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Effect of coagaulation on ceramic microfiltration membrane fouling
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Abstract

It is well known that coagulation pretreatment can reduce foulants prior to membrane filtration. The purpose of this research was
to investigate the effects of coagulation on fouling of ceramic microfiltration membrane(0.1 xzm) using pilot plant of 150 m3/day/train
capacity. Train A membrane system has pretreatment process of ozonation and coagulation while train B has only coagulation.
Two types of coagulation operation were investigated: back mixer(rapid mixing with or without slow mixing) which is a conventional
mechanically stirred mixer and an inline static mixer. Ozone dose rate for train A was 1 mg/L and ozone contact time was 12
min. The coagulation dose(PACI 10% as Al.Qs) rate was changed 20~40 mg/L according to experimental schedule. In this
experimental conditions, the coagulation of back mixer type with rapid mixing(GT=72,000) and slow mixing(GT=45,000) was the
best effective in reduction of ceramic membrane fouling regardless preozonation. Especially, the effect of inline static mixer was
sensitive to change in water quality. Ozonation mainly affected irreversible fouling rather than reversible fouling in accordance
with less adsorption of NOM on the membrane surface. Thus, the increase rate of the nomalized TMP(trans membrane pressure)
at 25C for train A was relatively lower than that of train B under same coagulation process with same coagulant dosage. The
best performance of ceramic membrane appeared in case of combined process with ozonation, therefore this integrated process

is able to archive less coagulant dosing and secure a stability of ceramic membrane system.
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461 f——



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.459-469, August, 2009

Table 3. BAIY =stetA HItE 2st 2M=A
Run "ozt Eolutal PACI(mg/l) Flux(m/d) H| 11
Run 1 217 ~ 2/20 ISM 30 25
Run 2 2/20 ~ 2/21 ISM 20 25
Run 3 221 ~ 2/20 ISM 40 25
Run 4 2/23 ~ 2/26 RM 40 25
Run 5 2/26 ~ 3/1 RM 30 25
Run 6 32 ~ 38 RM-SM 30 25
Run 7 35 ~ 38 RM-SM 20 25
7P FoF AAYG A E FUTEE 1 ng/loldd AT FH7PIkser A Ul T He The
H, BAES Aoz ¥4 glol A4 Y 9471 & ﬂ?iE}. 0.06~0.14 mg/L (B¢ 0.093 mg/L)«l HE A F- =
& sl eS¢ 5 Stk
3. A4y}
3.2 Inlline Static Mixer(ISM) ZstgtAlo] 2tzbxFt
31 &= =7 EAM of o|xl= &t
Akl B HExL 6.18 NTU FAE TG 7 dRbE o2 AR H o] Z3hal

(3.83~10.2 NTU) 0.2 & ¥3l7} glolom, 949 +=2
7)ol whet 7.0~12.1C% Wake] 45 glch 959
H71% FE=DO00)+ H+t 2.37 mg/Lelor,

UV254 F4% %2 DOCE v+ SUVA((L/mgm) gk

(o)
huy
K

Back mixerE ©]€3t 7|A]2] E3lolc}. T2y HE 7141
E3PgA7F o= sk 71 AFAIR Zokgt oA 4]
1 fXAEHE A4 539 22 S 557 Y3

ET dYoa= 4
Pl Z3HA] (Inline mixer) ©] A8/ T7H5=Alolth 5

E
i 1.88%A4 7P IzFeet & st floles & = vk 3], oA AFEUTe] 354 - ol = ghejos)
(Fig. 2. 79 7% Aal538l7} Flocculation Rrt 32817 ot
o}-&2] Fig. 3011*1 T Qo] BV IRE &1t Al of wtojn} FAell= 71A14] ZsPA| et £37}F XA 0
o F WY HAEEE 0.046 mg/L (0.037~0.064 2 FUsH) ol 3= ) Eahikao] o wWol 19
mg/L) & 54| °L9k ”4, A O F ok 20%7F L0 = FA0IHG(Kim, et al. 2007; .Choi et al., 2004).
14 3.0
Raw Water Raw Water
O 12 | »
g 25 L
- * >
g0 } * o_* o < ‘s
< +* .. » a 20 | 5 L} »
;3 i o.. .:.' -:: R e L] LY
— 1.5
E e . " * * 3
< * . . =]
H o4t * . Tene, £ 10
o 3 +TOC  »SUVA
— e ElE = F o5
0 ! ! 1 ! ! ! ! ! 0-0 ) . ) ) ) ) , , .
2M1 2116 2121 2126 313 318 3M3 3M8 3i23 3/28 2/6 2111 2416 2/21 2/26 3/3 38 3/13 318 3/23 328
Date Date
Fig. 2. =3taHAl "o |7H S¢ot |5 ElT DOC, SUVA 5t



