st 4-x 2|83 x| (KSWST Jour. Wat. Treat.)

Vol.23, No.4, pp.87-100, August 2015
http://dx.doi.org/10.17640/KSWST.2015.23.4.87
ISSN 1225-7192(Print), 2289-0076(Online)

Sh0lM SN FUE AHEH O AAH(CASDE 0|8 MF
o oo B3 SF MM mile e A

A
L)
2
10

Study on the Effects of Coagulation Pretreatment on the Fouling of
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Abstract : A combined system of coagulation and membrane processes was investigated in this study
for coagulation pretreatment on the fouling of microfiltration membrane in treating municipal
wastewater. Coagulant dosing is traditionally based on jar-tests or operator experience, resulting in
either overdosing or insufficient dosing. For reliable purity and accuracy, on-line coagulant control
instrumentation is necessary. In this study, we assess the feasibility of a new coagulant dose control
instrument, the online charge-based automatic titration system, charge analyzing system with titrator
(CAST), to control membrane fouling in microfiltration (MF) process. This paper presents a 100 m’/d
pilot for effect of coagulation pretreatment and organic matters (UVass, PO4-P) removal using a
coagulation/MF process. To confirm the coagulation effect, the CAST unit was also compared with a
control method where coagulants were applied at a constant rate using In-Line Mixer device. For the
extension of filtration time required to reach TMP in MF process, the application of CAST unit by
applying a CAST Factor can be more useful and effective for reducing CIP cycle time, and energy,
water, and chemical consumption than a control unit due to the rapid and accuracy calculation of
coagulant dosage.

Key Words : Coagulation, Microfiltration(MF), Charge analyzing system with titrator (CAST), Fouling
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St=oiM SN FYUE XSH O] A|AR(CAST)S 0|88t MF 22(2t9| of @ Hoj| 2ot 3% 89
HAE| Zarof 2st A
2. MEiTE 9 d 22 WEQ AMY U =H
2 AR0NME GA2l EXE SSAMY SEl
2.1. CHAMA|E 91 Ajek O MUY ABY S ALSEICH Ayl
2 AF0AME J SiHMelde MERESX &= = 05 mOlH, MHE=Z2 Poly—
NEE J+=2 AMESIRSH dt=XelE | vinylidene fluoride(PVDF)OICt AEU AtS
A9} BI2A0] MAS Table 10 2CH =& = d@Eedelel M2 Table 201 LIEFLHALC
S AESeE STEMZE EHAO0O| AU
o2 W SHE20 FHolkt EXHMQ Alum 23. SN FUE XIE HO{EX|(CAST)
HE0l =2 AI2ZH 2l PAC(Poly CAST(On—Line Charge Analysing System
aluminum chloride) & ZBIECZ g0| AISE Titrator) AIAEES STM FUHS A2
of 2T 2 20 ArgE SEMHesE 9%t s Hoolks EXZA ot B4 &2 &2
=1 B840l 20 g2el: ZotE0l ZOot Xofl cist SsSEH oA L Ut LS L6
SEM Fgez Qst pH g0l A 1 Ao E =2 €251UE fo g
PAHCs(Al13(0H)25CleS0.)E  AFESIALH 4, &XI0ICE Ol AlAES S22 & =ZH3g
14]. A EE S8EHY FL2 E42 Al0052 of e STH =g WES A2z 2L
S0l 12.5%, &I =(Basicity)= 70% O0l4, Yot SEM =LH2 2300 HOooHI
20COILA HIZ(Specific Gravity)Ol 1.30ICk, P8t SHO2 HE=AD M =S 2004 0l

Table 1. Characte

ristics of influent and final effluent (Unit: mg/L, 7{/mL)

Items pH BOD COD SS TN TP Total E. coli
Influent 7.02 144.4 135.2 166.7 31.1 6.06 163,644
Effluent ? 6.94 3.9 10 4.3 11.13 0.289 365

* The feed samples (Activated sludge Influent) for MF Pilot test

Table 2. Characteristics of the submerged MF membrane module

Items

Specification

Module type
Pore size um
Material
Module
Area/module (m®)
Initial Flux(LMH) (kgf/cm?)

