89.4
4 0.053~0.083 0.069 0.003~0.005 0.004 94.9
30 6 0.087~0.134 0.110 0.008~0.020 0.017 84.5
8 0.126~0.159 0.141 0.017~0.037 0.029 79.3
10 0.157~0.223 0.198 0.038~0.059 0.049 75.1

1600

oo Kaolin: 30 mg/L Humic acid (mgfL)

BT: 10 sec L e-2
1200 FT: 10 min -4
TMP: 1.8 bar ]
1000 | TiO=" 40 g/L - 8

%10
800

J (L/réhn)
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400
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NCMT-5231

0

30 60 sg 120
Time {min)

e 150 180

Fig. 4. Effect of humic acid concentration on permeate flux
for NCMT-5231.
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Table 4. Roles of TiO:; photocatalyst adsorption and photo-oxidation on filtration factors for NCMT-5231 at HA 4 mg/L

Process UF+TIO+UV UF+Ti0; UF
Rax107 (kg/m’s) 0416 0.414 0.433
Rpx107 (kg/m’s) 0.000 0.003 0.000
Reig0x107 (kg/m’s) 1.818 2.205 2437
Jo (L/m’hr) 1524 1521 1466
Jiso (L/m’hr) 284 242 221
JigofJe 0.186 0.159 0.151
Vr (L) 8.65 7.01 6.28
e Kaolin: 30 mg/L o0
olin: m - .
3.50 Humic acid: 4 mo/L NCMT-5231 0.900 Kaolin: 30 mg/L. —- UF+TIO2+UV
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% 200 So0.500
g 1.0 0.400
0.300
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0.50 2 -~ UF+TI02 .
g { 0.100 H
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0.00 0.000 :
0 30 60 90 120 150 180 ¢ 30 60 %0 120 150 180

Time {min)

Fig. 6. Roles of adsorption and photo-oxidation on resist-
ance of membrane fouling for NCMT-5231 at humic acid 4
mg/L.
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Table 5. Water quality and treatment efficiency of turbidity in the hybrid process of ultrafiltration (NCMT-5231) and TiO;
photocatalyst for roles of ultrafiltration, adsorption, and photo-oxidation at HA 4 mg/L

Turbidity (NTU)

Experimental condition Average treatment

Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
UF + TiO; + UV 32.1~34.5 333 0.273~0.378 0.324 99.0
4 UF + TiO; 31.6~33.4 32.3 1.06~1.52 1.30 96.0
UF 21.0~27.7 25.0 4.04~10.3 7.02 71.9

Table 6. Water quality and treatment efficiency of UVass absorbance in the hybrid process of ultrafiltration (NCMT-5231)
and TiO, photocatalyst for roles of ultrafiltration, adsorption, and photo-oxidation at HA 4 mg/L

Experimental condition UVas4 absorbance (cm")

Average treatment

Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
UF + TiO: + UV 0.053~0.083 0.069 0.003 ~0.005 0.004 94.9
4 UF + TiO, 0.053~0.078 0.066 0.007~0.016 0.012 81.6
UF 0.071~0.099 0.083 0.028 ~0.046 0.037 55.2
1600 ; 4.00
1400 Kaolin: 30 mg/L - UF+TIO2+UV | Kaolin: 30 mg/L ~— UF4TIO2+UV
Humic acid: 4 ML _g UraTio2 %% T Humic scid: 2 mg/L - UF+TIO2
BT: 10 sec | BT: 10 sec A UF
200 &~ UF ~3.00
FT: 10 min £ FT: 10 min
—~ 1000 TMP: 1.8 bar 5250 r TMP: 1.8 bar
£ TiO2: 40 g/L = TiO2: 40 g/L
(\E 800 “."oz.oo
= b
= 600 E 1.50
AB0 1.00
200 0.50
NCMT-5231 NCMT-5231
o ‘ 0.00
120 0 180
) 30 60 Timeg%min) 120 150 180 o % % Timgo(min) 2 ° ?

Fig. 8. Roles of adsorption and photo-oxidation on per-
meate flux for NCMT-5231 at humic acid 4 mg/L.
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Table 7. Roles of TiO: photocatalyst adsorption and photo-oxidation on filtration factors for NCMT-5231 at HA 2 mg/L

Process UF + TiO; + UV UF + TiO; UF

Ra x 107 (kg/m’s) 0.416 0.414 0.421
Ry, x 107 (kg/m’s) 0.005 0.003 0.009
Rigo x 107 (kg/m’s) 1.152 1.599 1.994
Jo (L/m’hr) 1508 1522 1477

Jiso (L/m’hr) 404 315 262
Jiso/Jo 0.268 0.207 0.177

Vr (L) 11.87 793 6.97

Table 8. Water quality and treatment efficiency of turbidity in the hybrid process of ultrafiltration (NCMT-5231) and TiO,
photocatalyst for role of ultrafiltration, adsorption, and photo-oxidation at HA 2 mg/L

Experimental condition Turbidity (NTU) Average treatment
Humic acid Feed water Treated water efficiency
Process (%)
(mg/L) Range Average Range Average
UF + TiO: + UV 34.1~37.5 354 0.197~0.365 0.304 99.1
2 UF + TiO, 30.9~322 31.6 1.11~1.41 1.25 95.6
UF 28.5~31.8 30.1 3.35~5.86 443 85.3