gzl - x2S - g2 ot =SR] =g
237 435, pp.459-469, 8¢, 2009
0.08 0.16
007 | Raw Water * Total » Soluble 014 | A Raw water
- —
006 | = 012 | e
o v +« * =] L]
5 005 | . * * E o010 | “
£ * . P ] - -
z 004 | st % w 008 | s -
= o023 | 2 i =
d |E 0.06 o
0.02 } - 004 |
001 | s e . = 0.02 |
0.00 L L L L L L L L L 0.00 ) ) ) ) . . L .
216 211120116 2121 2126 313 318 3113 3118 3123 3128 2111 2116 2121 2126 313 38 313 318 3123 3128
Date Date

7R Fo] F2o]=9) 0.01~0.1
Zth= AR 7125 Far sk
12 A 74 Alel% Z3fado] 97 2R Bk
At (Clark et al., 1994, ¥zl &, 2008). 1&vt #A)
7HA Barg Azt a5z 7w v ol et
stelof uks oo R skl glo] Algte] Agdoizet 37
o] A-g3t7]elE ofefgol itk wehy EPENE| A
% Inline static mixer& ©]-&3fo] Bojz} 21obs}e] v]x|
= oﬂ 6]:_9_ /\Lﬁ y_ol-q
Fig. 4@+ Flux 2.5 m/m-delx AeE Aed d5s
Inline static mixer® F4aRE A17] 3 W3l A A
A FEel W HAASE HolFal itk S3A
o] 30 mgL & W & 2857 glo] A o m =
S SAAL FEE 20 ng/LE TAAT A AAG
Adsgol 29 o)} ks /b3S 3okt ey
o7} 2A1F Bt S ES A SkRISe S &
SR L= o S S o D R s R i 1 2 S e Rl |
specific flux® &334 T4 7ol whet 2710 A4 7+
Aot oAl S fAIsISITHEFIg. 4(). e of
I 2417 Bt AP IS ES dAEH SRS & &
Atk &, S3A TS A7 Ao s SU1E v
AlEFo] Alghee Al = fdslo] v 3A4E v
ggo] F7sle] eEs FEAE 5 vk oked v
ol WA W A= Z2o| F7]7} 2o} oa)v\gu ool
AriFoR 7] wiiel] el o B2 Ae)a 55 34
SR w03} A3E FTRAA AFARRE FRF AFgto]
A F7re Ao Ak ot A FUH 7o
uet v e ol dor)E ARAfTIEE AAE] HHAE o

i;
>i W'
|o
U
X
o
=
)
|o
i

X 2

M _1

O

B 8 091.

BNH LA A F71ES FF SO s urelE
oko olo] ZhElo] EElAlg F uho) 27)xIgto] A3 &

718 Aoz FdHT)

Fig. 5= 2193 ZA2] ¢lo] Inline static mixer® =3}
T Y 5 wolnE AeA] A sl e BRI
< 25y k. BAIYS] A AAdTE g S3A
FRI0] 30 mg/L & w) Het 0.032 kgf/en/Yd £ 52 bt
ol A&A o ® FrkekL S & & T
sty ARko 2= 07t Bk 9dS Aoy fU1E A
| ZE8HA AAEA Z3h7] witolth &, &M= ¢
24E e AR E s AAT Bk ol &

g8 N EY (Langlais et al., 1991: Rakness, 2005)
Aol o FAZE Eeke] AT HEE AAAII TR A
AUtk
3], A FEE 20 ngLE Tra Al AP dsEo] Sl
} 34 =718t ol Jar testE 473 55} @1} FA
g2 A SHA Y] 10 mg/L ©]

AYE FP=A e AL B2 5 ASlrh O]Eﬁi A}
ERE A F=e] U S A E5S A
%S FEoluy B f7Ed =] sl Ak whol
7] vt A 0w AzbetA eddd & vk s o
AT

22to] A%A o= 57]3&} 73% B A)5)o] kS u]H
]

ol HEE

]

e i‘l
&+

>‘J

o]