Dimensions

Hollow fiber membrane (outside-in)
0.5
PVDF (Polyvinylidene fluoride)
3
214
30

735(W)x60x1,890(L)

KSWST Journal of Water Treatment Vol.23, No.4, August 2015



Ticroprocessor

RS232/485.4~20mA

| Tank
Screen

(.'lramllg‘m 2
&

Titvation agent
for coagulant
demand (CI})

Ineasnrement

Piston/cell for charge measurement

Fig. 1. Sam Bo Scientific's CAST(Charge Analyzing System with Titrator) system : 1) Auto sampling
device, 2) Sample transfer device, 3) Measurement and charge neutralization titrator, 4)
Auto cleaning unit, 5) Display, 6) Control unit.

Aol HART 4N OIAS SIAMRAZON & RH U DAE =20 o LM o
MElD UCH CAST AAHE Fig 13 201 X RSSSHA(SOHE =Z5iD ML
A 6FE22 PN UEM, 1) In line (Titrator) 250 BHH 0/2° STHE &
s 824 3X, 2) 82 Us 01E IR, AR A2 2 10 M FSH0H SHEE 0
3) ME = L HF AIAEH 4) IS SFA mVIIK EASHCH 0l I S™EFN s
NEZEXI, 5) display®t 6) &M AIAES X S& M 27 (Cationic Demand, CD)S =&
o EX2 24850 UCH SHAl €L Ol AlIAEIE2 dMEY 2242 Fa
ANAED IR0 HEE MESER=E 238 2 MEE RIOJH 15mL, 222 =0 MIIEE
Sole OIAE(Piston)t & &l H(Cylinder) & EIF 11 mS/cmOl SCEEHHERE=  -2,000
ME A2 02U X=0 LIAED A A0l ~ 42,000 mV, Anionic/Cationic S& M =&
2H 2tAH0l EMEL &2 22 2ot g U= 0~25 mLo Ol, ®HEX FLE
= OAS0H 2ol HM=SS0| sty Ols I =2ds2 10 «, SEHM Y HAHE
ot= OHE WOl A3t 2PHHIE ER0tI| 2ok processor board2l HatA 22 AIEX &3
A otEE 2AXDL Al OIAES HEHO 0l J+=3otCH13].
HEIROZ SAGHH ZAHRULCH TIAES 2=
SEH0| (2t MoFRS(charge cloud)0l A 24. CAST X U X|of
LT HGHHA =F X2 S50l BRI CAST AIAEI2 DIO|ARTZHAN 2ESY
H=0AN  RSSSH9(Streaming  charge, (Microprocessor controller) il 2/SH Fig. 201l
SC)E =&otAH =0H13]. 8 MHAE 3= SAlEh A 20| WS goelsol Tt 28
ANEE CASTS SHLZ 15 mL 0lZEHD & HE 0125101 M3l Z3l2 s A2 B

sl2aK2|sts| x|, M 23 M A 4 3, 2015. 8



S0l SEM FYE ASHO AAH(CAST)E 0|88 MF 22|%o| & 2 goj 2ot X 91
Hx e Eﬂfoﬂ ek et

Feedback (FB) Control

Feed Forward (FF) Control

Inverter control
(4~20mA)

Fig. 2. Logic diagram for controlling coagulant dosage in the CAST system [13].

