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ABSTRACT

Objectives: This study was aimed at determining the optimum coagulation dosage in a high turbid kaolin water
sample using streaming current detection (SCD) as an alternative to the jar test.

Methods: SCD is able to optimize coagulant dosing by titration of negatively charged particles. Kaolin particles
were used to mimic highly turbid water ranging from 50 to 600 NTU, and polyaluminum chloride (PAC, 17%)
was applied as a titrant and coagulant. The coagulation consisted of rapid stirring (5 min at 140 rpm), reduced
stirring (20 min at 70 rpm), and settling (60 min). To confirm the coagulation effect, a jar test was also compared
with the SCD titration results.

Results: SCD titration of kaolin water samples showed that the dose of PAC increased as the pH rose. However,
supernatant turbidity less than 1 NTU after coagulation was not achieved for high turbid water by SCD titration.
Instead, a conversion factor was used to calculate the optimum PAC dosage for high turbid water by correlating
a jar test result with that from an SCD titration. Using this approach, we were able to successfully achieve less
than 1 NTU in treated water.

Conclusions: For high turbid water influent in a water treatment plant, particularly during summer, the
application of SCD control by applying a conversion factor can be more useful than a jar test due to the rapid
calculation of coagulation dosage. Also, the interpolation of converted PAC dose could successfully achieve
turbidity in the treated water of less than 1 NTU. This result indicates that an SCD system can be effectively
used in a water treatment plant even for high turbid water during the rainy season.
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A ANBE WE7] 98led kaolin % E (kaolin:
AlL,0;-2Si0,-2H,0, Sigma-Aldrich)E &34t}
kaolin®] Y= Z4& B3 IEHE AL RIS
ZA3F9 3, kaolin &%= 1100, 500, 1000 mg//llA
o] HA 2AE Hxe 57-619NTUS £XE H3
ok L3 $4 pH(pH=7)& 2571 S8t Tt

EF(NaHCO;, Sigma-Aldrichys F¢)3lo] S8-3
=S FABAGS 17%0] Ze|dstdFrE
(poly aluminumchloride: PAC, [Al(OH),Cls.]nl,
Samgoo Chemical, Korea)2 -3-3#|°]2} SCD 274
A (titrant) 2 AR89 TE FHA RS Fol whE g
= U9 B AR AR 242 Table 139 2k

‘%l—

2. SCD Zt|o| £H A Xof B At 7|E} 24 HHY
A2 &45+= SCD 4] 5 32l charge
analysis system(CAS, AFG, Germany)S ©]|-835}¢]
A8} AA (charge titration)y2 53+ 3 A2

Table 1. Composition of kaolin suspension

Kaolin Turbidity
concentration range pH Coagulant
(mg/l) (NTU)
100 57.1~64.8
500 303.7~311.4 7 PAC

1000 611.9~619.9

] Environ Health Sci 2012: 38(2): 128-135



Streaming Current Cell

Sample
(aqueous)

Hydrodynamic Slip Plane

Titration (coagulant)

Electrodes
(metal)

Piston
(~4sec?)

layer

(@)

Fig. 1. Schematic diagram of (a) CAS and (b) charge titration.™®
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Table 2. Jar test results

Experimental Kaolin concentration (n=30)

conditions 100 mg/l 500 mg/l 1000 mg/!
PAC (mg/l)’ 35 44 60
Alkalinity 600 800 1000
(mg/l as CaCOs)
pH 7+0.2 7+0.2 7102

“Supernatant turbidity < 1 NTU.