[e:

@1} x}‘;}’:}% ] 0.054 kgf/cr/L= @ié‘}?iq. ol &
A 30 el U A3
Bk A AYEHE] o gad R

463———



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.459-469, August, 2009

0.6 T T
[ 12122 mine static mixer |
fg 0.5
o
2
& o PACI 30ma/l - @ PACI 20me/l |
= s s
b
§ 0.3
=
o
=T 5 H H
2 02 T : o g
3 WAAVARAAA S i bk [
I AT O AT VL L
o1 = ,r. i e {gﬁ
® : @ : @ | i
00 | i ! : el 3 : 1
09247 09217 09248 00248 09219 09219 09220 09220  09.221 09221 09222 09222  (9-223
1Z00 AM  12:00PM  1Z00AM 1200 PM  1Z00AM  12:00PM  1200AM  1200PM  1Z00AM 12200PM 1200 AWM 1Z00PM  12:00 AM
-2t ® @ @ @ ® ® @
ATMP/day 0.008 0.016 0.011 0.016 0.040 0.022 0.015 0.031
40 T T
| 131E - Inline static mixer |
35
PACI 30 mo/L PACI 20 mo/L
30 +
< L - " -t
% 25
o B ‘ R . v ' \'* 5 il 3 .
Q o RPN v 5 CH ) i A 8
T
E AR TRV IR ; RIESEREET
? s AR 0 3 Hahahis :' it N P .‘;\ :\i-l-‘;".ii 5 :
ki SIS SRR AL 1 TR
© i AR R AL R R R R AT R R
5 : =
]
09-2-17 09-2-17 09-2-18 09-2-18 09-2-19 09-2-19 09-2-20 09-2-20 09-2-21 09-2-21 09-2-22 09-2-22 09-2-23
12:00 AM 12:00 PM  12:00 AM 12:00PM  12:00 AM  12:00PM  12:00AM  12:00 PM 12:00AM 12:00PM 12:00AM 12:00PM  12:00 AM
Fig. 4. AAIY Inline static mixer(ISM) M-8 Al xtg} ¥isk: (@) 2™ X (b) Specific flux
06 1 1 1
[__22: Iniine static mixer | ‘ |
o Pacl somat @ PACI 20mp/L | PAGI 40 maAl
€ : i
2 g
o 04 :
= E !}
o -
o . H
g 0.3 SEPET Y] j "y bt
2 02 B - £ * o y
7T g i 8
: b
= : . H
o1 @ @ i @ @ ® ®
00 -
09217 09-2-17 09-2-18 09-2-18 09-2-19 09-2-19 09-2-20 09-2-20 09-2-21 09-2-21 09-2-22 09-2-22 09-2-23 09-2-23 09-2-24
12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM

22

@

@

@

®

®

@

ATMP/day

0.039

0.029

0.026

0.036

0.122

0.054

0.032

Fig. 5. BAIY Inline static mixer(ISM) M-8 Al Xtgf gis}

——] 464



o
®
™
e
2
o
B

2
ol
U

el
ry

NEHEEHYR|, =2
233 43, pp.459-469, 8€, 2009

33 Back Mixer ==tttAlo] 2

Fig. 6& G 240 sec™'ollA] 5%3F
G- AAIE 3 BAIG ] ASHstel dsE :
AAE L] - S3A 30 mg/Le} 20 mg/l =Y Al A4S
&o°] Inline static mixerg 48 A1¢} fARH A3-E YER)
th &, SAA FHEe] 30 mg/L o wele & A% T
o] KA o w PH ot YA FUFE 20 g/l
HaAFe W Aol v Frkehe AdE dERTh
BAIGE] 79 S3AE 20 mg/L T Al 2kl A Skt

y Mo

o] 95 el s njE Ao E s A FYUF
= 40 ngL2 S7MZ 5 AehiskE A A S5
L7t ol wht o 3 AlEREe AP sEe] A
SlleS & T UrkFig. 7). ok2e] ol B ARHESE

©] 0.026 kgf/cii/% (Fig. 71X O~@2] F+t) £A Inline
static mixer?] ¢F 50%<%! Aoz Ueldtt. =, Inline
static mixer?] A¥r} 19 x}9FE718o E}ste] A ser