SEMLA(SC)2 STEHM 2FE(CD)E JIxE=2 Al (2)0 et ME =sT22H STEH =Y
ol0l SE SN F=UES AHAGIAH = S 22 KUK HSHIH SO SEN F
M =UES HEH(conversion)S LHSHA, U0l A (3)0 2ol ZEBHH =t
#H3 SMUNA SHSH 2XE=E =EF HISH DI
Z5H04 oS 4 QACH AL ()0l LIEFH Bt SEM =2 (ml/min, Lh) =
20l SC2 CD2 HAUIE(Titration ratio)0l Mel=&(m/g) x SEM = E(ppm, mg/¢)
et Harg 2 ACH 12, 13]. 3
Xtel &M3t(charge)= 2 =20l Mt &
Ko = i 1) AZtO2 BISISICH CAST AlAEO S32
& HAFE I 2HEXI(Target limit) 2t
I Kupe STEH FLE &= i= 00l CAST FactorOl T2t CAST AIAELO0l AAI2F
LA MEN U SEM sZ(mg/L)2 ¥ st MO (Forward feed control)5P01 ESel]
BEMOl Reference (0, Jar testOlA Z oftHr =HglEs HOUHU =HIE =6t
Hel STM FUS)0IM, iy LHXX L= Xer SEFIL Dteh %‘—%‘EIDJ CAST H=
MENAM 0 mVIL 2 WIXKIS SIEF < (Factor)& Z&0t0 Feedback MO{SHH =A
3 BHH 0129 AHIZ 22 2P(0, L0l o SAM FYzAS IAANIIES GHACL
2 STH AHIE)0IC, Ol O CAST Factor st Zo/ZA ZEFO
IHs6ll 8% E4401 et =) 28 & [
Komp = 1w (2) 2 =22 2 < olLo =FHotH =i 5 88

KSWST Journal of Water Treatment Vol.23, No.4, August 2015



M =Qlatol ZA2 HA™E CAST H=
(Factor) XA AAIE HM&ESFE MO
(Forward Feed Control)dteE SAIN SEXI
Jt20] 22 MOICH CAST H==(Factor)E

MEZGH= Aoz 2HGEE oFRALCH

25 2|9 HN2| 23
Fig. 32 MBR =2I% 3¥9 Mg ¢

St A2l CAST AIAE(Fig. 3(a))1t TH=E
@@l In —Line Mixer0Oll &8t D&H S&EHM =
LYAIAE(Fig. 3(b))2 LIEHH 240ICH CAST
ANAHES SUEL MAHI S3.8% @3
£ F4ED, In—Line Mixer0l 28t ZEH2
HEol =328 X g0l STH =L M

=
MBR &0 EZRUCH In—Line Mixer
XID:1

(Walker Process EquipmentAh)& & 32
20l 1,000 mmZE *EZAH JA2H, S&

Y meeee——————

Flow { o

Meter »

)

Coagulation

Coagulant
Tank

Quantitative
Pump

o o

ERESIE

oolI’_}()“,H
UCH MBR &
EOIEH &

m’/d #2222 SEXITAUACH Né‘)l&*% 2012
5ERH 20128 7€ 152

In—Line Mixer & &«
I*E*E*Eg ol8std A&

o
o
o o

|,
?d
' 1o 0
pnl
o
0
(UERS)
0
—
(@)
(e)
5(4\./
~Z
ol
4

e %5%%’&359_ g3= 22 50

m

I ~:—
0 4
o (2
tn
29
[w

CAST A28 2o SENE =& = &
oS8 ZH2 2HuE 52(140 rpm), 2H
wek 202(70 rpm), B 602=2Z B0t
O &SNS THFoHH S4otRALTH
26. AN U

2 AEEXS ANEMFHeE YA, ST
A& AS2 MBR XMel2=0A AAGHISH,
HE S AIZ0l oA UVasu 2t PO,—P S22
HdHel 2ls 2460 AlI2E YN GF/C
X2t 0.45 um cellulose membrane

-

-

Coagulant
Tank

e ———

Mixer Contro
i ]

Fig. 3. Schematic diagram of the (a) CAST-based and

In Line Mixer

coagulation/flocculation process in MBR process.

sl2aK2|sts| x|, M 23 M A 4 3, 2015. 8

Flocculation Membrane

Membrane

(b) In-Line Mixer-based chemical



o0 A SEM FUE XASHO AILE(CASTE
el s

o
o
ro
<
M
AT
u
18
1o
0
to
1]}
=2
e
o
olo
A

93

(Millipore HA type)2% O{Itst = UVysues
el SAIEEAH(UV meter, HACH/\UE =
ALY pO,—PE FELESTHAEHU 2
Mot SA6HCH 15

