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2 of B AFgNE AEAFAHAE Hete 2E Ure 39 Aty gdojzet &5 Aol Ftol iy 24
(GAC)S ZA¢ 4 &S ALstdt A5 45 59 A4 F71ENoM)F 1Al 771 4AE dAS] A8, 79
(humic acid)® 719 (kaolin) UA}%C’“ < EH*POE g EAEA OM o s Higsty ERALNS TN
Asted 108 FAZ 102 B¢ 24 FAHS AFgstget. 1 A7, §949 557} 10 mg/LPH 2 mgLE 9AHS
WA 7o) we} 2o el ol xﬁsc}(RfM Zasa 17} 17}0}04 2 mg/Lol A 7}7& 2L 2AARIY(VHE 4L F 9
o 39, B 2 UVes F35Y A& T 9936% 2 97.19% ol o2 $5ata o, FU4Y F5 10 mg/L

23 N

A E3E F %101 Aoz 4=02 Uv2ss F3=9 HYEEL 90.84%F thh fasth

Abstract: In this study, we used the hybrid module that was composed of granular activated carbons (GAC) packing be-
tween module inside and outside of tubular ceramic microfiltration membrane for advanced drinking water treatment. Instead
of natural organic matters (NOM) and fine inorganic particles in natural water source, modified solution was prepared with
humic acid and kaolin. Na-back-flushing of 10 sec was performed per every period of 10 min to minimize membrane foul-
ing and to improve permeate flux (J). As a result, resistance of membrane fouling (Rs) decreased and J increased as concen-
tration of humic acid changed from 10 mg/L to 2 mg/L step by step, and finally the highest total permeate volume (V1)
could be obtained at 2 mg/L. Then, treatment efficiencies of turbidity and UV,s4 absorbance were excellent above 99.36%

and 97.19%, respectively, but that of UV,ss absorbance for only microfiltration without GAC at 10 mg/L of humic acid was
decreased a little as 90.84%.

Keywords: ceramic membrane, GAC, hybrid process, microfiltration, Nr-back-flushing
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Table 1. Specification of Ceramic Membrane used in This
Study[28]

Membrane NCMT-7231
Pore size (pm) 0.1
No. of channels 1
Outer diameter (mm) 8
Inner diameter (mm) 6
Length (mm) 252
Surface area (cm’) 47.5
Material a -alumin'a coating on

a -alumina support

Company Nano Pore Materials (Korea)
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Table 2. Specification of GAC Employed in This Study[27]

Parameter Average value
Mesh size 8 x 30 mesh
Moisture 2.8%
Todine number 1,058 mg/g
Hardness 95.8%
Bulk density 0.48 g/mL

Coricentrate

Permeate @

Backwashing
Tank

0: off, 1:on

4
N

Discharge

L 2
Discharge

Fig. 1. Apparatus of advanced water treatment system us-
ing hybrid module of ceramic microfiltration and GAC
adsorption with periodic N>-back-flushing[30].
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Fig. 3. Effect of humic acid concentration on permeate

flux for NCMT-7231 with periodic N»-back-flushing.
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Table 3. Effect of Humic Acid Concentration on Filtration Factors for NCMT-7231

Humic acid concentration (mg/L) 10 (No GAC) 10 8 6 4 2
Rax10”7 (kg/m’ - s) 0.565 0.520 0.522 0.483 0.525 0.532
Rpx10” (kg/m” « 5) 0.100 0.056 0.057 0.050 0.011 0.023
Re150<10” (kg/m’ - s) 23.05 7.59 6.03 4.44 3.14 1.58
Jo (L/m’ « hr) 955.1 1102.1 1096.1 1192.8 1185.4 1144.6
Jiso (L/m’ + hr) 26.8 77.8 96.1 127.8 172.7 297.0
Tis/Jo 0.028 0.071 0.088 0.107 0.146 0.259
Vr (L) 1.45 .2.51 2.19 2.80 3.87 5.68
1000 Humic acid conc. £ Vil 145 L9E 22 7 ATk o|Hd Ade &
o0 ) -~ 10mg/L (No GAC) Aol 438 ol FYAL FFala My Fud
e duel 9odel WG AAVTE AE HOIE Aol
0.700 —e—6 mg/L
i -—e—4 mg/L
0.600 F —%—2 mg/L
3 0500 | * Kaofin 30 mo/L M2t HZojntet gAMet EMEHY 2HEE H|
= « Packing fraction
0.400 |} of GAC : 22.05 % Hg ¥ Azl =H
0.300 & Table 4= FY4He F% W3l APA Fg9
v . Adeed 4 A AAEEE AANA. 39l &
0100 | RN AT i =% £ 35.28~38.64 NTUO|Z o1, A+ BEE 0.12
S T e e 30 100 120 140 160 180 ~024 NTUR 559 B AHJEEE 99.36% ©|F2
Time(min) 2 58 AAES et ¥, FF5FY UV
Fig. 4. Effect of humic acid concentration on dimension- FPRc= ;{s‘rq Ao =Tyl Z7)ete) whel old B g s
Lf;scsk_girslilie;: flux for NCMT-7231 with periodic Np- & 0054 "B 0254 em' 2 ZAHAT, BHBL
FUHA FE& AFE A AYFY UV254 &%
OB QAENES TUT A4 FYA g A8 EE A FETY FYA T2 9F= Lo} 0.001
E Hnd 243, 4agdees #48¢ 9 ok 4 cmFE 0.007 e 2 F7h8HG o ALY X &L 96.89%
A e WETh 2,534 =94ch o] 2 yelstt}l. Fig. 2~Fig. 4014 wtedd) o3
g, FULtY = d8e] wE o 349 A3} Agst Bd&or Ay B ug o, YAEAEE
Rn), 180 24 F 2299 A (Reis), 1808 &4 FUsA & A Aty FRhoFEtes FeEit
T B L), 27)EFANLE,), 27 EBAE o o] 3| Xﬂ?ﬁElZ] Z8td Y UVey S3EE
& 180% A F EFRML vl(UJiy/l), THT F 0.021 em'E 90.84%9 AE&E Btk FEabe
FEI (Voo et 35 Table 39 A 2}3t%Th Table SE=EE M 299A F2 A 76?4_0:]-"}‘:—'1"’” ol af
394 HE uieh Zo], FHitY FEvt sME @e 2 AAZ & fou, Bredo] Zad e} 2 B
mg/L §4& AL E A9 Regd 1.58x10° kg/ HAE Aol Fol st FE4to] AAR F UAR
m’ - sE 7PF Wokon, st 297.0 L/'m” - hr2 7}% Aog At AT, SRS FYA ¢ 737"—
A YeE, 7P e Vgl 568 LE A& 4 oo A= Fhedol 93t F= FE gE= Ay 4
ol AT % o, %‘uwur e AAs {780 AHRLE 99.36% AAF ], RS FIT 3P 9}
H2he] ool Y EAFAHE o] &3 A5A AR AP a2 &S e
Al HREE Yo F8T 8olgE AL ¢ £
AT, =3, FLHF FU4E 10 mgLe) 2HoA A4 4. 4 B
ZAGS FUNA EAE W Reiso %ﬁ%“é}x} P& o
B} 30490 F718A Jigod 0.3444] ZHadtel 71 A 2 dFdA e 1gE 449 ArAeE st
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Table 4. Quality of Feed and Treated Water, and Treatment Efficiency in the Experiments for Effect of Humic Acid
Concentration Using Hybrid Module of NCMT-7231

