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2 ok IEFFAYE AT A Ay Lo} o] A E EHE(TiOy) FF1) A 7F PES (polyethersulfone) 79 &
BEAAA F714 & AR A F71ede] 9F 2 ADATKME), PES 7 FF, F4tste] 4T8¢ Ho g o3 ARy
2 EAE&()), 2RI (Vy) SHAA 71E] A A H Ao Hlasn FY4 27 SUHgel wet §49 9
QYO F R F7IEIAL JE % io}oq Vit FY4 B5 2 mgLlA /M =4t 9E Agasd B3 d4 d4H B
F FYik wEek Adgle] vtk 4718 E AYEee E A 49 Ao FY4 10 mgLoAlM 4 71.4%01%0 00,
Aa A A= A9 AT 3 A4 A F UT MF 9 PES T, A48 £4F 8 (MF + TiO, + UV)ll A R}
Hrolx, Jo} Vre HUAY B 2 A7 EHAY AYELEE EF FA GAAH FAelo]l MF +TiO, + UVelA A H
i, 34 o MFE Beest 252 A E 85 A4 22590 A0 2 AA A= Faeh B} F2o], Aa A Hd|
Ae &2 2o BAksrt :1 ng AqEs 8}2&\5}.

Abstract: The effect of humic acid (HA), and the roles of microfiltration (MF), PES (polyethersulfone) beads adsorp-
tion, and photo-oxidation were investigated in hybrid process of ceramic MF and PES beads loaded with titanium dioxide
(TiO,) photocatalyst for advanced drinking water treatment. The results of water and nitrogen back-flushing were compared
in viewpoints of membrane fouling resistance (Ry), permeate flux (J), and total permeate volume (Vr). Because membrane
fouling increased dramatically as increasing HA, Ry increased and J decreased, and finally Vi was the highest at 2 mg/L
HA. Average turbidity treatment efficiencies were almost same independent of HA concentration. Average organic matter
treatment efficiency was the minimum 71.4% at 10 mg/L HA in water back-flushing, but those were almost constant in ni-
trogen back-flushing. The hybrid process of MF, PES beads, and UV (MF + TiO, + UV) have the lowest Ry, and the highest
J and Vr in both water and nitrogen back-flushing. The turbidity and organic matter treatment efficiencies were the max-
imum at MF + TiO, + UV independent of water and nitrogen back-flushing, and decreased sequently as simplifying the proc-
ess to MF. However, adsorption performed the more important role than photo-oxidation in water back-flushing, and pho-
to-oxidation was the more than adsorption in nitrogen back-flushing.

Keywords: ceramic membrane, photocatalyst, hybrid process, microfiltration, water back-flushing
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T7F ol FA L JUTHe6,7].

= & TiOyt UvaUAE
23w x%%rﬂ(conducﬁon CB)Z HAe)7} A=F
@ t(valance band, VB)ol %¥&-(hole, h+)°] A4
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e VA AR Wshede] of
Gk A o] A8ehs H A
= 7IAA AEe istegol st
2 2E e oo FEuE &
ek Alebe gelehe 484
TEE Asty syl er A
s el

IK= Aete] Ao Aerst F50 27t PES
2N FHEE & AAHS AASRA,
W AhEder 748 EAEAE ASsin
EAGAOA AA2de] swEE dAsH 1A F
Al SRE Wbt o selaet Az E el A=
= AV HOdG B, FYU4 $5 6 mgLel EAb
< AP IEFHMP)S FEME FAD T
(MF +Ti0,), UVE ZAE FA(MF + TiO, + UV) .2
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Z golx el FEe J7k PES Tl oF & 3 3
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PES 79 EAFAAN F71H 02 A4 AAH 2
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2.1. M2 & Fx|
2.1.1. Matel 2ajgt

B AT AES A Aot 3y 2
okl NCMT-7231°]9, a-alumina A& 56l] 22 A9l
a-aluminaZ IHI ASE Yy ]%"—/:\-ZH(T)QIH T
stATH21). £ H#71337]E 0.1 umo| 1, 97
8 mm, W73 6 mm, Z° 254 mmZ, E‘%‘ A&
47.9 cm®°]t}.

