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Abstract: The effects of pH, saturated oxygen, and back-flushing media were investigated in hybrid process of tubular
ceramic microfiltration and TiO, photocatalyst-loaded PES (polyethersulfone) beads for advanced drinking water treatment,
and compared results of water, nitrogen, or oxygen back-flushing in the viewpoints of membrane fouling resistance (Ry),
permeate flux (J) and total treated water (V1). Ry decreased, and J and Vr increased as decreasing pH. Turbidity treatment
efficiencies were similar at water or nitrogen back-flushing independent of pH, but DOM (dissolved organic matter) treat-
ment efficiency did not have a trend at water back-flushing. Ry at NBF (no back-flushing) with SO (saturated oxygen) was
the lower than that at NBF without SO. Also, the DOM treatment efficiency at NBF with SO was the lower than that at
NBF without SO. It happened because OH radicals produced by reaction of SO and photocatalyst could dilute with water
inside the module. The DOM treatment efficiency of gas back-flushing showed the larger than that of water back-flushing at
back-flushig period 10 min. It proved that the adsorption or photo-oxidation of PES beads could be activated by the more
effective bead-cleaning of gas back-flushing than water back-flushing.

Keywords: ceramic membrane, photocatalyst, hybrid process, microfiltration, water/gas back-flushing
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TiO, FZ1) ¥h& viZAAYEL TiOy7} UVAvAE
%—’F—’B‘}Uﬂ Z 9 tl(conduction, CB)Z HAe)7’} A=
78 t(valance band, VB)ol %&(hole, h")°] A4
U%, TE&H0 R g WAool 2 grZo] YA H
A= AsA7IE 2o E 44 ATH9) whebA o
o] OH gtjZo] "@"35]‘?5 ZujA 4 "PTQWV} %3
o}
2l

O ox ot E2 o }-Oﬂ}il
Lo
o)
riu
of?
o o
o
12
rr
poy
©,
)
2
o _qm

FE Leuhs o] &3 FA e AUt &Esi o]
h A2 =59 A7 TFS AR, 199549 o
o}9] Bellobono 52 polyester L&A 22| Yo
TiO, #EmE 32 (photografting) N # #1231 FZ )
s At A 9 HE T fr1=9 sl
gk A4S HEsATH12]. olgE ok Molinari I+
&2 polysulfone ¥ polyamide, PAN (polyacrylamide),
PP (polypropylene) & o2l T/ L&A EEHd
TiO, FE5WE TASIAA A2 %—i“-“ﬁ o
ZEE /‘}%3}9&0‘3’4 T Feje i 9 A&
FE TR FF 7719 AA Z&o i A
£ 53 0}%3}[13—15]. =Y Warnecke 78 olA
Aol ete] TiO, 35S 13 e FE5u) &
gt HF F & LEEES Elste AT E
FoATH16]. FHEA oo g FEu) T4
Aoz v ¥ FEEo 13 E(bilge water)®] 71E
& AAste A7 AP = TH17]. AAE

oxl
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2 A A5 F TioE £ I3}
= Sl AATHI8]. K. Azrague S[19]
2 BT e 25 77 L9 EAS F8(mine-
ralisation)at”] ¢J& 2|2t T4 3} 3 ggI|E =
ek #2]9 349-8-7](MPR, membrane photoreactor)S
AQFetEth. M. Pidou &[20]0] AHdHl A& £
otk Agte FEu) wkgelA 2o 2™ st A
Ttk A ATl i T - & AFTEFE A
HEH, F29 dFoA Eg2e TiOo, Y= A=
AASAA AeAe @ HeEA g &t o
1EA EY9e 71A AEet wisldtde] ofg v
o] o Tk A H ol A&t © FAE Kol
At A 7IAA A=t Wsiego] st 7
B e AleE Zeue ojfe FEuE FHAN
7% B ”H :rLS’Jr Aete] Eeere] 43R tig
ATe B dFES Asty YA oE M o] F
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2 Oﬂ%oﬂﬁ—t— 1]3}“‘ Ao et FEu A7t
PES 79 E£43ANA F71HoE & AAHs A
StAA, FYA HEUOR FAE BASAS ALE
Atk FEm) e ALEE Af EE WoE /4
2 g e, F5d A7 PES e A A e
ARt B2E W 7t F e AFol At o
ARG B9 = FAH F7)9 AHE YA
A 14 & pH Wk} x5 AATE o HRlzte} %
gagd MAE FFS AHEYY, LT 4 FA
g FAANM Ai EE A4 IAHE 3 J)|EY AF
A7 21,221% BHlaskA