5. AlE= B&S pH &
g glol 8= +3otALH

3. Zm Y 1%
31 AHo| SHXAS B MAZt SH
H 27(CD) 5%

SteHMel&e &2 F 01t 2 2H.2F
Ol et H3a| =20 H&at) WEH
3ot STH =2 Mg 220t U
= z Mo SHEISE Soll Ao 2
H42 <M= ot =2 HEst SHG
(negative charge)stldt S i

charge)Ol S&& MNXIS

N
[N
s S
-
)
°

>
°»
ae
o0

a
R
% 240 ’ - s H 2
E - E
E 260 3 ~; 28 # T
g 3 N ry » ° 5 > ,ﬁ E
g 280 o © 2 a3 4 da 5
£ 300 2 ° o 8 AL 3‘ 2
£ 4h s 3 ¢ 24 £
B £ YR 2 s
ol A £
-360 A

6/1 6/2  6/3 6/4 6/5 6/6 6/7 6/8 6/9 6/10
Time (day)

Cationic demand (mL)

-380 -360 -340 -320 -300 -280 -260 -240 -220 -200 -180

Streaming current (mV)

Fig. 4. Variation of streaming current (SC) and
cationic coagulant demand (CD) from
Jun 1 to Jun 9.

QT (Cationic coagulant demand)2 =&
[:f. RUANSZ2REH CAST AIAEC

421(SC)2F sce SEE 0 mVIHK
Adol2 SEH 2F(CD)2 =3&t
Fig. 4(a)0l LIEILHRACEH. CAST AIAEO
= AdZ2H ANE &2 SS5EX2
(SC) -298428.2 mV(-364 ~ —190
mV)E UES D HEL(Titrator) 2FH SCO
ASot= 0 mvot & WatKIe 2ol SEH
2IFE(CD)2 0.87£0.12 mL(0.68 ~ 1.28
mL)Z UEIGCH o M AMlE22 SSS8d
(SC)H)%k Olofl &af8ot= &0l SPN =i
(CD) 2ol 8 E 24 Al

L_

(RHE 0.782 UEHCHFig. 4(b)

ey

ol
r>'

_,_

ﬂJ}f e 40 <

T B0 MKk

0 rIr o fon
i

rr

o o
i 0 O
oo o

Y OIO

0z =

20 &
).

sysE2e 25 2XM BR0 Ot pHA
U2 O M2t QI2GHH BrEsh=0 AFE X
A(pH=5, 6)0AE SEMIL LA =AU
BHH2 I E2H(pH=8, 9)0AE DY =
QUECtD 205D ACH16]. L20IsH S8
Kl PAHCS &2 PACIHH &4, 4, S04
ZHEZ 22 AI(OH)*, AI(OH)3, Al(OH)..
o o b2 Z02 =6t =CH

B2 22
Cetd SEEIE [ o4 YRtetel ®IIH
O ZBOI AN MHUAE HIDE X2 F
goze il WIH B0 =

[

F
4
w© J

ug
m
°C

IEUAM= AI(OH);& &&= Soil Van
Waals forceZ 2At2t2] S&0| F&

[¢]
=

AI(OH)*" 2 EEHQl 2012229 6HM0l 2
4 &I|IHe=z Btest £ IIHUAM=E
S0/=20| tHE=2 XKoot &5 gHeeE0] HA
N O %22 =820l 22013, 16]. &
d
=

=]

T2z 282 FIAII| RiM= £ 0
mV F2(SEE)e=z USO=F= A0l R4
=20ttt S0l pH Eatol et scetol &t
& =& AL 0l= SCetll sottet= CD
gt0l &t =+ QA0 SC2 CD2e d2HH =+
Jb BEEAl HIdIGHN 220 E£8 101 It
2 = UK 101 € =t 8|16, 17, 18]. O
gl Ol=E= SCet0l SZotHU KRAGHHEHE

KSWST Journal of Water Treatment Vol.23, No.4, August 2015



94 UAF - 428Y - |84 - =g
ot 2| pH, €ZelE, =2 L X2 MGt £ 01s 14
U= (Charge density) S CY¥EH TS0l & Lol @ . Y 4 o
2HX01 W20l ol Hsh HF atel CDAO| o h i . 'ﬁ#“i N
S2E AH0I Q0L Ol SCR BHN B2 E.n J{#Akj I o R
Al &AIZ2E CDets Z2&EotH x&Ho STA 0004 o TNUoq e I 6
= =ols|lw o =o= o H hd ¥ T Y S o E"
g FYot= A0l RAUEL SRotC D BEE £ o] o TR :‘Fw 4 Z
Ct. g 0.06 | g p',ei'rea.ea5w§4<4

f: 0.04 T T r r y ‘A

6/1 6/2 6/3 6/4 6/5 6/6 6/7

32. 22|92t 2% HMN2| &8 "I} Time (day)