T

¢

¢
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2.1.2. &0 & UV #=

w A7olA AHEE FFus ol2Eote] E. Drioli
ATR[22]914 o] 4FSLE B (TiO,) 23 PES (poly-
ethersulfone) S-S /% % (phase inversion) WH O
A1 PES v}o] A& T (microsphere)©] 12, PES -]
A4 12~ 1.4 mmo|th. &7 &S FH3 F4tst
2 AA7] 98l o] PES +& A&t =3, 34
352 nme] UV AZ@ W) 212 o 25 9o A
A TH21].
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{14) 0: off, 1: on )

(1) Feed tank (2) Feed pump (3) Cooling system

(4) Stirrer (5) Flow meter (8) Membrane module

(7) TiO:2 (8) 100 mesh sieve (9) Needle valve (control)
(10) Ball valve (11) Electric balance (12) Solenoid valve

(13) Backwashing tank (14) Nitrogen vessel {(158) UV lamp

Fig. 1. Apparatus of advanced water treatment system using hybrid module of ceramic microfiltration and PES beads loaded
with TiO, photocatalyst with periodic water-back-flushing[10].

2.1.3. ZAI2H
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ol
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e

A < A J
BrAge] ol He Adt #71E F 49 FEs fAS AT w3 FFHANE w4 E AR 8§
AA st FUEATL 928 fiste JEAY 5718 A&Ho T FWAA, TF57 #2AS AEHE 44T
2o U 7] 4AE 2AE] Yste 71283 Fu4l T IEE 3AY. FFFE FE(2) (Procon, Standex
< AHEERTE BARE - 71& W (kaolin, Sigma Aldrich)} co, US.A)Y 93] ZFHAZRE o BE 9o
%9 4K humic acid sodium salt, Aldrich)y 3 &S 7 JEH, FUFFS FFAG) (NP-127, Tokyo keiso,
Fol Fo] dAYF T2 2A 3] A&EATH23,24]. Japan)E o] &3te] ZAE Y. Ry RE Y79
Z75de 474 6.8 barZtA FHE + Av dEA
2.1.4. AgEx| ARt =2 oA GEAE SASAT o BE
Fig. 1% & A7l A& A AE S (cross-flow) o7} Aol ey orEle W o3Pyl wx2glole] WH
Ao HErrE AN He] Thed Ao AAE Y 92 245t A
[e]
o

s
A3l stleH, Aty =3 Tio,
g]

& AAE s, AR ) 20 os) AYE Fage Fuls ARAL()
7AE

29 9H 9l B E(module) Y Atoldl| TiO, ¢S (Ohaus, USA)E zAsto] EPMLS A5
31 (phase inversion) B °2 FAAL PES (poly-  gir}. R40&e S45A e ol A5 A
ethersulfone) T(7)E ANY stue = ZE6) FH=E AZ(13)2 o FHA LR g on, MMz U4
TAstAT. =3 ARk 2% Tio, A7t PES TE T ol Ake] HE4vt molA W thA ZRE I 23
ST AFE, PES 7o D710 B AL 3ES o) QY BU TFTY £ A 74 dE
7= 100 mesh (0.150 mm) 2716l W@ AN £ 2 gqn. @, 9% trs 248 WA wo) 24
& ETE S, % nE el PES Wk AR o) shpaia) AAEl, mEe) 2717} iAol E Aol
B2 FARE A PANAE V0 UVEZ(S)  shsa oig A7 R QA A 282 9se] £
§ nEe o G50 AAEA, dese Td 24 go mzre QhHz Aes T, 180 Ao
itk SWRAE 2AAd = ALR 20 L] 83F mq3 9 dngse wE Y £YT) 27 Selwols
olm, g&-237](3) (Model 1146, VWR, U.S.A.)% < W H(12) (solenoid valve : CKD, Japan)E |35} T}
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1=
ofo

dotr 7] st FFT 2 A
on, 43A9 &4 F 308 AL
Al eRRlelA A 5E AF AT B (turbidity)= tur-
bidity meter (2100N, Hach, U.S.A.)E AL&3ld 2 H
ZAsta. FUAY 22 §& 718 AEE AHS
H& UVess $85E UV spectrophotometer (GENESYS
10 UV Thermo, U.S.A)E ©|&3t ZA 3 TH26].
3 F §E1YPE(TDS)2 conductivity meter (Model
162, ATI ORION, U.S.A)E ZA31tH10].