2.1.1. Mz2tel 2a(at
B AT AEE At Aot 3y 2
2ol NCMT-7231¢|9, @ -alumina A A|Zo] 722
9l ¢-alumina® ZHEI HAOZ Y] FaA(F)olA
%lok%iv}[zs] e Bt7]1 8271+ 0.1 pmo] 1L,

L 479 cm O]E}.
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(13)

(14) 0: off, 1: on

(1) Feed tank

(4) Stirrer

(7) TiO2

(10) Ball valve

(13) Backwashing tank

(2) Feed pump

(5) Flow meter

(8) 100 mesh sieve
{11) Electric balance
{14) Nitrogen vessel

(3) Cooling system

(6) Membrane module
(9) Needle valve (control)
{12) Solenoid valve

{(15) UV lamp

Fig. 1. Apparatus of advanced water treatment system using hybrid module of tubular ceramic MF (NCMT-7231) and PES
beads loaded with TiO, photocatalyst with periodic water back-flushing[11].

2.1.2. 501 ¥ UV #H=

2 AFolA AR FEvls olgE]ote| E. Drioli o
TE[24]014 ©]AFSFEIEFF(TiIO,) 23 PES (polyether-
sulfone) &3-S 4} A (phase inversion) YHOZ &
4 AZ PES ©lo] A&+ (microsphere)©] i, PES T2
27L& 1.2~1.4 mmo]t}. PES 79 TiO7} BEH o=
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2.1.4. AR

Fig. 12 & Aol AH83 A& E(cross-flow) o 3
Ao HEsrr dAHe] Thed AdoH AXE Y
B ith &2 2 DOM AAE 9fstod, Algte 29
9 F-9} & (module) WH Aol TiO, £2& Az
(phase inversion) ' o2 #4FAZ] PES (polyethersul-
fone) T(7NE AH 3] = ZE(6) FEHE TN
o 52 JAAHE 8] Wil PES 7+ 3 = #
% FHE EAsty ok =3 AgY e
TiO, A7} PES 75 &3 Ae|E, PES 79 7]

Hoh 84 A2 F374E 2= 100 mesh (0.150 mm) 2
719l B@®)s AT BE E7E5 THANA, I BE ¢
°] PES 77 AgFe] #ER FAHE S HAEA

th 2709 UVEEZ(15)S REQ 9F oo A3},
A= T 2ABIAY. FFHA()E 2H A~
AAZ 20 LY &Fo|H, %P%ﬂt—:@ﬂ@) (Model 1146,

VWR, USA)S 24 5% 3Ue A5t FFF
o £E& YASH vxl*é‘}‘}'lﬁ} =% FuHade 1
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(2) (Procon, Standex co., U.S.A)°l 93l FHBIAER
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B o 25 ko U5y, FARFE A5 (NP-127,
Tokyo keiso, Japan)E ©]-8&3t =433t E—E] =k
59 478 ST Fde