3.2.1. CASTO| 9|3t UVyss B PO4-P A AH L 25 14
CAST(Charge Analyzing System with %I ] 4t A? 4 12
Titrator) O 218 UVss,2 PO,—POI CHEE TIJH EA ‘VA gV A .3
SWE HWIE 2ol 100 m%d 722 MBR T W F, }‘ s, / w 4.
Pilot AEE2FZS #8s Zle= Fig. 5% gl.of I SN 6 ;
Table 3 % 401 LIEHHQCH CASTE =t < . - A 4 3

A= 82(6/1~6/9)2t E=II Reference &t E :
(CAST FaCtorzlo)% 10 mg/Lgi /é_{glél'o:‘ ) 0.06/1 2 6/3 6/4 6/5 6/6 6/7 6/8 6/9 6/100

SEM =ZE ANSHOAH(CASTOH 2o S& Time (day)
AXMEXZ2LEH NHEZ| & AS22 MF 22/ Fig. 5. Variation of influent, treated and
ot J{E Hel40l Holol £ES 246K effluent UVzss (a) and POP  (b)
o o concentration by controlling PAHCS
Ct. St=Xecl& 1x Hel+=o Sgs& 3 dose using CAST system in 100
H =g = 23528 A4S+ MF 222 A m*/d MF pilot.
Table 3. Influent, pretreated and treated UVass and POs-P concentrations in CAST unit
Variables Test order N Mean%S.D Min, Max
Influent 83 0.13£0.011 0.1, 0.16
UVsss (/cm) Pretreated 83 0.095%0.01 0.08, 0.11
Effluent 83 0.081x0.004 0.072, 0.094
Influent 83 0.63x0.48 0.217, 2.246
PO4—P (mg/L) Pretreated 83 0.148+0.04 0.077, 0.342
Effluent 83 0.125%+0.03 0.0012, 0.124
PAHCS dose (mg/L) — 8.81+1.3 6.76, 12.45
Note: Date: 6/1/2013 ~ 6/9/2013 (8days)
Table 4. The % of UVss and PO4-P removals in CAST unit
Variables Removal N Mean=S.D Min, Max
UVsss (em™) % 83 37.8+6 25, 52
PO,—P (mg/L) % 83 71£15 41, 96

Note: Removal % = [(Initial concentration - MF effluent concentration/Initial concentration)]x100

sl2aK2|sts| x|, M 23 M A 4 3, 2015. 8
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2148 248 A U= 0.13£0.011/ cm, ors o
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PO,—P2 MHEBS 22 37.8+6% (25~ fime @
529%)% 7T1£15% (41~96%)22 LIEFICE Of . Tw >
9 2S AAIRF EFO SEM £ SXl= ERTY Los
IFREO ZIIEOI S} ENE L, 9 3 MW E
2512 AAAI I (membrane)ol 28 El . "3
(fouling) 12 HFAIIID B O GFFEl & Sow| _vowy o E s E
H2 SXE 4 US 0AS BEEOH19, 20, TR T A I i IS
3.2.2. In-Line Mixer0] 2|2t UVyss S PO4-P 0.005/9 610 61 62 613 6/146.5
XA Time (day)
In—Line Mixer0Oll 218 =J| PAHCS s&& Fig. 6. Variation of influent, treated and

effluent UVasanm (@) and PO4-P  (b)
concentration by fixed PAHCS dose
with In-line Mixer in 100 m?/d MF
pilot.