3. 2ot & E9

A M Al R7IE sE9 g
AlgtY 23} Tio, F&9 A7 PES 79 &4
golA f71&E %EPJ "éf*" *MLM 7+
= EE 40 gL, FT
1028 143 f‘r, HA %3} *é 2 HA 271&
6, 8, 10 mg/LO 2 Z}7} W3l Al7|R A, f7] &2
FEFE Rf g J/JO, VT%US.OM ##5AY. Re ¥
I, Vo= 7 13 =F21]A4 A53 vkt 2ol
2 & of 74 3 E%‘[zn% 1%6‘}04 Axbsatt. ZARE
T FIU4 TR 2 AT g RS W3HE
Fig. 20 YeRIAth. O 23, Fig. 2014 BE& bie} 2
o] FY4te] FE7F 10 mg/LollA 2 mg/LE ol A=
AR T R7F 248t FrEAt 57 2 mg/lL
Agdde O U940 &4 27| 7H BE A
¢ Ree 7HE FUHh
Fig. 32 FIUt 550 2 AT o
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Table 19 FY4F F=9 Hslo] wWE oA o
A o] A Rm) R BATE ARy, 1808 8 F
2o Ao AME(Reis), 271FHAEJ,), 1807 &4 F
F R4 (Jis0), Tiso/lo, TAFFTI(VDE TET X T
AolM Ax A A3 232019 viwste] AEstH
2 A4 & JAFNAE Ry, Ree FEHAY &
=9 gugiol Aol M£E e GO It
B 6 mgl ol TARUA 22T, A2 o
AR AN DA Ry, Re= A2 QAT HE 1Y
Sy Joe FY4 FE 8 mg/ll Bt & HS oA Za
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6.0
Humic acid (mg/A.) NCMT 7231
—
B0t 2
@ 4.0 r
5
> 30 ¢
=)
2
=20 Kaolin: 30 ma/L.
BT: 10 sec
FT: 10 min
10 TMP: 1.8 bar
Ti0,: 40 g/L

0.0

0 30 B0 @0 1 150 120
Time (min)

Fig. 2. Effect of humic acid concentration on resistance of

membrane fouling in the hybrid process of ceramic micro-

filtration and PES beads loaded with TiO. photocatalyst.

1.000
Humic acid (mg/L)
0.900 NCMT 7231 g
-2
0,800 -y
0.700 KaFylln- 30 mg/L g
BT: 10 sec e
0600 | FT: 10 min _‘_?0
= .
2 05w TMP- 1.8 bar
= Ti0g: 40 g/L
0.400
0.300
0.200
0.100
0.000
0 30 60 a0 120 150 180

Time (min}
Fig. 3. Effect of humic acid concentration on dimension-
less permeate flux in the hybrid process of ceramic micro-
filtration and PES beads loaded with TiO. photocatalyst.

1400
NCMT 7231 Humic acid (mg/)
1200 -2
Kaolin: 30 mg/L 4
1000 R BT: 10 sec -6
= FT: 10 min -e-3g
ﬁ 800 H TMP: 1.8 bar —&—10
| TiOg 40 g/L
=

600

400

200

0 L L L

0 30 &0 a0 120 150 180
Time (min)

Fig. 4. Effect of humic acid concentration on permeate
flux in the hybrid process of ceramic microfiltration and
PES beads loaded with TiO, photocatalyst.
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AL o B GHHNAE Reg©] 2.789 x 10° kg/m’sE
A Gk on Jigne 194 Lim’hrE 7HE BT Vi
4 =4

A 479 LE dE& & AU AR A4 A
AT FU4 2 mg/LY R; 1200 1.187 x 109 kg/m’s &
M G T T 335 Lm’hrE 7MY =9hon v
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Fig. 4= FU4 59| Wsle] mE F344 o] |
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Table 29} Table 32 % % f7]59 FHdEHS
FUst w5 B2 FFTe AYsy ¢4 2
& F 9AEA dax 9AFH[20]S Hlas
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Table 1. Effect of Humic Acid Concentration on Filtration Factors for Hybrid Process of Tubular Ceramic MF and PES
Beads Loaded with TiO, Photocatalyst with Water Back-flushing

Humic acid (mg/L) 2 4 6 8 10
R % 10° (kg/m’s) 0.479 0.476 0.473 0.476 0.480
Ry % 107 (kg/m’s) 0.001 0.013 0.001 0.007 0.037
Reigo x 107 (kg/m’s) 2.789 3.152 3.258 4.473 5.345
Water back Jo (L/m’hr) 1,322 1,299 1,399 1,315 1,230
-flushing
Jiso (L/m’hr) 194 174 170 128 108
Jiso/Jo 0.147 0.134 0.127 0.097 0.088
Vr (L) 4.79 4.02 3.62 3.39 2.79
R % 107 (kg/m’s) 0.701 0.700 0.699 0.699 0.701
Ry x 107 (kg/m’s) 0.011 0.001 0.008 0.001 0.019
Reiso x 107 (kg/m’s) 1.187 1334 1370 1.390 1.475
_ﬂlj:h;’lagcéo] Jo (L/m*hr) 893 905 898 907 882
Jiso (L/m’hr) 335 312 306 304 289
Jiso/Jo 0.375 0.345 0.340 0.335 0.328
Vr (L) 8.85 7.63 7.61 7.59 7.30

