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Effect of Inorganic Coagulants on the Performance of Electro-Chemical Treatment

Process Treating Hospital Wastewater
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Abstract : Effect of inorganic coagulants dosing on the performance of electro-chemical process was studied when treating hospital
wastewater having low electrolyte concentration. It is thought that adding inorganic coagulants caused increase in concentration of
electrolyte and this caused increase in free chloride concentration and consequently, caused increase in indirect oxidation effect. Thus,
COD removal efficiencies more than doubled in percentage terms at the 2 hrs of reaction time and current density of 1.76 A/dm’
compared with the results obtained from the parallel experiments without adding inorganic coagulants. T-N removal efficiencies
approximately doubled in percentage terms at the 2 hrs of reaction time and 700 ppm of coagulants addition and applied current
density of 1.76 A/dm® due to the increase of free residual chlorine such as HOCI caused by increase of electrolyte concentration
through the addition of inorganic coagulants. Under the same experimental condition, more than 90% of T-P removal efficiencies was
obtained. The reason can be explained that increase of chemical adsorption rate between phosphate and insoluble metal compounds
caused by dissolved oxygen generated from anode by the increased electrolyte concentration through inorganic coagulants addition
make a major role in improving T-P removal efficiencies. It can be concluded that inorganic coagulants addition as the supplemental
agent of electrolyte is effective way in improving organic and nutrient salt removal efficiency when treating hospital wastewater having
low electrolyte concentration.
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Table 1, Characteristics of raw wastewater

[tem Conc,

pH 8.40
Alkalinity (mg/L as CaCOs) 10,823
COD (mg/L) 268
NH,*-N (mg/L) 524
NO,-N (mg/L) 015
NOs-N (mg/L) 2.30
T-N (mg/L) 18.87
PO -P(mg/L) 1358
T-P (mg/L) 19.46
ClI (g/L) 1972
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Fig. 1. Schematic diagram of experimental unit,
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Fig. 2, Variation of COD removal efficiency depending on re-
action time and current density.
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g. 4. Variation of NOs-N increasing rate depending on reac-
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Fig. 5. Variation of T-N removal efficiencies depending on reac-
tion time and current density.
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Table 2, Results of Jar-test

Alum Removal efficiency (%)
dosage (ppm) PH SS COD TN T-P
100 8.23 274 95 20 36.1
300 792 547 153 44 472
500 7.28 720 194 46 704
700 6.74 851 234 55 783
1,000 6.37 812 245 6.2 786
1,500 5.89 779 213 58 792
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Fig. 7. Variation of COD depending on reaction time with ad-
ding alum,

CHEHER 2813I| | MI332 & 105201114 102 |

713



714

KU TR @RS
Hoe - HYR

™, 1.18 A/dm’® (10 A)
Wh Aol Ao skos, 176 9 235 Aldn?
U

A= HIRT FE e BT 5 9o ARUE 176
Aldm’® (15 Al A A Fe] E}% 7188k A2 =

e B 2 Bast g Aos

3.2.2.COD HI7HEM

Fig. 7.2 S%14) 79lepo]l u}2 COD ks vehd oz
A, F91%F 500~1,000 ppmel| A= 5 -7k A COD
AAZGo] Bl%at7) ek on], ¥hgAZE 0E7AE A
FHOo oF 85%7HH Z7SITT} ol T N ATk AL
AASES gashs A0 Uepreh S84 79 glo] Al

A%t Fig.29) Azte} vlaws] 2 w, e ARUE U Fe
UG A ZF = BEEETl COD A|AFgo] wje- gkate A
oz BAREY ol Wwe AL aaa e B o

o] W el B 3AAE A daA Tl whet
ok} oL Afolo] H7|A A3lo| 7hAske] OH ozt Ay
Aol Z71o o8t S| EA el R HAS W oF oA AAE
Aoledadlel o3t §7187 Askan Ho.2 §7127 A7

ago] WA Zow B,

S, SHA U 300 ppmol s w ] Feiel o3t
A Bgo] BaEiglon, 57184 Askg 98 Wz
A FEE SUAL] A FUFS 500 ppm o}l RO
= TR

3.23. UG MAHEH
LIRS AFRZA o] &dlo] whE HaA|A EA Al
P ATE Fig. 8~100] Yebfigich 2t S-A Fs ol o

& ormuobyd Az A A&(Fig. 8) HRSA7I0] Aupste] ut

S V1SR A%E et Ea $2

ESTE Xﬂﬂﬁ%
Fig. 92 & 2]
ppmof A= L%Am 12057172 AP om

—@— 300 ppm
16 | —O— 500 ppm
—w¥— 700 ppm
14 4 —4— 1000 ppm

NH4*- N removal efficiency (%)

0 T T T T T T
30 60 90 120 150 180

Reaction time (min)
g. 8. Variation of NHs™-N depending on reaction time with ad-
ding alum,

Fi

S By o}, 29EF 700 Y 1,000 ppmo A= ¥ A|7E 60
7 e S7tettrt ol oM 343 fadhs A4S B

160

140

120 +

100 +

80

60 —@— 300 ppm
—O— 500 ppm
40 —w— 700 ppm
—A— 1000 ppm

NO3™- N increasing rate (%)

