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Abstract: This study was performed to discover the optimum operation conditions for the advanced water treatment us-
ing the ceramic membrane, introduced the first in the nation at the Y water treatment plant (WTP). The result of inves-
tigation to find the optimum operation conditions which can continue preserving the filtration performance as well as satisfy-
ing both the economics and the water quality is as follows. In the ordinary water quality condition of the Y WTP, the opti-
mum filtration time(the backwash period), which can minimize the production of backwash waste and preserve the mem-
brane performance was examined to be 4.0 hours on basis of institution capacity (16,000 m’/day). Examining the recovery
rate of TMP from the chemical cleaning (CIP) discovered that the inorganic contaminants, which cause membrane fouling,
such as iron, manganese, aluminum, were removed through the acidic cleaning using citric acid, whereas the membrane re-
covery rate was found to be low. But, on the other hand, the TMP was recovered to the initial value from the alkali clean-
ing using the NaOCIl. Therefore, the main contaminant causing the fouling was determined to be hydrophilic organic com-
pound(biopolymer). The membrane recovery rate is highly influenced by the temperature of the cleaning chemical. That is,
the rate increased with increasing temperature.
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Table 1. Raw Water Qualities of Y Water Treatment Plant S AP FA A GAZE =Y A 229 27 F
Sl o} X Aol = o =0 3 3o 7EA
Parameter Raw Waters Z]]':]'Oi jol:?i:]ﬂ:d ;]HL 071 ch;/]g_iqf 77 \:— gm ;
Average Maximum Mimimum T RS % smEEL o mEE =
oH 79 77 6.6 g 2k 2SN & o], fFI1E o HedS
) HANA HEH &5 5 ZIINE F e AR BA
Temperature (°C) 20.8 32 8 g1 9,,1\3]-[3-6] 29 NOMO|U & - 7k e &
Turbidity (NTU) 64 188 29 4 Edol % 3T WiRelA s HEHo R
COD (mg/L) 3.8 4.4 32 Aol EdMAToZE AAY ¢ H7] W&o &
DOC (mg/L) 2.10 2.79 1.40 2tE el 8o do7.8]. FEMAHL HIE
UVass (cm’) 00525 00673  0.0404 olgl Zo] ZAH R AA} P& 2LUEHE Yo
E5E AAG7] Hste] P
SUVA (Himg =m) 27 - b FEAHOR AgHE oFEL A 4, ¢, 4
Mn (mg/L) 0.046 0.100 0.012 SHA|, AREAA Sol o, A& A {74k F
Alkalinity 267 16.0 410 Z|pto g2 o dn, 2ok A, B3k, 4R vE, 4
(mg/L as CaCOs) 27t 59 343 AL AAE BHOR st
H, 714 S50 HojuRE, 3, 4719 H, %
285kl Aok H A AUk A TR R & 27} o] 202 e AAT & 9o Fr)4t o
FAHlE Yolxloy, oA e} FeokE 9 3etokE doz AAEHIF =0 AT FEGIE MR
T 9 9 2 AHY e 98] 2 Holg COD #tol o} HAHE 7} ol ©do] It ¢z
it fr&H(Flux)S 2hefst Adulef 7] AAHlg, & AU AsAlE nAE AS 9 FUES 22 fUE
Gulg 9 AAFHE dAse 7 4 Ao, A Ao EFAQ Aoz L HTI]
SFAQHTMP) WOl whet 917-skA] Mgttl]. & F43 AAA dzxdel AT Y AFFANEDETF 1631
3} {2359 dEAE YelE 9 ARKTMP)S 2HAA m/Y)e F HZE FEE YAl Aty utels)
+3Y T8 AFo|tt. oyt P we} Hhof IEAFA S =9 o 20139 2953 H ¢ ¥
29 A5 s 2 AlF 23 AAEHE)o] B T 144 m'Y FEES AAN SE AYo FFsn
Hoj, Aol s = 2t Ak F7HETH2). 9]},
weba gEgel o3 TAaE AFHTE 5] wepa, B AFoqA s o3 PH &S HAs)st
Asl LA A F Fr1HoE dAHE AP 9 AAE AP g e Ak §AT 5 e A
AFolet ghggo] Al e o wig) WIoE & A L9048 5237 95t £ =, I4H
s FHAA HEHS Ao A A BRA o o Z A% mjEF AT HAFAIHAT ol