7.7 mg/LE &S 0|l 52(6/9~6/14)2F &
oA =5t MBR =222 XMl HMA
SWE HEItet Zit= Fig. 610t Table 5 ¥ 6

Table 5. Influent, pretreated and treated UVasa and PO4-P concentrations in control unit

Variables Test order N Mean=£S.D Min, Max
Influent 47 0.115%0.005 0.105, 0.125
UVasy (/em) Pretreated - — -
Effluent 47 0.102+0.004 0.094, 0.107
Influent 47 0.165%+0.03 0.099, 0.224
PO4—P (mg/L) Pretreated - - -
Effluent 47 0.079£0.02 0.034, 0.125
PAHCS dose (mg/L) — 7.7 -
Note: Date: 6/9/2013 ~ 6/14/2013 (5days)
Table 6. The % of UV,s4 and PO4-P removals in control unit
Variables Removal N Mean=S.D Min, Max
UVass (cm™) % 47 1143 63, 17.2
PO4—P (mg/L) % 47 52+11 32.8, 75.5

Note: Removal % = [(Initial concentration - MF effluent concentration/Initial concentration)]x100
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otLt SAZXAH0I SUotXl %I MR0ICH C
Ob StX2lE M2HESXO AMSE a2
SYUst 2HXH(EF-SEX) &0M CAST
b SEH DFEFY YEEBCO PO,—Pol M
2 5~10%2% SN HFLE 209 0142 &
WOF AUACHD SN3BUCH13]
33. SN FUWH w2 ap 7| g7t
AN et SEH =UES MHOSHH
ZH SISO 9o RAA|IZtE HEolD
mE2gg 220l EMe &0ttt 2 o
2OAM MF HEgele 24N £l EHA
(Flux)E& 30 LMH2} MLSS s% 3,500 mg/L
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Fig. 7. Variation of TMP of the MF pilot plant
by dosing PAHCS chemical with CAST
and In-Line Mixer (Flux: 30LHM).

2 2HGIH STH FLgdEa E MF =2l
9ol 1t EM0l HE CIP =JI1E Eotst &
IS Fig. 710 Table 701 LIEHUCH &€H 2
Ae @ ARE SHAHAZEC 0.32 barJHKl 2
MolES 8t = AI2t2 ZXFOIRUCH Fig. 70t
Table 72 STH =L O =2 =
do & Bt K2 Trans Membrane

Pressure(TMP)0l S €dot=0 Zel= AlI24
o ZIOICH CAST AMAHSZ =J| CAST
Factor=1022 S&HM PAHCSE U=s2=Z2 =
UES %’@8}04 2&et B2 CIP(Cleaning In
Place) FI1Jt & 168AI12H(72) =SEEUD
In— line Mixer0Oll &8t PAHCSE 1& =Y
St g2 CIP FII1Jt & 96AI12H(42)0IA
O Ol=0 SENME =gotkl &2 2FE
S CIP Il F 86AI2H3.62)0IRULH
CAST Factor=100lA Factor=7.5% ota&fx&
ot 2&st 2 =I| CAST Factor=102Ct
CIP 312t 27AI12H(1.13€)01 Bt & 195
AZ2H8.1252)0IACH WetM CAST Factor=
7.50lM CAST 282 WEZ In—Line Mixer
o 28 DFF LB —E—BI':”OI ===
240 2UECE HSote AS EIoHRULH
CAST Factor=7.50lA CASTS 2&d=2 &%
M =22 SHUAM E2 PAHCS F2E 7.2
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Table 7. Filtration time required to reach TMP in Control and CAST system

No Chemical dosing unit in MF | CIP Duration (hr) | PAHCS dose (mg/L) | CAST Factor"
@ CAST + MF 168 8.81£1.3 10
@) In—Line Mixer + MF 96 7.7 -
® MF (No chemical) 86 - -
@ CAST + MF 195 7.242.1 7.5
D If the value is above the required limit or need to change the target limit under the CAST’s controlled

factor, the CAST controller recalculates the coagulant dosage to meet the target limit by an FB “CAST
Factor” control as described in Fig. 2.

