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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. We were investigated effect of water-back-flushing time (BT) and water-back-flushing period (FT) to
minimize membrane fouling and to enhance permeate flux (J) in the hybrid process, and tried to find the optimal operating
conditions. As a result, resistance of membrane fouling (Ry) was slightly decreased according to increasing BT. Also, the
shorter FT was the more effective to reduce Rr and to enhance J because of frequent water-back-flushing. However, the op-
timal BT and FT conditions were 10 sec and 8 min respectively when operating costs were considered. Then, the optimal
conditions derived from our experiments of modified solution were applied to lake water treatment. As a result, average
treatment efficiencies of turbidity, UVass absorbance, and CODwa were very high as 99.11%, 91.40% and 89.34%, re-
spectively, but that of TDS was low as 30.05%.
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Table 1. Specification of Ceramic Membrane used in This
Study
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Table 2. Specification of GAC Employed in This Study[27]

Membrane NCMT-7231
Pore size (um) 0.1
No. of channels 1
Outer diameter (mm)
Inner diameter (mm) 6
Length (mm) 252
Surface area (sz) 47.5

o -alumina coating on

Material .
@ -alumina support

Company Nano Pore Materials (Korea)
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Aoz ARAFAY A, 9AH A 9 F719 W
7h et st ?rﬂr**—’ﬁfﬂl NAE Y AoEgton,
EECUE A8e goluyt EF,
1 Az HH E%EA HH e 208 44 5259
Hgste] EHEFRHOR AERFFAY s

2. 0| E(27)

PAE FHoZ = B2y FHNAM A=
A A Egade dutrgow 2 4 HE o5}
A mdo oA 4 (DI Zo] YERE £ ITh31].

AP

TT BT RTER (1)

7|4, J= Eapido] 1, APE I TMP, Trans-

membrane pressure), Ry& BHabAof 9§k A& R,= A
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Parameter Average value
Mesh size 8 x 30 mesh
Moisture 2.8%
Iodine number 1,058 mg/g
Hardness 95.8%
Bulk density 0.48 g/mL
Rb+Rf=A—JP—Rm 3)

2 3y ol 838t & Ry + Ry #h& ATkl thstod

SN & Az Azt tiste] 1 gho] MY H
o2 Zrkste FAA HFH A4S P 73
AL AAEA t =0 (Re = 0)o) 49 Zro] Ry7} E
t}. o]Z8A T3 RyE Ry + ReellA #lFH A7 8ol
o0& RE 78 4 U

3.1. Ay Mg ¥ FHE
3.1.1. Mz2tg] Fajat
B AT AL 38 Ahd Ao Z39(NCMT-
7231)2 tubular type2Z @-alumina A A F] 22 A
A9 g-alumimaZ IFH g AW, 7] FaA(F)ol
A Y. £ ¥471837E 0.1 pmo]iL
Fagd -3— 47.5 cm’o|t}. Table 101]‘“ B c':‘:r"oﬂ/ﬂ
AHEE By Aete Ado e AdE A3
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1.2, AMEMENGAC)

ARG HGAC)S FAH & oA E48E 79
&) AL23819 0™, Table 201 GACY 4L Ye
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o A2 Bk 28 AEE T3l doljd ¥
Ad 1~2 mm 37|19 GACE PlA S YAE AAsH
SEI %%—’FE 3~4¥ 7 o, 105°Col A 247
T A=A F AREATH27.

3.1.3. it Al
3.1.3.1 BAISS
dralgel ol He AddR7IE T 4% FE
AAsE FYHEAS BEE & 4 FNE
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0: off, 1: on

(1) Feed tank

{4) Stirrer

{7) GAC

{10) Bali vaive

{13) Backwashing tank

(2) Feed pump

(5) Flow meter

(8) 100 mesh sieve
{11) Electric balance

2) (10}

(3) Cooling system

(8) Membrane module
(9) Needie valve (controlj
(12} Solenoid vaive

(14) Nitrogen vessel

Fig. 1. Apparatus of advanced water treatment system using hybrid module of ceramic microfiltration and GAC adsorption

with periodic water-back-flushing[27].
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Table 3. Effect of Water-back-flushing Time on Filtration Factors for NCMT-7231