4 AAe AEE 2 e FAT 7 e A AR Tk FFA A
Aot HAR s AT ¢ Ao, AUAA & 2 uhaet W 548 2Aste] HF o EAMH &
AAHE o Fees A & ok, o wEs F=AE TaA sk =, CIP Al we o
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Table 2. NOM Characterization of Raw Water by LC-OCD

Approx. Molecular Weightsing/mol : >>20.000 ~1000 300-500 <350 <350
Humic Subst.
Toc D.O c POC HOC — CDOC Bio-Poly Building .
Category (total  (dissol ricul (hydro  (hydro Aroma Mol- block Neutrals acids
00) ved) (particul) phob) phil) mers (HS) ocks

ticity Weight

ppb-C  ppb-C  ppb-C  ppb-C  ppb-C  ppb-C  ppb-C L/mg*m) g/mol  ppb-C  ppb-C  ppb-C

2009/08/13 2173 2138 35 123 2015 258 886 5.00 705 427 438 6
2010/02/03 2042 2033 8 1 2032 344 753 2.50 685 493 442 0
2010/02/22 2231 2218 13 359 1859 311 629 3.86 685 428 491 0
2010/04/22 2743 2691 52 258 2432 258 639 3.62 695 484 895 157
Aver. 2297 2270 27 185 2085 293 727 3.7 693 458 567 41
Ratio (%) - - - 8 92 14 35 - - 22 27 2
Busicliry oco
N Raw water(8/13) poek
1 Rawwater(2/3) | Humies Membrane
Raw water(2/22) MM Acids ﬁ'tration
3 Raw water(4/22) ndhS channels
g (92.5mm) |
g
%'.' ’ e Raw water
" Element
o ] 20 40 &0 80 150 Membran
Retention Time in Minutes e ﬁltration
channels
Fig. 1. LC-OCD chromatogram of NOM of raw water.
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Fig. 2. Water path of ceramic membrane element in a
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AFAEAY FAEA(Humics)o) 35%F AAFL 9 H5l, Fig. 29} ol AW o] FHH O & 2

om AFAEA] 65%0|H, AFHEL = 259} 4} Fol 9fste] AH7} o] Foj7 T oAt & HJFAS

gt} S uAEE 2ls) ]38} Polysaccharides A F3ke] whA gt

ol 14%Z w¢ B Fog 2AEND Azteete] shehy 5S4 Aol frutel vl
Y Al AAd ARt eE & METAWATER al 98% olde) w2 dFes e AHE AL

Abe] 37 0.1 pme) AWATTO 2 2 44Y 320 el- Atk =P Fig. 39 A Zo] Aol A2 2 35

ement® TAE0] 9o, AFzura o LA < 7KL e g AAFES Ve R F3HF Y

U fluxs 1.5~2 mm’ - 92 LA, 4~5A7F of 3} M AL AEE A BUSE TS F 305 T

F 2370 WY dAAS AN B Yk 4E wdy PR SH0E A3, o5 S0t 20,

A B (Monolith) &2 2 Fise 2eld AUz 37 40 /2 f71et] Hla) 2~3u) o] F o Erh
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Table 3. Variations of TMP According to Filter Run Time (2013.02.15~06.15)

Average operaton flux

Filter run time TMP (kPa) Normalized TMP (kPa) (m3 i - d)
Maximum 0.319 0.412
25h Minimum 0.050 0.065 (2/151;33/20)
Average 0.148 0.192
Maximum 0.222 0.275
30h Minimum 0.050 0.062 (3/211’514/10)
Average 0.122 0.150
Maximum 0.225 0.278
35h Minimum 0.050 0.062 (4/111;54/30)
Average 0.118 0.145
Maximum 0.292 0.399
40 h Minimum 0.050 0.050 51 };2/14)
Average 0.123 0.139
Maximum 0.533 0.663
50h Minimum 0.050 0.051 (5/1;f6/9)
Average 0.143 0.176
60 h Maximum 0.612 0.704 17
(Trai.n 3, 4) Minimum 0.061 0.068 (6/10;6/15)
Average 0.192 0.241
% Normalized TMP (at 25°C and flux 2.5 m*/m’ - d)
T 2318 FF THRS w5 % wkgAZelY AT 3. ot & 1F
ofF F=o WE aREHL WEs HE3H T OE
TR TAHS 1T AZA ol Eol AFAAA F 3.1, Ho{x|HA|Zhof| mE B xR @St =AL
go] st AA A AAE FEE AHESIAT 20139 % 297E 62714 s7HY F¢ AR LA
3 Y AR Azget Zgke] 29 1071€e] | b STl e BAARE MstE 2ARE A3 Table 3
oJAHA CEBE AASAE 2Hakgt 3 &EEo] HolA 4 Fig. 49} 2ok o A ZAHMetawater)ol| A BA3SE o
1, 29 T FAYKTMP)o] 38 A& A oF st FAZE 24 7S 71F 2 20Y0lM 308 HFLE 30
249 1.5 kgflem™ 744 2740l whel, CIp 270 w B e 1A A 6A7A F7IAA 98 At
2 % JEES ZAEAT ANDAAE i WEH(1.5~3.0 m/m’ - d)ol = 2Faiet
BAAIFEE 59 2 (1) Zo] FFAH g8 2 4% 8ol 0.15~0.30 kgfiem” S WollA kg3 e
F ol BAY, ¢yt FAYOM, ¢ = fAHUY oRARE sAToE FANA L9
FAH JEE g2 4 % 2ol BAGTFEE ol FHE Aol 4N AEHAUA fF Wslo] whE
27 ¥4 EAAF}FEI wwste] Absd 2sE WEol sty AlFekglh. T vro] x| &A)