mg/L22 UEH2H 0l EAZ In—Line b Mel=20l Sgs F= XS oot

MixerOfl 218t DEFUE 7.7 mg/LL Hl Al S =22 82 ZHNESZE XMel3Ee

o 6.5% BZE/UD EE CAST Factor=10 285 & USHHE IR, 28 & HEHIS

M 288 T2 Hlw Al & 189 EZE o 2 SOl CHet &40l ALt Sol 22e

20ICH o M) AEY 22 |22 2
Fig. 71 Table 72 Z2WZ2E CASTOH 2 &2 CIP 280 228 8=, UX A2

ot Y0l JIES In—Line Mixer®t == 1 & L 2= (Chemical) AMEHO0| BZECe

d==g L2 S Fggs EZotd ZHHUA 2010t 30 2 2 UCL

CIP =J1Jt & 28 Sotdl= s & = U2

0 Ol MF &XA Zel9ol I (fouling) 4 4 2

= MZot=l &t UASS 2l0l8ttt, L8

Fig. 791 212 Safl CAST AIL&S] SEM Slex2lZOl M2USZE AIZE 0182350

Fodds 2N S8 Table 32 421 20 100 m%d Pilot 722 SEM FLYLM ©

EFH UVist 848 PO,-P S SRS s =elo MHel S8 o 452 It Z

2 ZAANZB2ZM ME(fouling) RE=ZE = =D 2

£ AR™Nl XHckE EE HSFH I2¥

(fouling)2 YHMAIZILD EHA SUE IHNS 1. M2HISX A222FH SES52H9(SC)

= US A2E BEEL EE o 452 o 010l AS5He STE(OmV)NA LS

SN2 S R0IE, AI(OH);01 MO %0|2 2K QIP(CD)S =B Z pH

of HOI0l RSN QASHO0l HOIH He 6.8+0.3 (6.2~7.8)0lAl SC(Streaming current)

Ag YXdte A2 HESIUI| M2 A2 S 299849282 mV (=364 ~ —190 mV)%

& BoEl(z1]. 2= weol A0 Tet CD(Cationic coagulant Demand)= 0.87+0.12

SIISE S MASID MW M&E 50| AKX mL(0.68 ~ 1.28 mL)& LIEFGCY.

H =2z 2o 580 O340l 2 HAS0I

SHE E EYHAL M2 U2 Az 2 CAST AAEO2 XJ| CAST Factors

oHECH Oetd D2 (fouling) =22 A 10 mg/L2 SE5I0 AAI2F SEHE =&

Ol Xttolf == 20| Jt& =Ko =0 = 2D PAHCSS ZFQE2 881+1.3 mg/L

HEol SEN FLLUHI XHO FUE HA (6.72~12.45 mg/L) LIES D UV2549|'
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PO,—P2 MAHEES 22t 37.846%(25~52%)
ot 71+£15%(41~96%)=2 LIEHGLE,

3. In—Line Mixer0Id =J|0l PAHCSE 7.7
mg/LE LASHH FLS 2 UVyss2t POL—P
o HAHAEBE2 A2 11+3%(17.2~62%)%t
52+11%(32.8~75.5%)% LIEFRICE

4, STH F=LE0l U2 UVt PO,—P2
HelSWE Hlmst A AAIZE S =S
NS HAAAE(CAST)Ol In—line Mixer2t

Het SEH D F LHEBO UVl

t
E4 PO,—PA HMASEBUAH ZBZ =2

00 e

U

26.7%2 20% =JUCH  OHXIZH  CAST2
In—Line Mixer2 S&ELS T2H4=0| &0I6tNH
MOl HWIL S0l et &5 sLst
Aoz SHS IO e O 2R Ae
2 mHEC

5. 88K PAHCSE S&HM =& XNsSHO
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ol CHet UISs380l =2 212 E el UCt
£0l| CAST FactorE 100lMd 752 otaf =&
8t 32 PAHCS =E0| 18% H 24A0IHA

CIP F=J17t 1.1322t3 SItotALh

. Metd CAST AIAE2 In—Line Mixer2t

Hx=gst & & AL XA
o STM FLHW MNES =23HSH BSe
Z UVyslt PO,—PE SUELZ ZAAZ2
ZM  II=2E(fouling) FESE S AMEN Xt
ot 28 (fouling) S ZaAZ2 A2z H
CtEICH S561 22129 A= Sotet &2
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