Hl w7k = glovt A el 40 mgLY 7% Back

mixer WA 02 FEWHMES: =88t 97} Inline static

0.6
1 1 1}
[ 1312: Back-mixer(Rapid 5 min) |
— 05
€
g
)
=
o 04 paci 30moll — @ ; PACI 20 maL -
F : : : H
- : :
H i :
; 0.3
o :
S i
< HE ek 4
202 %1 pitbrassh i
g i
=3 . b H H
= WEE f
01 faid i i | :
RO} o ililoe ® . ® | ®
00 HIR H - " I e L i L i s lg
09-2-23  09-2-23 09-2-24 09224 09-226 09-2:25 09226 09-2.26 09-2-27 09227 09-2-28 09-2-28 0931 0831 0932
12:00 AM 12:00 PM 12:00 AM 1200 PM 12:00 AM 12:00 PM 12:00 AM 12:00PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM

2+ 0 @ @ @ ® ® @
ATMPiday 0.004 0.024 0.021 0.033 0.023 0.026 0.017 0.027
Fig. 6. AAIY Back mixer (rapid mixing only, RM) X-& A| xtgt B35t
06 i I I I
[ 23#: Back-mixerRapia mixing & min)_|
“E 05
£ Paci damal | @ PAGI 30 ma/L
S 04 3 T T 3 ]
for | ; 1B
< boe L SR b e « - R
g $0 ) L 3 .
L ) @ @ @ ® ® ®
0.0 | ¥ ‘ 33 ‘ | i d i .
09-2-23 09-2-23 09-2-24 09-2-24 09-2-25 09-225 09226 09-2-26 09-2-2T 09-2-27 09228 09-2-28 09341 0931 09-3-2
12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM
-2t o ® @ @ ® ® @
ATMPIday 0.037 0.021 0.020 0.040 0.038 0.038 0.026 0.039

Fig. 7. BAIY Back mixer (rapid mixing only, RM) &-& A| At #Hst

465 ———



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.459-469, August, 2009

mixers AHgSH= AR Apgto] Mg A o7 oS¢
ok v AAIE ) Bl E o 33A 20 mg/L 74 A<}
H|S25E 215 Hol AoE A B8] Al SHA A
A AEAA FYEE ¢ Ak

Fig. 7oA 2 = Qz0] BAIY S 34 4% tA
30 mg/L= 3HA17] A3 9570l T ok 50% 57t
331, Inline static mixer?] A¥}e} vl Al -A F)
ol 40 mg/LY v} 2] thi H2 Age7HS Btk
ok SRA 5ol 30 me/l & W] AAIE AT
BAIES] 60%l £33t A 02 YERG oW, o] A A
H ovkel o] MeE Mo ails & ¢ Atk

ZH3 (2001 F-Adoi 3 elA F&unt

ek 7 BT 9hemHkS Al v @ ¢do] ZHAaw

A ol 3} Azte] Amo]sute
= HolN A4 el Wl Sle Al AT
wepy Ao guojaet RETAES o] §ajo] 9

wro] Bpajste] o))

KX
=
A

_?.
2} 25% o)’
oIk, obge] ofahAzk Fel

= ST AR} sk
oL} 2314 515 30014 20 g/l 72412 we] 57}
et

Ashow Sk el Alete Auelsiele] 7}

=

A, vrtdF o R 09e I 2@9e] TaE A
2 o 4 9tk 2, AlEfe] oA el o ol 4
B E50] 419 35 WHoR AV Ax A5E
)= ukEg) 920] EE o QJzke] F7)7} 2 o) 428
o mebd sismuel] o) Atjsow Zoeld E2o]

oA5po] 2 elojut of
Aol=%e) @Ao] 2 Lot ofw) Ao]

Ae A9 Zojg Z2of 23
£(2001) 9] ATAHA o33}

5
=
=
flo

0 [
rlr

B8 BT Yy
HEREAE SRR
o= u7elE) v el 7l
AL Ao % ek, meb $A A S 1Al
FPHOR $osp] dai: fEINE FrhHoR

ek Zlo] MRS 20w g,

o 1

O

0.60

1 1 1 1 1
[1212: Back-mixer (Rapid 5 min + Slow 15 min 1|

=
&n
t=1

=
=
=1

PAGI 30 mg,

PACI 20 I'IIEJI’ L

e

=
&
=

—

o
[
[=]

Module A Corrected TMP {kglcn‘f}

o
B
o

.