B A 7F45(25°C)
1kgf/cm?
— o] yo- A LTy A AL
124 pep ) < EERAAE ()
= A AT A o] 2}-f-45
g = 57]‘”%@;@ o gz < 100 2

e SN R ZIMNA 29 AdE RAARKLRE
25°C, A4 2.5 m/m’ - dyS ZAE A7, o FAZE
TEA M= Ajbel Ao, #7180 fAAA
(CEB)= 53t zk9to] o #x7] oz 3| & o] Mzl
Al HAkgE S7he fle A o' RAE AT

I, B A LA S 6AIEOE FTIAA 97
o] ZREE oAt A5 B o}, FAM2(CEB)
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Fig. 4. Variations of Normalized TMP according to filter run time.
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Table 4. pH of Membrane Modules in Sulfuric Acid CEB

4 A oBEy AA £G4 Bt

207

Module NO. 1 2 3

4 5 6 7 8

pH 1.76 1.82 1.82

1.78 1.76 1.74 1.69 1.71

Table 5. CEB Conditions

Parameter Concentration reaction time CEB cycle
(mg/L) (min) (times/week)
H,SO04 3,000 15 30 2~3
NaOCl 200 15 30 1~3

3.2. AEMH(FA, =teholl Mg A2tet ontds
=

3.2.1. CEB =0l W& =it w3z}

Y A5 FAAA SHA(A-PAC) FYHHFS 2.0~25
mg/L(as ALO:)E FAFAE AFdoz Agshe &
e v A doHeR HEgor FUFHI 9o,
SF kg AR dFojFo] o3 woge] TAE
AT} Gabelich 5(2005)2 Alume &3t 3/&3}

AA g FAol ALH NFROZ AAA 354 &
dFuE 9 LT AgACIE o 2o
3 A% Ayt dAEg . Rustyo10]. shA T

gro Ao ZF dFuEel] o3 ede HyH

o, 43 ZAas G2uFLS 9 pHO

dl7h Ao

ue} SRR, 18N 2 AHER T 4 doldt
P2 3} Jpestez AFAHA dRulFel 2%
oo o HAAE mhoto] JQadit) ke AF 5T 2F
FE7F A AEH o, vA=E <89 (Biopolymer)©l
ok Hed AT S ETHILI12]

Algte et A 2P A (Y E MetawaterAh) ] Al Qtell w2
W 4FeE 48y Bl EAS 58402 AAS
7] YA AHE ol &3 FAAH(CEB) §99 pH7}
2 Jxolojof gt} A wE= o]2H 07 pH 25 g
F7] A3 Ak FAFEEE 900 mg/Lolut, A FA ol A
= 34 9 w3l 93t £2RE s ZE ¥ BE
W pHE 2 st g A o2 {FA37] 95t &R
=2 752 34k 3000 mgle FYT F REHEZ
pHE 243 A3z REHE U4 o7t 9oy, e
EEo] pH 1.8 o]8tl 2o & FIH U THTable 4)

59 F¢ o) BE IAHL2 A3 Ao ® AAE)
¥om, CEBE 34t 3,000 mg/LE F 23], 2o} A4t

YEF 200 mgLE F 13 AAGH. 18 &7
st Algte et AzAAAA AT Cclp =8 F714
67hgo] A 78 o] Fo|x 9 waete IA F71E
A ¥ A2 Yehy 7 WA 24 9 CEB +%
o] AR o] FojHTH, F 337 a4k L fold Aat
UYEE CEB7} A=HbegE 671€ o Azt o
He2 AT F e AR ZAHUG