9&‘3} ot BEAY FEFH g -5& <3 %3

Feidle] MH9)E xdste dASA o, Al
1j)r‘j] 2k TiO, ¥ Tl o) Al T3 £y
E AAAE(11) (Ohaus, US.A)E FAES A3l &
A& AT FHAES SAA 4& wol
=, A7t GAAHZ(13)E o] FHAAEE 3
AMH 2o BT o] AHeFrt BolAd oA
HHAE #3850 dPste B FETY +F
AstA FABES St @, 9% UdEE 1A E
AAG Fo] Aol 7hgstA AAE, REY 7|7}
ol 2ol Jhssith o3 AIE 2 GAE ARE
24& Y8ty T wEFe} M H xR A4 b
Z7, 283 A BATF 9 dAF Y 2E Y FY
Tol| 247t &ywolt ‘QH(IZ) (solenoid valve : CKD,
Japan)E AAStATh Eg d8g GAjHo] o] Fold
T UAEE GAH B lﬂ 5ol ™S B3] #sh
0259 3 & ot WHE st M Z
A FETe T EE UE FREHA €1 33 59
SHIZ A A olE O MY ERlol=
Be E—':r shue] AIZE Al Al(twin timer : Omron,
Japan)oll A2 F2Eo] WiB 9] ) - H7} FAO Lot
o, A A Agee dARIY hgf o HEE
5ot GAH o] T

o}
34 ol A pH«] O"Eko %}o}_u;_
7] 91314, pHE 5~9% W3} A7|WA pHY FFS ¢
ofR gttt 1ea 23 A 219 AFPdAE Jhed
30 mg/L, %“4*& 10 mg/Lo2 Azxd RAEAS 24
AZF =9 A AR XIE AF] ZTo AL A3 Y
o 7 4AF E’_—‘:r A F7](FT, filtration time) 103,
A4 AZHBT, back-flushing time)s 1022 Y743}
A FASRL, AL 7h&dY FEE 30 me/L,
FUAe] BEE 10 mg/LE frASHA 2t 27049
180 o3l FoF oo 93 ARy H F2

A1), 27 BAE0)2 FAL3 F3XE00),
TAYTFE(VnY WEE AZsigt. 182 Tio, #

AEgel, A 24 A A2 =, 2014
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H
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YA B Rove AHE ST, 1 e o =

skl om,
o Agg gl ANEE AFHFAT. B = (turbidity)
+ turbidity meter (2100N, Hach, U.S.A)E A}&-3}¢

A SA&AT. FY4G 2E & f71EY ARR
AEEE UVoass S35+ UV spectrophotometer (GENE-
SYS 10 UV, Thermo, U.S.A)E ©]-&3tad =73} th28].
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Table 1. Effect of pH On Filtration Factors for Hybrid Process of Tubular Ceramic MF and PES Beads Loaded with TiO,

Photocatalyst with Water Back-Flushing

Back-flushing pH 5.03 6.01 6.88 7.03 7.97 8.95

Ry % 107 (kg/m’s) 0.512 0.494 0.490 0.498 0.486 0.480

Ry x 107 (kg/m’s) 0.002 0.025 0.027 0.011 0.050 0.015

Reiso x 107 (kg/m'’s) 4.908 4711 4.686 4.546 4.415 4373

Rir x 107 (kg/m’s) 0.139 0.479 0.211 0.308 0.281 0.386

Water R x 107 (kg/m’s) 4.769 4232 4.475 4238 4.133 3.988

Jo (L/m’hr) 1233 1224 1228 1246 1185 1282

Jiso (L/m’hr) 117 121 122 126 128 130

Jiso/Jo 0.095 0.099 0.099 0.101 0.108 0.102

Vr (L) 2.93 2.98 3.00 3.13 3.26 331

R % 107 (kg/m’s) 0.695 0.695 0.703 0.701 0.699 0.699

Ry, x 107 (kg/m’s) 0.025 0.005 0.032 0.019 0.054 0.072

Riigo x 107 (kg/m’s) 2.659 2.323 1.487 1.475 1397 1.304

Na[21] Jo (L/m’hr) 882 908 865 882 843 824

Jiso (L/m’hr) 188 210 286 289 295 306

Jiso/Jo 0.213 0.231 0.331 0.328 0.350 0.371

Vr (L) 473 5.08 7.16 7.30 7.47 7.63
- & AR T AdoRAFg Zd29]E o &35t RE
ATk F59 2E7F 20°CE YA37] wEol
L ey | 25 B AT AL ALelBAG mdAdE HEr)
= 2e5o] 94 2k B GHH A pHol T2 1803 &
ot omet | i s A F wede] AYRawT 27 FRAE0)Z F7
) A et s Az HF FALEUisdo)e WEHE Fig. 20 YERY
= s Lo A Atk 1 A3, Fig. 2014 BE nkel o] pH7F 5.03¢0