Table 9. Water quality and treatment efficiency of UVas4 absorbance in the hybrid process of ultrafiltration (NCMT-5231) and
TiO, photocatalyst for effect of ultrafiltration, adsorption, and photo-oxidation at HA 2 mg/L

Experimental condition UVass absorbance (cm'l) Average treatment
Humic acid Process Feed water Treated water efﬁ(co:)ncy
(mg/L) Range Average Range Average
UF + TiO, + UV 0.021~0.043 0.032 0.002~0.005 0.003 894
2 UF + TiO, 0.033~0.042 0.037 0.008~0.014 0.011 71.0
UF 0.030~0.042 0.035 0.008~0.018 0.014 59.2
2 ZHastfth UVass §35E Table 6914 & 4 3l el F3, Fitste & aAsA Fig 9=
=°, FFTY BE UV FEEE 0.066~0.083 A9 Wt W RO WHEE M Tt UrE}
om'2 WA dAFHGPOY, ALY P UVas & d Aotk UFAAM R 7H8 =4 fAI502H, UF
FEE 0.004~0.037 cm'E H3 27 o wabA + TiOo A Ree &F 744313 UF + Ti0, + UVelA
0] @€ 278 UVew F359 BF AHYEE 27t vE FRE veEglit. 3, 43dAE A
& 247k 94.9, 81.6, 552%% FA3| L2 OlEJ 2 Table 794 B uieh Zol, 1808 &4 F 7
3 AA2RE FESuo] F23 Fiksiol «10}04 TR Hed AdRe)ol FH T 4 mgLe] A
FEEAE 493 AAHJAL, Foatg 1% T 20 343 Zasit.
A aHxos AAE # U & & %l%lt}. Fig. 102 2424 349 #Hato] W J/5,o] H3}E &
AA kel met Gepi T Fig. 10914 Be Hpeh 2
3.3. FUL 5 2 mo/LollM Btelojnt U ZEo0f & o], UF + TiO, + UVelA Jlpe 7H &7 %Xlﬂ‘}iu}
&, Fuoste g Table 7°4 B vpel 2o), 180% &4 F 7 24 ¢

3 TE Tis/To?to) FE4t ¥ 5 4 mg/L9) A% Ho} Z713¢
2mgLE R ¥, 3oy g5 34 2 F20S on, B3 o] BAHA4E FUM FLo 93
=
[e2an]

Jiso/Jo® A7F ZA e T
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Fig. 10. Roles of adsorption and photo-oxidation on di-
mensionless permeate flux for NCMT-5231 at humic acid 2

mg/L.
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Fig. 11. Roles of adsorption and photo-oxidation on per-
meate flux for NCMT-5231 at humic acid 2 mg/L.
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Table 10. Portion of treatment efficiency in the experiments using hybrid module of NCMT-5231 and TiO: for role of ultra-

filtration, adsorption, and photo-oxidation

Humic Acid concentration (mg/L) 2 4
Portion of Treatment Efficiency Turbidity UV,ss absorbance Turbidity UVys4 absorbance
Membrane Filtration (%) 85.3 59.2 71.9 552
Adsorption (%) 103 11.8 24.1 26.4
Photo-oxidation (%) 35 18.4 3.0 133
Total Treatment Efficiency (%) 99.1 894 99.0 94.9
4.2 E Reigo D Jigo/Jo, VT #0] UF + TiO, + UV FA A
714 53 vetgth UF + TiO, + UVe Re 7}
2 d7dAe 1EE A5 AEHFAYE Y5 2 @A FAALH, 19} Vi 7P =4 7ASA
o B3 AAS 9% BF Ay d9ojzel §E47) o 8% 9 UV FEEE 474 992%, 863%2 %
E AAZ 9% &5 E e REE TS, = A dehdd F4 55 2 myLy @993 95F
AHEAE e s FUit FEY FFE ARy F AoA gx g {7189 APaLo] 4 mg/lLe 5
24 F5 27 2 mg/lL9 4 mg/LlA @9 o= Hoh A YeRAW, BE50E FUAY 3HA UVE
A 2 FHE EYF TA, UVE 2AF A AR FAAAE g AHeago] vxdA Ue
elzl B4 2 HYEEL Yo} B AT 9o go gt =28, FYU4 557} 2 mg/LolA UF 25339
AEE 4& & AU 7495 A19)8ka UF + TiO, 4% UF + TiO, + UV
1) BAR N Fulad 57} vl wel R F 49 #7189 AHeagol 4 mgly HS Boh 43
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Fuik 5 2 mgLolA 7H B4 Jehgth ZAE Uebgou, #7189 Hease F94% 2 mgLd 4
Mo FUAY ¥Er} Eolde me Bx XIFd ¢ Bod 4 mg/LAA 55% F7HEHRTh olEd ZHE
< 743 2E §715Y 2 £ A FEFvd T FF
a
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AA 7 =A Yebdth FEA 271 4 myg/LolA
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