Experimental condition

Turbidity (NTU)

UV2ss absorbance (cm‘l)

Kaolin (mg/L) Humic acid Feed Treated Trfeatment Feed Treated Tr.eatment
(mg/L) water water efficiency (%) water water efficiency (%)
10 No GAC 36.02 0.23 99.36 0.224 0.021 90.84
10 38.64 0.24 99.38 0.254 0.007 97.19
10 8 37.56 0.19 99.51 0.202 0.005 97.63
6 37.50 0.16 99.57 0.143 0.004 97.56
4 37.22 0.13 99.65 0.095 0.003 96.89
2 35.28 0.12 99.65 0.054 0.001 98.51
o, Bd AAE AT AY A B ge §E F THFY BEE 3528~38.64 NTUO I, A 49
7= AAE AT AT FATAL e vE BEE 0.12~024 NTUR €59 37 AHage
2 FAsSTh olgd &4 FANA TS e 99.36% o}do.& Ueyth £%, 35T UV, &%
< Hagsly] sk, HEAH FHUACR FHE & EE Y w57t SU1g whek nlE st St
A YR 108 F712 i dAH S 1024 AL, FARE FAHA 4 BE AYsty AYF
AAstgor, £& f71E8S UAS FU4 529 ¥ o UVoss FREE A 35579 FIUL s59 9%
3 dPCENEH e 2 428 48 4 9ddn. & ol oA FTbstR oW AP AEL 96.89% oL
FEte E=7F 10 mg/LolA 2 mgLE Sold 4 E, 2 UEst @4d8s FUskA & A¢ Agd A
SR WE Hod NG Ryt gASA Tast Yojgto g Feike] F&38] AARHA Edtd UVos
o, 1808 4 ¥ HF Ree FUA 2 mgLolA A THEE 90.84%9 HEYEEE RYoY, 59 A
e BT wats, FEe] 57 Rl A4 E v EE2 A ge B
T 84 2 gede] Fkete e 4 £ AU
E, FUY] w5t gold S g, o g M3 % oz d
Yuof FIAL 7t gutetAl Hadte 1808 A F
7F S7bek T 2=, Ryt 7 e FEake] 5% 2 1. I. C. Park, J. W. Park, J. K. Shin, and H. M. Lee,
mg/LY ® 7HE 2 JE UeiY. =g, 23938 “Dynamics of high turbid water caused by heavy
FRAE JLE 9N F94 B2 2 mgLd W 1 rain of monsoon and typhoon in a large Korean
=00, FY4 10 mgLdA 49 FURS o reservoir (Andong reservoir)”, Korean J. Limnol,
180% &4 F VIJF FUHA 2ok W} 2.53u) 38(1), 105 (2005).
=T FYAY] 357 UM B mg/L & A 2. S. 1. G, K. C. Geun, and H. S. Jin, “Daily varia-

68 LE 9& & itk ol 4342 £ o,
FEAEE 22 f7]1E0] Ay Ao} BT &
BEH= ol & ArAL A HeFge doE T8
g addoghe AL ¢ & MU =Y, YT FUU
10 mg/Le] 20X B4ee YA G o F
HoHAl WL W Ho R 3.048 F7kste] 7Hg A
& ViE 9& 7 YSled, gl 49 ¥ F
A4S FHs ARty R e Ags 9

tions of water turbidity and particle distribution of
high turbid-water in paltang reservoir, Korea”,
Korean J. Limnol, 36(3), 257 (2003).

3. I. K. Shin, J. Hur, H. S. Lee, J. C. Park, and S. J.
Hwang, “Spatial interpretation of Monsoon turbid-
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charging surface water, Korea”, J. Korean Society
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