BT : 10 s

pH

Fig. 2. Effect of pH on resistance of membrane fouling and
dimensionless permeate flux in the hybrid process of tubu-
lar ceramic MF (NCMT-7231) and PES beads loaded with

TiO, photocatalyst.

29 FEE 30 mgL, FUMY FEES

10 mg/L,

PES 79 ¥ =¥ 40 gL, BTZ 10%, FTS 10802

1AZ & pHE 5-98 WA 7|HA pHol| o

2 o3k

[¢}

2 R % I, Vi SN BEHGL & AFYoA

XH i3
ks
A

A =

R3] AFT vk} Zol, 27] 12
b ojahadgo gho2RE AAZ A7 ARy

of| A

A 8952 FHOETE Rpsofhe TA3IAL, Jisdlo
S7hete A Bt o83 A+ Zhaod HTH
[30]°] pHoll W& ZrO, &%t &9 #ste] H3lE B

gk vRe} o], Ful4ko] pH 4.5 o)A e A &

AstE YER AL pH 4550 Y& A4 2HAME
g SASHE Yehdl= Wi, Az oA el
Hol ¥HstE W glo] &2 ol FYEH

] %
o] dojup Hro o] FUHg 1o ko] HTh
o pH 7.03Rth £ ¢Ze 2ddAe &9
I, pH7} =& 47 2HolA
a

do rE B B4 k12

N = r& ok
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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 pH

Experimental condition

Turbidity (NTU)

Average treatment
efficiency (%)

Kaolin  Humic acid Feed water Treated water Back-flushing
(mg/L) (mg/L) pil Range Average Range Average Water N[21]
5.03 34.7~353 349 0.664~0.729 0.689 98.0 99.0
6.01 32.2~34.1 33.1 0.471~0.614 0.538 98.4 99.0
6.88 32.8~34.2 33.5 0.433~0.542 0.491 98.5 99.0
¥ 0 7.03 35.7~37.1 36.5 0.455~0.501 0.478 98.7 98.8
7.97 33.8~35.1 343 0.547~0.684 0.619 98.2 99.0
8.95 31.8~33.5 32.6 0.676~0.752 0.708 97.8 98.7

Table 3. Water Quality and Treatment Efficiency of UVass Absorbance in the Hybrid Process of Tubular Ceramic MF and
PES Beads Loaded with TiO, Photocatalyst for Effect of pH

Experimental condition

UV,s4 absorbance (cm'l)

Average treatment
efficiency (%)

Kaolin  Humic acid Feed water Treated water Back-flushing
L (mg/L) pH
(mg/L) S Range Average Range Average Water Ny[21]
5.03 0.251~0.262 0.255 0.032~0.038 0.035 86.3 84.5
6.01 0.247~0.261 0.252 0.031~0.042 0.037 85.5 81.8
6.88 0.256~0.263 0.259 0.034~0.040 0.037 85.9 83.4
30 10
7.03 0.246~0.256 0.251 0.021~0.029 0.025 90.2 83.1
7.97 0.249~0.262 0.256 0.024~0.032 0.028 89.2 81.8
8.95 0.235~0.250 0.243 0.019~0.025 0.022 91.0 76.7
FRm) E Ry, Reiso, Jo, Jiso, Jiso/Jo, TAETFHFH (V)= 01]/‘1 Resos H4% 1304 x 10° kg/m’sS BYIL, Jigo
LT FSot AL o] A FAE FAAA 2 AUzt 306 Lm’hrs YERAAI, Vi 94 71 =
A AN HE AA21]9F Hlasto] Aelstrh. A4 < 7.63 LE ATk & FAA Al HI79H 2re ¢
2 A7) AR =4 ERFE HAFY + 5% AZRe AR, 794 Hede AZRoe