Experimental condition

Filtration factors

FT BT Rn x 107 Rpg x 107 Jo Jiso Yl Vr
(min) (sec) (kg/m’+s)  (kg/m’ - s) (L/m’ - hr) (L/m’ - hr) 18050 (L)
NBF* 0.49 242 1199.85 214.99 0.179 4.66
6 0.49 1.98 1096.68 247.71 0.226 4.58
10 10 0.49 1.76 1246.97 280.29 0.225 5.39
15 0.49 1.75 1266.53 281.81 0.223 5.59
20 0.49 1.73 1273.36 285.22 0.224 5.35
30 0.49 1.68 1219.31 288.88 0.237 5.32
a : No back-flushing.
1.000 ¥ 4.50
NCMT-7231 BT=30 sec —m— BT=30 sec | « Kaolin : 30 mg/L
0.900 § (TMP: 1.77 bar) BT=20 sec 4.00 | —a— BT=20 sec | « Humic acid : 2 mg/L
- —e—BT=15 sec | * Packing fraction
0.800 * g;g oo 350 || —e—BT=10sec | of GAC : 24.05 %
0.700 | —¥— BT=6 86¢ — —*— BT=6 sec
- NBF w300 1 om NBF
0.600 | €
o » Kaolin : 30 mg/L. g2s50 @
3 o050 * Humic acid : 2 mg/L fﬁ g 2
0400 b + Packing fraction L, 200
of GAC : 24.05 % =
0.300 &1.50
0.200 | B 2o 1.00
0.100 F NCMT"7231
0-50 (TMP: 1.77 bar)
o000 e‘o ' 1;0 1 0 0.00 ' ' ) ‘
o 80 - 90( n) S0 18 0 30 60 90 120 150 180
me (min Time {min)

Fig. 2. Effect of water-back-flushing time on dimension-
less permeate flux for NCMT-7231.
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Fig. 3. Effect of water-back-flushing time on resistance
of membrane fouling for NCMT-7231.
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Table 4. Average Water Quality and Treatment Efficiency in the Experiments for Effect of Water-back-flushing Time using

Hybrid Module of NCMT-7231

Experimental condition

Turbidity (NTU)

UVss4 absorbance (cm'l)

FT BT Feed Treated Treatment Feed Treated Treatment
(min) (sec) water water efficiency (%) water water efficiency (%)
NBF* 33.30 0.09 99.73 0.042 0.001 98.05
6 37.20 0.11 99.70 0.045 0.001 97.33
0 10 38.60 0.12 99.70 0.044 0.001 97.32
15 37.60 0.11 99.71 0.041 0.001 97.52
20 38.50 0.11 99.71 0.045 0.001 97.34
30 39.20 0.11 99.72 0.040 0.001 98.37
a : No back-flushing.
1.000 &5 B A5t B9 R0l I A&
vsoo b qhouTrst [ —e—FTZmin B8 ¥ 49 AYsHA BRItk olHT Rk
0.800 —e—FT=6 min 2yjute] 27 B4& AAse Fad AU Ao
—e— FT=8 min - = =
0.700 —%— FT=10 min 7, Table 49+ BT 3} AgolA FF59 A
000 [\ e o W 4 9 F7 ANEge AYAA I
Sos00 | - Humic acid ¢ 2 ma/L Fo] PF BEE 33.30~39.20 NTUO L AHel+9 &
0400 | T e % EE 009~0.12 NTUOIow, 2E BT A
0.300 | 99.70% ool H¢ HPEA L Ui mehA
oz | R . — B 7o) 443 B8 Ay gcdee 2 A7
0400 | of B S5EtHA AAARJA S A T F AT
0.000 : : - : 281 FEFY BE UV FFET 0.040~0.045
T e em'9] MG, 2|5 HF UVas FREE 0001

Fig. 4. Effect of water-back-flushing period on dimension-
less permeate flux for NCMT-7231.

NME Regodt N/l ALl ¥l AFHE BHoH,
JigeS BT7 ool weh &F F7) 3te A2 U
byttt 39, Ve BT 15204 BT 3025 Ji5°]
O 2oreo s B8l 559 L2 7 A YEbgT
1 ol BTZF 20%9 3024 W] BTZF 15 sec’l &
ABRT Jigo2 T E%AT, BT7F Zojd wet & o
FAZre] 2487 ELE AFETh Tt Riso,
Tiso, Jiso/Jo ZHolA 2w, 37 BT 272 302 |1
Vr ZHME 15294 ¢ & A} 28U BT 10
~30%200 A 24 Reiso, Jiso, Jiso/To, Vr EF & Aol &
nolx gkgttt whebx BT w3l Aol HZH BT, 9
YA A4S 98 1022 AAs9h BT 102 27404
Vie 539 LE, BT 1529 24 tgg02 F HAZ &
vigholth, 18l Ry BE 2704 049 x 107 kg/m'
-2 FYsgE, o)Re ZASYeE AYsy] Aol

em' 2 UEN HF HYEEL 97.32% o) HOE B
UEelstth ooz wol #Y AE AHYo ey
GAC &4 580 §£& #7189 AAd & A5
S HolE AL ¢ & stk