Table 2. Water Quality and Treatment Efficiency of Turbidity in the Hybrid Process of Tubular Ceramic MF and PES Beads
Loaded with TiO, Photocatalyst with Water Back-flushing for Effect of Humic Acid Concentration

Experimental condition

Turbidity (NTU)

Average treatment efficiency (%)

Kaolin  Humic acid Feed water Treated water Back-flushing

(mg/L) (mg/L) Range Average Range Average Water N,[20]

2 26.7~27.6 27.2 0.429~0.627 0.594 97.8 98.7

4 21.2~22.1 21.7 0.396~0.693 0.528 97.6 99.0

30 6 30.4~31.6 31.0 0.489~0.669 0.580 98.1 99.1

8 29.8~32.3 30.5 0.453~0.975 0.691 97.7 99.0

10 33.9~35.6 34.7 0.649~0.820 0.738 97.9 98.8
3.2. & L= Fh 9MH Al Flojnt W FF0f A A Rn) B BAIS ARRy), 180% & F =
YLtsto| AT 249 Ad(Reig), 271FHAAEU), 180% &4 F &
EARE el 7HE’ 30 mg/L, FEY 6 mg/le] T& HdEis0), Jisodo, FAAFIH(VE & FAHA A
oA, ddo3} &= FHYMF)I UVE ZA8HA oL 2 AAHR01S v AEsat. B 9AH A MF @
FZvl H7F PES %01] o g3 9 AUdH FF =34 W Rpgo #4448 x 10° kg/m’s 0.2 H i3k

(MF + Ti0,), 18]1 3.1.2A AAE UVE FAHS
FZu A7 PES 79 A9 d £ FH(MF + TiO, +
UV)ellA Adofst 9 gEa) 37} PES 79 &3, 3
akslo] S dolH It} Table 4= oA 2 =

mugel A 23 A A 25, 2013

YERI A, T 2 ViE 242 129 Lim’hr9} 3.12 L2
Hage Hth RIZHAR da 9AAR20]e B
N E Reigo w2 1.483 x 10° kg/m’sZ Hh 32 Vet
WAL, Jigo 2 Vis 22 291 Lim’hrét 7.08 LE 4

o
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Table 3. Water Quality and Treatment Efficiency of UVa.ss Absorbance in the Hybrid Process of Tubular Ceramic MF and
PES Beads Loaded with TiO, Photocatalyst for Effect of Humic Acid Concentration

Experimental condition UVass absorbance (cm™) Average treatment efficiency (%)
Kaolin Humic acid Feed water Treated water Back-flushing
(mg/L) (mg/L) Range Average Range Average Water N»[20]
2 0.080~0.091 0.085 0.012~0.020 0.017 80.2 84.1
4 0.093~0.113 0.104 0.019~0.029 0.023 77.6 84.7
30 6 0.157~0.166 0.161 0.024~0.034 0.030 81.7 82.4
8 0.182~0.193 0.187 0.036~0.043 0.039 79.0 84.2
10 0.257~0.265 0.260 0.070~0.081 0.075 71.4 83.1

Table 4. Roles of PES Beads Adsorption and Photo-oxidation on Filtration Factors in the Hybrid Process of Tubular Ceramic
MF and PES Beads Loaded with TiO, Photocatalyst Water Back-flushing at Humic Acid 6 mg/L