248 Rne A FASAT. & AIHAA

E9% A% dehiA ¢

8.956% r180°] 4373 x 10° kg/m’s 0. & 7} e

S JEMU T Jige 130 Lim*hrE 718 =97

Oﬂ Vi 331 LE HUgS o

A A 2 AA e Ass §

Mgl A 24 @ A 2 F, 2014

W

) &

F ARG Hax 9
1A pH 8.95¢1 =7

Ry

teh pH7t M B

pH 5.03¢1 AN 714 =& 4769 x 10° kg/m’sS
LPE]—LHS\’}\EI ]. Zﬂ.g}f,:i ].0:17(4 uLo&ig] x161£

aste Ade e mebs e d Aol 7t
98 Ao JFS w2 Ao Hrko] HT
H3lE Fig. 3

pHYl| WE E%9 DOMS| A &9
o] A3}, Table 29} Table 3& ZH59 A4
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— 100.0 - = 100
_i;_ — - AL ———— — I. =
E 1) - % g
§ Qo b g 'ﬂi
g R @

[ —
:El & ——a 1 &6 E
% o :
g - £
£ 10 s
= Kaodin: 30 masL E
R | Humic acid : 10ma/. | o <
3 FT: 10min ¥
1 mo | TP 1.8 bar -
% MCMT-T231 Tioy, boads: 40 g/
= N - [71]

5 5 7 8 g

pH

Fig. 3. Water quality and treatment efficiency of turbidity
and UVys; absorbance in the hybrid process of tubular ce-
ramic MF and PES beads loaded with TiO, photocatalyst
with water back-flushing for effect of pH.

T4 9 AYEES 24 JAEY vn g Zoln.
Table 285 REW & 9AHY AL FIFY BEE
32.6~36.5 NTU°| 1L, A9 HF BEE 0.469~0.708

NTUZ YelfQlth. Table 29 Fig. 3914 H& Hie} 2+
o], 8o H¢ AT L& pH 7.03% A Hoigk
98.7%%5 UEFAAIY, pH 8959 HA#k 97.8%HTh
0.9% F7kste] 1 Aol FAEREIT 3, A4 o
AAe ALR211ME pH Wl B2 g ago] 7
o ARG A3E YERHSIT. Table 301+ tEZQ &
Ef71=DOMR] Frede] Aags A4 A4
A#21]13% vlaste] A eletAth. Table 33 Fig. 30 Al
B npef o] & AAA A pH 8.95%0 = AA 7H4
=2 91.0%° DOM AYEES YeEhH oY IR

e oA okt 8y A4 dAH A921]
A& pH 5.03% 24 Aol 84.5%2 DOM A g

&5 B, pH7E 7Sl me raste 4SS
UERY AT WOS/TIO, 35 E o] &3 FY4ke &3
&5 478 Kim 59 =F[31]914 He Hpe} 2ol
AL pH 6.0~6.9 Mot} Ti0,o SHH
pH 27121 2H 274 DOM A2l &°] =

=
S)
To,
ofl

e} ke
& olfr Saoleol o3 AT FAsTY §
o| Z7kstel W& AH A DOMY AYELE E
Ao B ATHel Ao HAF w AT £
FEul EWE Bas A7 MEd BEG FYA B
S E4S Kim ATY[E20904 TEF wst gol, o]
@ ke S olstel AAIA PES T A7t
FEulst FYL BA Aolel FAAH Aol Fks