79 0% 47 £EE £2% Z71E 28 2 Fluxr}
S7Hgel mEt 2hakgte] FUbE oY, 7E 195E 8¢
2687 ARGz wet gARNE FTMEHA R
CEB o|% o#%z7] o2 3 HH«= 208 Ueyith 3
A5k 9Y o] F Y5 F 27/ MAGIF 34 o) TTHAHY
9,4867/mL, H1 8,82971/mL)3t7] AZEHAAM, CEB 3
BEo| AslE o] Agto]l MA3| st AR Ve
t}. ol ZFNAS VIR 8] FRolty fUE d
nAEe] FeAg Tl o8 AgE 1EA f1=2<
polysaccharides -] Z71Hg ol wheh 2t shgio] LA
o] whxjgte] F7he Ao g AAHTHI3]. Alazmi= poly-
saccharides$} T Ay} 7o 18R 31359 79 o 2
e o Bo] FEATIH olF EHo] £ EAT 7
S 2 9do] & FUIRITAL ST 14].

upeba 25 A STk mE wARE S7HE 2] 9
o EYYME F71E 7]E SAREIA 4NEeE FY9
gslom, A2 CEB 2924 T2 3l Table 59

] CEB HH3AIZE 2 W= Z7to] w2 vt 315 &
HE B4 20139 7€FE 119714 CEBo| w&
g9 2R HEE 2AE Avks Fig 59 2tk
A ]E 15804 30802 %7}
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Filter run time : Shr Filter run time @ 5hr
Flux © 1.81 m/m'-d Flux @ 1.84 m/m'"-d
1.5 Acid CEB : 2 time/week > Acid CEB © 2 tim: I S
- . NaOCl CEB: 1 time/week NaOCI CEB: 1 time/week
E 13 ~| Reaction time : 15min Reaction time © 16min
= PACI © 20ppm PACI © 25ppm
® 11
= R = L
£ os = - train no.1
= train no.2
0.7 - -
3 .
= 05 « train no.3
g - train no.4
2 o3
0.1
7/8 7/10 7/12 7/14 7/16 7/18 7/20 7/22 7/24 7/26 7/28
Date(mm-dd)
Filter run time : 6hr
Flux : 1.76 m/nf-d
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= N
B 11 = S
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01 T T u T T R T R T T
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H v
=
w11
=
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F ;
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’ e
. LR s
01 it et ; A Y e A LS
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Filter run time : 4hr
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:‘\E 13 . § M PACI @ 26ppm N ¢ I K 1
$ : I
“_‘.'. 11 + 5 = 1
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Fig. 5. Variations of Normalized TMP according to CEB conditions.
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Table 6. Ceramic Membrane Flux Recovery by CIP Process Step
Parameter TMP2 Flux Nor. TI\/ZIP Water Tem. coef. Nor. Flux  Rec rate  Chemical
(kgg/cm”) (m/d) (kgi/cm”) Tem. (m/d) (%) Tem.
Before 1.45 1.68 1.24 44 1.73 2.01 7.2
Train 1 Citric acid 0.4 1.11 0.58 8 1.55 4.29 15.5
NaOCl 0.03 1.19 0.04 83 1.54 60.74 218.6
Before 1.68 1.68 1.44 44 1.73 1.73 6.2
Train 2 Citric acid 0.51 1.18 0.68 7 1.60 3.70 133 30°C
NaOCl 0.06 1.21 0.08 8.3 1.54 30.95 111.4
Before 0.87 1.68 0.75 44 1.73 3.35 12.1
Train 3 Citric acid 0.43 1.18 0.61 9 1.51 4.13 14.9
NaOCl 0.07 1.20 0.09 83 1.54 26.40 95.0
Before 1.34 1.68 1.15 44 1.73 2.17 7.8
Train 4 Citric acid 0.51 1.10 0.79 10 1.46 3.17 11.4 10°C
NaOCl 0.35 1.18 0.49 9 1.51 5.06 18.2
3 The beginning ceramic membrane normalized flux : 27.78(m’/m’ * d)
Table 7. Concentration of Inorganic Cation in Cleaning Polysaccharides 3 £°] 14%Z E} Aol vl =of
Chemicals (Train 1) A 871 EA 93 v 9L nx= d3o] ¢

Concentration (mg/L)

Parameter
Ist (Citric acid) 2nd (NaOCl)
Al 82.1 8.8
Mn 306 0.112
Fe 7.8 6.6
Cu 0.09 0.004
Zn 0.16 0.015
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