4.2 A9MH FOI(FT) o g

AN H AZKBT) B3 Aol #FHE HF BTZRA
1022 T3 F, 943 F7]90 dHAAKFD S s
N7 EA oo wE Agg AHHYT FT W3 49
AL 2, 4, 6,8, 10802 7tz W3lA 718 A
V&Y Tk Fig. 4ol= FT #alo] o}

J/JOA tﬂﬁ} Uebdth Fig. 4o Yebd upe} 3ol
FT7} Hg e 28 9 g B2 0.5 Uehile
o, SAAZE 308 o] TJJMJ.%E 7 A fA
gtk oA FAH o] Wi &FE Ho g dA7}
F5 4 7] dEolH, o]& °J6H 7}75} =L 11,5 UE
Witk 9, FT W3l Az FTY Wy} o
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Table 5. Effect of Water-back-flushing Period on Filtration Factors for NCMT-7231

Experimental condition

Filtration factors

FT BT Rnm x 10°  Rego x 107 Jo 150 Vr
(min) (sec) (kg/m’ - s) (kg/m’ - s) (L/m’ - hr) (L/m” - hr) Jiso'do L)
NBF* 0.49 242 1199.85 214.99 0.179 4.66

10 0.49 1.76 1246.97 280.29 0.225 5.39

8 0 0.49 1.64 1273.81 296.84 0.233 573

6 0.49 1.52 1268.53 314.40 0.248 5.74

4 0.49 1.48 1216.78 316.93 0.260 5.74

2 0.49 1.43 1266.56 328.17 0.259 5.97

a : No back-flushing.

4.50
—=— FT=2 min * Kaotin : 30 mg/L
4.00 —4—FT=4 min | * Humic acid : 2 mg/L
—e—FT=8 min * Packing fraction
3.50 | e FT=8 min of GAC : 24.05 %
53.00 —¥—FT=10 min
~« ] ---F3--
. B-- NBF
@250 +
=2 e
T 2.00
o
&1.50
1.00
0.50 NCMT-7231

(TMP: 1.77 bar)

0 30 60 90 120 150 180
Time (min)

Fig. 5. Effect of water-back-flushing period on resistance
of membrane fouling for NCMT-7231.
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Table 6. Average Water Quality and Treatment Efficiency in the Experiments for Effect of Water-back-flushing Period us-

ing Hybrid Module of NCMT-7231

Experimental condition

Turbidity (NTU)

UV3s4 absorbance (cm'l)

FT BT Feed Treated Treatment Feed Treated " Treatment
(min) (sec) water water efficiency (%) water water efficiency (%)
NBF 33.30 0.09 99.73 0.042 0.001 98.05

10 38.60 0.12 99.70 0.044 0.001 97.32

8 10 38.10 0.12 99.70 0.042 0.001 96.84

6 35.60 0.13 99.63 0.040 0.004 90.65

4 37.90 0.20 99.47 0.041 0.002 95.47

2 34.50 0.11 99.67 0.042 0.002 - 95.67

a : No back-flushing.
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Table 7. Average Water Quality and Treatment Efficiency in Lake

Membrane and GAC

Water Treatment using Hybrid Module of Tubular

Hybrid module

Tubular membrane

Items Feed Treated Treatment Feed Treated Rejection
water water efficiency (%) water water rate (%)
TDS (mg/L) 57 40 30.05 57 55 3.81
Turbidity (NTU) 16.50 0.15 99.11 11.90 0.16 98.60
UVasy (cm") 0.084 0.007 91.40 0.067 0.039 42.15
CODw» (mg/L) 15.01 1.60 89.34 9.24 3.05 P66.97
g, ELFTAHE AA ThFd HEINHS A9 30.05%% 3.91%= HluAd & Aolg HYT. meEbA
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