. 000
NBE NCMT-T231
5.500 “".
- ¥
F 5 o -
5 2
T, 4.500 &
=
-l P
= 4. 000
Eaolin: 30 masL
Humsic acid i 10 masL T O
3 B0 BT: 10 sec & NBF
ThAP: 1.8 bar B NBF (50)
TiCiy beads: 40 gL
S0 r o y
4 £ B 1]
FT Crmird

Fig. 4. Effect of filtration period and saturated oxygen on
resistance of membrane fouling in the hybrid process of
tubular ceramic MF (NCMT-7231) and PES beads loaded
with TiO, photocatalyst (NBF: no back-flushing, SO: satu-
rated oxygen).

oN &
o
Bl
L
(D)
o
_1
2
)
ofl
>
o
o
S
R
P
T
T
i
%
lo

golA i o il7<4 A1) 2 J %lzi A [22],
E 94 ZA733] & A7 Z3pkaho] Ae} v
WAt EAP%@.‘—S— 7hed 30 mg/L, FY4 10
mg/LZ FHISHH I, PES 79 §EF 40 gL=E, 9A
2 A7 (BT)E 1022 1439

Table 4] & SAA[33]7% A4 GAA[21], 4F4 9
AA22]19] AAJAAE AR Reso %, i
o

dh RS & A BF st dAH F7I(FT,
filtration time)7} HATTE THASHAIL Jig0e —7}0}
of 7hg w2 21 FT 2894 Y A (V)
Fe de A B, & JAAPBIF i A
2219 A% BF FF5 Wl 445 237 NBF
(no back-flushing) ZZ(NBF(SO))lA  E3}4E4(SO,
saturated oxygen)’} &4 %+¥ NBFET Jigod V&
S7Ft9t Fig 4= & 9AE A FTY Hstd &

¥o P

d
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Table 4. Effect of Water Back-Flushing Period (FT) on Filtration Factors for Hybrid Process of Tubular Ceramic MF
(NCMT-7231) and PES Beads Loaded with TiO, Photocatalyst with Water or Oxygen, Nitrogen Back-Flushing (Back-Flushing
Time, BT 10 sec)

ﬂﬁ:flli:g FT (min) NBF’ gg)ll 20 14 12 10 8 6 4 2
Rax10” (kg/m’s) 0485 0495 - - - 0480 0503 0500 0514 0492
Rex10° (kg/m’) 0007 0021 - - - 0037 0029 0009 0021  0.003
Rusox10® (keg/m’s) 5617 5366 - - . 5345 4981 4723 4541 4196
Water Jo (Limhr) 1291 1232 - - - 1230 1195 1247 1187 1282
Jiso (L/m’hr) 104 108 - . ; 108 115 121 125 135
Tiso/Jo 0081 0088 - - - 0088 009 0097 0105 0.106
Vi (L) 227 266 - ; S 279 300 319 319 322

Rnx107 (kg/m’s) 0.698 0.693  0.699 0.695 0.699 0.695 0.696  0.695 - -
Rpx10” (kg/m’s) 0.003 0.011  0.026  0.009 0.002 0.003 0.014 0.007 - -
Rpis0<107 (kg/m’s) 1.695 1.699  1.665 1595 1590 1524 1448 1.385 - -

02[22] Jo (L/m’hr) 907 901 876 903 905 909 894 905 - -
Jiso (L/m’hr) 265 268 266 276 277 286 294 304 - -

Jiso/Jo 0292 0297 0303 0306 0306 0314 0329 0336 - -

Vr (L) 6.12 619 620 641 628 643 654  6.70 - -

Rnx10” (kg/m’s) 0.698 - 0701  0.697 0700 0700  0.700  0.696 - -

Rpx10” (kg/m’s) 0.003 - 0.002 0.003 0.010 0010 0010 0.016 - -

Reiso<10” (kg/m’s)  1.695 - 1673  1.635 1613 1522 1509 1443 - -

N,[21] Jo (L/m’hr) 907 - 904 907 894 893 894 892 - -
Jiso (L/m’hr) 265 - 268 272 272 284 286 373 - -