® . ©. @
o AL NSy i

09-3-2 09-3-2 0933 0933 0934 09-34 0935

09-35

12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM  12:00 PM 12:00 AM

09-3-6 09-3-6 0937 0937 0938 09-38 0939

T2t @ @ @

®

® ® @

ATMP/day 0.007 0.013 0.008

0.022

0.014 0.023 0.009 0.020

Fig. 8. AAIY Back mixer (rapid+slow mixing, RM+SM) -8 A| Xtgf



gzl - UM - AHYE - g2 o= SIR| =
232 43, pp.459-469, 8, 2009
08 8.0

| | I [ I
2I@: Back-mixer (Rapld 6 min + Slow 16 min ) (1)

e
o

7.5

7.0

pH in rapid mixing tank

5.5

5.0

"E

2

=]

=

g 0.4 = PACI auﬂlﬂﬂ. +— @

[ i 2

° T i

z |

E 0.3 i-"

o et H

o " F H

2 02 1 :

F o ’ :

=l - - -

=] :

= H

10 @ @ ® ® | i | ®
0.1 H
0.0 = i L 3 alesd i - s
09.3.2 0932 0933 09.3.3 0934 0934 0935 0935 0936 09-36 09-3.7 0937 0938 0938

12:00 AN 12:00 PM 12:00 AN 12:00 PM 12:00 AW 12200 PM 12:00 AW 12:00 PM 12:00 AWM 12:00 P 12:00 AM  12:00 PR 12:00 AW 12:00 PR 12:00 AW

0939

72t ® @ @

®

®

®

@

ATMP/day | 0.046 0.047 0.021

0.043

0.03%5

0.040

0.039

Fig. 9 BHIYE Back mixer (rapid+slow mixing, RM+SM) X-& A| &}et

=

BAIYGS] A% SH1A7 30 mgl U A9olls T
1 Sk 7399} SRS FTHH o8 Eeh -
T A7 HE R o AR B_ke] ATl A9
sk 7102 YRtk (Fig. 9). 18u S3A =] 4
mg/Lel 75-(AH v] AA)) o= & wRES 35 S
i ARS7HEe] oF 60% T AOR YEkon o]=
AAG 2] SA T =] 30 my/L d W} AR Aol
=3

A= Ao A7) e BAEY A 44 4
30 mg/L2 &5t ol Sweep flocs A8t 71
Aow f7lEs AA ol F-Este] AdE7HEol s
ST SAAl FYF 40 mg/Le S5t g ollA f7]
S 7R AASEEA ANTTHES A A
71 0% AedEy @Fo] FE | o= BAIY] 9H
A2 £ 0w FEuN) SEwikE B eeye)
T Zo] vlgEAgt 2107 g}

Eo.?ioﬂ

oles ¥ 4 910, Oﬂ*ﬂﬂiiﬂi}%ﬁl 352 W7h
3% 99 9% olekn ¥ 5 Yok

Fig. 10& Eshe}2 o) solel ofsh2) 521 3
T AUFIIEE molFa P Aoz B T3
A SRA FUFL A2AD A AR AR F
PSS ol S FUF A e} o2 $)
Ul AESe] g v 349 Bhsh v Eleld U
aﬂolz Y] F7h A1l @ 5 glek
SAIA| F41% Askel mhek AR A} Yol

& ehor, Folg
28] o1 AAZ7H

oled AN=2HEH F

3

Sk - PRI 93]
Qo] kS njHth= AL
Tt FA oA @ A= T}

]“IT TOH ﬂo]":}t 7/1

$ SR04 FUFo] 30 gL
2 fARE OPARE A1
912 spel A Al v

Ao eptr,

A 710f8k= ZoR vEhkith

o] 2
% o)
o 0EFq f
o 5 9]
SRR

SHAZEFUE o ¢k
o, C’7]. 7].0:]7(4 ul

_f_ H]ﬂ.ﬂ] Z‘] ) o%
_X_'

ioi x—1 71—0]]

467 ———



Journal of Korean Soclety of Water and Wastewater
Vol.23, No.4, pp.459-469, August, 2009

0.12
; 17 ——IsM =
§ 0.10 A | ~=-RM o
= '\ RM+SM 5
E 0.08 %
1) Q
2 \ 2
0.06 @
2]
: \» g
Q
S 004 \ 2
£ £
& 002 =
= =
0-00 T T T T
0 10 20 30 40 50
PACI(mg/L)
Fig. 10. EatdrAlof w2 AMZH Xt SIH2E (Zk AAE, 2 BAIY)