Process MF + TiO, + UV MF + TiO, MF

R x 107 (kg/m’s) 0.473 0.490 0.473

Ry x 10”7 (kg/m’s) 0.001 0.018 0.002

Reigo x 107 (kg/m’s) 3.258 4.092 4.448

Water back Jo (L/m’hr) 1,339 1,250 1,339

-flushing

Jiso (L/m’hr) 170 138 129

Jiso/Jo 0.127 0.110 0.096

Vr (L) 3.62 3.40 3.12

Ra % 107 (kg/m’s) 0.699 0.700 0.702

Ry x 10”7 (kg/m’s) 0.008 0.002 0.001

Reiso x 107 (kg/m’s) 1.370 1.440 1.483

] ﬂllfh;agcéo] Jo (L/m’hr) 898 905 904

Jiso (L/m’hr) 306 297 291

Jiso/Jo 0.341 0.328 0.322

Vr (L) 7.61 7.32 7.08
#e BHA A4 A0 & 9AF ZF MF of W3l & /o] WetE 4 Azt wet YErd
A MF+TiO,+UVE ¥&°] 53 @5 PES 7 Aoltt. Fig. 6914 B vi¢}t o] MF +TiO, + UV &
T2 FAste] Gl s fr]EHe] AFHHoE oA I #kol 7V =A FAHNL, 3] Tes)
AAFOZN ool AojHo] Rysy #S 74A3HA 45 ro o] FUkste N, #h2 ZAsAT. Fig. 7
A i Ve S7HEA < 747t A9 st mE Jo WsE AT o
Fig. 5& 27} 3739 Wslel| @& R WstE &4 2t YEt AT, Fig. 7914 E& bie} Zo] A o] whe
AlZkel mpeb YERd otk 34 o] Bst 245 PES 3 A5 Hedol AstEHo b @A FAHJL,

T 523 Fakstd o) f71EE Y AA AL §le MF 3A A 74 we ghs Bot

B2 Ry #ol FEHA F71stAtt. Fig. 62 47 &% Foae 552 6 mgLE 1HAZ MF @ MF+
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50
B MFATIO2+V] NCMT-7231
45— MFTIO2
10 I&MF

Rx1079 (kg/m2s)
(o)
(o)

Kaolin: 30 ma/L
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Fig. 5. Roles of adsorption and photo-oxidation on resist-
ance of membrane foluling for NCMT-7231 at humic acid

6 mg/L.
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Fig. 6. Role of adsorption and photo-oxidation on di-
mensionless permeate flux for NCMT-7231 at humic acid

6 mg/L.
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Fig. 7. Role of adsorption and photo-oxidation on per-
meate flux for NCMT-7231 at humic acid 6 mg/L.
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Table 5. Water Quality and Treatment Efficiency of Turbidity in the Hybrid Process of Tubular Ceramic MF and PES Beads
Loaded with TiO, Photocatalyst Water Back-flushing for Roles of Microfiltration, Adsorption, and Photo-oxidation at Humic

Acid 6 mg/L

Experimental condition

Turbidity (NTU)

Average treatment efficiency (%)

Humic acid Feed water Treated water Back-flushing
L Process
(mg/L) Range Average Range Average Water N2[20]
MF +TiO,+UV  30.4~31.6 31.0 0.489~0.669 0.580 98.1 99.1
6 MF + TiO, 33.8~34.5 34.1 0.543~0.729 0.647 98.1 97.1
MF 33.6~34.4 34.0 0.468~1.08 0.756 97.8 96.6

Table 6. Water Quality and Treatment Efficiency of UV,s4 Absorbance in the Hybrid Process of Tubular Ceramic MF and
PES Beads Loaded with TiO, Photocatalyst Water Back-flushing for Roles of Microfiltration, Adsorption, and Photo-oxidation

at Humic Acid 6 mg/L

Experimental condition

UV,s4 absorbance (cm")

Average treatment efficiency (%)

Humic acid Feed water Treated water Back-flushing
L Process
(mg/L) Range Average Range Average Water N,[20]
MF + TiO,+ UV  0.157~0.166 0.161 0.024~0.034 0.030 81.7 82.4
6 MF + TiO, 0.154~0.160 0.157 0.027~0.034 0.032 79.7 72.5
MF 0.136~0.150 0.142 0.031~0.039 0.034 76.0 70.6

Table 7. Portion of Treatment Efficiencies of Membrane Filtration, Adsorption, and Photo-oxidation in the Hybrid Process of
Tubular Ceramic MF and PES Beads Loaded with TiO, Photocatalyst with Water Back-flushing

Humic acid concentration (mg/L) 6
Portion of treatment Efficiency Turbidity UVass absorbance
Back-flushing Water N»[20] Water N2[20]
Membrane filtration (%) 97.8 96.6 76.0 70.6
Adsorption (%) 0.3 0.5 3.7 1.9
Photo-oxidation (%) 0.0 2.0 2.0 9.9
Total treatment efficiency (%) 98.1 99.1 81.7 82.4
PES 7 F23} 344317t = AlAC o 24 2H8-8k3ith =9 Agad dA & A HAAE PES T FHol
=g, B AT AR = JAHAAE PES T F30] FAsET o E A B&e Eou, A4 A
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