Jiso/Jo 0.292 - 0296 0300 0308 0318 0320 0330 - -

V1 (L) 6.12 - 629 642 643 664 678 685 - -

"NBF: No back-flushing
SO: Saturated Oxygen
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Fig. 5. Effect of filtration period and saturated oxygen on
dimensionless permeate flux in the hybrid process of tubu-
lar ceramic MF (NCMT-7231) and PES beads loaded with
TiO, photocatalyst (NBF: no back-flushing, SO: saturated

oxygen).
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Fig. 6. Treatment efficiency of turbidity in the hybrid proc-
ess of tubular ceramic MF (NCMT-7231) and PES beads
loaded with TiO, photocatalyst for effect of water
back-flushing period and saturated oxygen (NBF: no
back-flushing, SO: saturated oxygen).
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Fig. 7. Treatment efficiency of UV,s4 absorbance in the hy-
brid process of tubular ceramic MF (NCMT-7231) and PES
beads loaded with TiO, photocatalyst for effect of water
back-flushing period and saturated oxygen (NBF: no
back-flushing, SO: saturated oxygen).
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Table 5. Water Quality and Treatment Efficiency of Turbidity in the Hybrid Process of Tubular Ceramic MF (NCMT-7231)
and PES Beads Loaded with TiO, Photocatalyst for Effect of Filtration Period (FT) with Water or Oxygen, Nitrogen
Back-Flushing (BT 10 sec)

Average treatment

Experimental condition Turbidity (NTU) efficiency (%)
Kaolin  Humic acid FT Feed water Treated water Back-flushing
(mg/L) (mg/L) (min) Range Average Range Average Water Na[21]  Oy[22]

NBF’ 35.0~36.0 353 0.201~0.486 0.319 99.1 98.1 98.1
NBF(SO)” 26.6~31.8 29.7 0.361~0.541 0.431 98.6 - 98.3
20 - - - - - 95.4 95.8
14 - - - - - 96.0 96.2
12 - - - - - 96.1 97.0
30 10 10 33.9~35.6 34.7 0.649~0.820 0.738 97.9 96.8 97.6
8 28.4~33.3 30.7 0.662~0.721 0.687 97.8 97.2 97.9
6 34.6~38.9 36.7 0.492~0.650 0.567 98.5 97.5 98.0
4 33.6~34.7 343 0.421~0.486 0.458 98.7 - -
2 314~334 3255 0.328~0.441 0.382 98.8 - -

"NBF: No back-flushing
SO: Saturated Oxygen

Table 6. Water Quality and Treatment Efficiency of UV Absorbance in the Hybrid Process of Tubular Ceramic MF
(NCMT-7231) and PES Beads Loaded with TiO, Photocatalyst for Effect of Filtration Period (FT) with Water or Oxygen,
Nitrogen Back-Flushing

Average treatment

Experimental condition UV.s4 absorbance (cm™) efficiency (%)
Kaolin Humic acid FT Feed water Treated water Back-flushing
(mg/L)  (mg/L) (min) Range Average Range Average  Water Ny[21]  0,[22]

NBF’ 0.234~0.242 0.239 0.029~0.042 0.035 85.3 81.0 81.0
NBF(SO)** 0.218~0.242 0.231 0.033~0.044 0.039 83.5 - 87.5
20 - - - - - 70.8 66.9
14 - - - - - 722 70.4
12 - - - - - 75.2 72.7
30 10

10 0.257~0.265 0.260 0.070~0.081 0.075 714 78.5 78.9
8 0.256~0.264 0.259 0.044~0.051 0.048 81.7 80.2 79.7
6 0.236~0.247 0.242 0.041~0.051 0.047 80.6 80.6 80.2

4 0.226~0.242 0.232 0.022~0.027 0.024 89.8 - -

2 0.236~0.249 0.242 0.024~0.032 0.028 88.4 - -

"NBF: No back-flushing
SO: Saturated Oxygen
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