2 ATHE o e AL 9
3] SAste] RSP 71 A Espel o
B2 sl theu g AR Ageh
MG g eE Ae 3ol g BAR 55
SAA 98] B A3 EPAN JFL ©l Bol o
o, S ool SA} T ) AADe] i) 26 o)
o AQkE7hEo] & Aoz et eEA} Bt i)
12 6.9} Ahel) ZA| 7]ofsh e & 5 ek wet
A Bo) Qg Al $-9ut G fT) U 1ol
w) ] whet ek ope] Q) S| FYxA el
A SO T SIS FYeHE 2
ol o 9 Agel g EIHHY Ao el
o £3-3439 95 A gt 0ETY
shee] Azdel wrh &7k glow, ojeld

ol SAA e A S

gAY 3o o8

o =
pu

roh e

O,

1. AAE, FokE, o]Ad, HS, AHA el digk S35/ 0]
S 52 E8)e] - OS] Sl
1€ 39~4¢, 99

1—3_0& oﬂ U]x]~

0.12

271 ——ISM
0.10 —=-RM

RM+SM
0.08 *\
0.06 \
0.04 \
0.02 =
0.00 T T T T
0 10 20 30 40 50
PACI(mg/L)

3. 87, vked @ uhe-A 714 9kt (2008) CFDE- /\} 7I‘ﬂ

22(3), pp. 351-358
4. Mg, o, A, wA, oA, SHE I T
7@1\;13] J_ZL,] a8 s \:ﬂ ul- 9_03 x17Loﬂ Fule c‘ﬂi:rl
813] - fjeriejr el FEEA) e e
2006'd 449 219 WEFANS A, A, E-5
o148k SA-Aulo]z} FA oA wrEo] u He
, S=rE el E] - Hjeryelr =8l ST

9 199, FRFAATA A5

o)

r—\m
M

F‘{D [k
el

=8

q]x D-1
6. K 5 (2005) HREMNE 2 ) 28% 7 2y 7l 2T 2
DL FEIC B 2 8158, WAl |=chet
7. AWWA (2005) Microfiltration and ultrafiltration
membrane for drinking water (M53), pp. 1~6
8. Choi, K.Y. and Dempsy, B.A. (2004) In—line coagulation
with low—pressure membrane filtration, Wat. Res., 38,
pp. 4271~4281
9. Clark MLM., Srivastava, J.S., Lang R.R., Trussell L.J.,
McCollum, D., Bailey, J.D. and Christie, G.S. (1994)
Selection and design of mixing process for coagulation,
AWWARF, Denver, USA
Kaiya, Y., Itoch, Y., Fujita, K., and Takizawa, S. (1996)

aAr F7to

T,

10.
Study on fouling materials in the membrane treatment
process for potable water, Desalination, 106, pp. 71~77

11. Kim, J.S., Akeprathumchai, S.,

(2001) Flocculation to enhance microfiltration, J.

Wickramasinghe, S.R.



o
®
™
e
2
o
B

2
ol
U
el
ry

NEHEEHYR|, =2
233 43, pp.459-469, 8€, 2009

Membr. Sci., 182, pp. 161~172

12. Kim, S. Park, N.S,, Kim, T. and Park, H. (2007)
Reaggregation of flocs in coagulation cross—flow
microfiltration, J. Environ. Eng., 133(5), pp. 507~514

13. Langlais, B., Reckhow, D.A., Brink, D.R. (Eds.), 1991.
Ozonation in Water Treatment. Aplications and
Engineering. Cooperative Research Report, AWWRF and
Compagnie Generale des Eaux. Lewis Publishers

14. Lee, J.D., Lee, S.H., Jo, M.H., Park, P.K,, Lee, H., Kwak,
JW. (2000) Effect of coagulation conditions on

membrane filtration characteristics in coagulation—
microfiltration process for water treatment, Environ. Sci.
Technol., 34, pp. 3780~3788

15. Rakness, K. L. (2005) Ozone in drinking water treatment:
process design, operation, and optimization, American
Water Works Association

16. Wiesner, M.R. Clark, M.M, and Mallevialle, J (1989)
Membrane filtration of coagulated suspension, J.
Environ. Eng., 115(1), pp. 20~40

469 |———