S Yoli 7] 9]3ke] kaolin 100 mg/e] YAs
Fod3lal, Jar tests B T4 (pH 7) 27
PAC $3A¢] =9 271& 2735t THTable 2).

o AAE FAFo ek pH 2~120041 9] W 3}o]

2 S 3o AAE Fig. 201 eI

3

ol B B 44 7179 55 B 71#9] I NTU
olae] £ BHL SAste] MEAA AHS A

Atk Ad A3 PAC % 35 mg/llA w52
N
T

L =
- T
<, f9 HelE 7AAA o FeH(membrane)

3 (fouling) 7712 A7 & o AAQ

4y 1o pd 2 do O

pH 2~122] *H3}o]
pH(pH=7)14 7F¢ H= <] 5 g= =4S
& & 9= oz yehdtl HE Aie]
A Zo] et B A7 Ao uk, PACS ©] &3t
AgPATe] FFNE AFolM = F4 pHO =4
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Fig. 2. Jar test result using kaolin in (a) PAC dosage test and (b) pH test.
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Table 3. SCD titration results and charge reduction rate
constant

SCD titration Kaolin concentration

(n=30) 100 mg// 500 mg/l 1000 mg//
PAC titration 0.3310.017"  0.43£0.03  0.58+0.028
volume (m/)*

K (mV/mi/s)  14.84 11.79 7.92
*[PAC]=100 mg//

"Dosage(m/): meanzstandard error

ARE-BERAAL, 10 m/ A5l Thsto] 30273 PAC &
FAF 4owe H8ate] Zzh 2l thiE 103]¢]
HHEZSAHANE A&l en SCD AHAZF 4284
& A FEG Hit 2~40] AQEITH IEE 2
Azl ek SHUES NS o, HskHA
287 ¥aA A2 AYE Aldle & o 34
AlZke] ©5o] o]Fold Zlo® FATHET) Table 3
A= PACS] HAFHQl AA Axte}l nkE=H o] B
2HE Bl Stk PACS] A AT A= A A
S =2 kaolin F=7F S7F wel 47gAe] FU=
o] 271319, EE?S% I ARE 2EE 2hq =
o A vYehve 2E B AT olzs A3
£2 SCD FAA 7“17] 29l 4 (electrical neutrality)
< %‘éﬂq] ‘”Oi’ﬂ Y=te] %dﬁ}oﬂ g s
_?/

¢

lo fo ¥

% d xvﬂsw +3
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9] SCD 544% #sel 99 AP 108 Ha
SR Aags Sesslelel 4 () 2 ¥
Moz et

A(SC)

" Atx PAC M

71 K= SC 7 &% AmVimls), ASCE
SAske] MalE (mV), A= SdA17H30 sec x dosage
number), APACE titrant dosage(0.04 m/x dosage
number)©|T}.
EdFEKyE HE AR UE 4

FE AT ] AAF groll thgk ST Al
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Fig. 4. Regression of Jar test results and SCD titrations.
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Table 4. Conversion factor and calculated coagulant dosage
of PAC obtained from SCD titration

. Reference Calculated
Kaolin .
. SCD Conversion  coagulant
concentration o
(mg/)) condition factor dosage of
(mg/l) PAC (mg/l)
100 3.31 35
250 3.78 41.6
500 433 11 47.7
750 4.71 51.81
1000 5.8 63.8

+ UAAIES] SCD dose(mg/l)°]th.
oj9} 7+-e FMHAFE B85 kaolin T= 100,
250, 500, 750, 1000 mg/llAe] SCD &4 Z71&
SOl FYT FHA S FogFom Hesllar
2 A= Table 49} T} Table 4olx= 7]E9
kaolin &%= 100, 500, 1000 mg/! ZA3} HE-o] 250,
750 mg/l 278 F7Fsle] 4k(conversion)S AA]
st=dl o]= W4 (interpolation)S 483} Jar
tests AAISIA] holic, SCD v Ao} 3habA
(conversion factor)2] &gl <Jgt SXWke-A] 4
gk A7} o] FojA|= A 9] o FE gRIFtoZH F
AT A8 frEAS ERlstaat stk AAlE
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100~1000 mg//®] ¢ Wl =EF F5F HE
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Yo ¥ W= Fig. 59 2t}
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1.0

08 | Q
=) Q H 0.79
E i
z 0.6
> 0.67+ 0.66
£
‘S i 0.61
S 04 0.58
=
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[ Calculated PAC dosage
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Fig. 5. Interpolation of conversion factor in (a) calculated PAC concentration and (b) jar-test result.
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