20 T T T T T T
30 60 90 120 150 180
Reaction time (min)
Fig. 9. Variation of NOs-N depending on reaction time with ad-
ding alum,

80 | —@— 300 ppm
—O— 500 ppm
—w— 700 ppm
70 4 —2— 1000 ppm

60

50

40

T-N removal efficiency (%)

30 4

20 I I I I I I
30 60 20 120 150 180

Reaction time (min)
Fig. 10, Variation of T-N depending on reaction time with ad-
ding alum,

100

95

90

85 4

80

75

—@— 300 ppm
—O— 500 ppm
70 —w— 700 ppm
—4— 1000 ppm

T-P removal efficiency (%)

65 T T T T T T
30 60 20 120 150 180
Reaction time
Fig. 11, Variation of T-P depending on reaction time with ad-
ding alum,

I Journal of KSEE | Vol.33, No.10 | October, 2011



KB TEY et

welnio] 7|81t MelAl 27ISEH Fe) 2ol st ot

2
rr
Er)
X

o,
ot
o
B

=2 1,000 ppm©] 700 ppm=E Tt TasE

_}l_‘
)
LU
Y
T
L3
o
N

Agheo] Hop ol =-skil Fig. 109]
TN AASES S718hs FF 2= Uebk=t, Fig. 59| 2
ob vlwe) B o SA FYA FY ARUE L wk
AZFOl A oF 28] oAbe] HeAfo] LrEtt ol 7]
8AASl Foow dafdol Frohilol wer oty
A7 A (2) 2 ) e EYAAERY Aot o
R P I P
d SR AR HekEo] wobAd TN A7 &°] T
R R o

Fig. 112 T-P AAE Ued A2 A =YL= Fig.
62 Atk FR g2 vheAIZE] 90% o)/de] AlAEE

=

olake] AlglelA] Aafalo] Ragh §elnlol 7|5ty
Oz
o

HelA BI1SAAE AHAR WKL B9 47180 2
¥ AN e ABHYE & 5 Ugich

4.2 2
Ao wk e BN SE A7lskt o R Helg
71844 F4 watel sl ;A Ak, chedt 2

1) A7|18kstA A eA] F71SHAE U 45 A
Fe7t wobA BHHs W fedad] 529 F
71=de] st anrt Frkste dRd
HESAIZE 1204204 F71-SHAE
COD AAZEo| oF 2uf FAFE Ut

2) F71 e Aol o3t Ao =7tz HOCI" i
7 ARA4] F7IR YU Yo SRaule] A
FEs 257} Z71ek| wal ARUE 1.76 A/dm’
AIZE 1208 9 S-A FA%F 700 ppmof| A T-N A|
of 2uff FFAIA 4 Ak

3) F7ISAA FHes o] F
oA o] §EARTY F7tR AAFE
o] opekA FAES &H=7F 7
SAIZE 90% o] ¢ T-P AARES

4) Aefdo] FE53 B9 XW]Q
SHAIE defjdz < 71

(o3 Nes]

%
B oS AvbEYe o 4 ggth

L " i
flo oo 2 Jo

¢

iv
o

—111
oo 2
ox, OX

2
ol =

f
o 2

m{m
RS
&
lo & o

i
2

RL:)
yo &
30 g
g R

A

ne
o
o

|

o J%
Y

N

02 M
w =

ke

=

nﬂn
i)
)gl

of
0

Al

INDN;

B ATE F4719R00H AL 20079 ASHATE
&L e Ao st AnEAYch Yo
Akg o,

KSEE

x =
Huz

ror

—_—

R, SATHRAY ABTFEAH2002).
Dhooge P. M., “An Electrochemical waste processing system

N

for closed environments,” In Proceedings of the 8th Princeton
AIAA/SSI Conference. American Institute of Aeronautics
and Astronautics, Washington, D. C., 90~97(1987).

3. Kreysa G., “Reactor design for electrochemical water treat-
ment,” In Process Technology for Water Treatment(Edited
by Stucki S.), Plenum Press, New York, 65~83(1988).

4. Sharifian H. and Kirk D. W., “Electrochemical oxidation of
phenol,” J. Electrochem Soc., 15, 921~924(1985).

5. Brunner, P. H.,, Capri, S., Marcomini, A. and Giger, W., “Oc-
curence and behaviour of linear alkylbenzenesulphonates, non-
ylphenol, nonylphenol mono-, and nonylphenol dichoxylates
in sewage and sewage sludge treatment,” Water Res., 22(12),
1465~1472(1988).

6. Han, S. K., Nam, S. N. and Kang, J. W., “OH radical moni-
toring technologies for AOP(Advanced oxidation process),”
First IWA Asia-Pacific regional conference, 1Dp3.

7. Snoeyink, V. L. and Jenkins, D., Water chemistry, John Wiley
& Sons(1980).

8. Israilides, C. J., Vlyssides, A. G., Mourafeti, V. N. and Kar-
vouni, G., “Olive oil wastewater treatment with the use of an
electrolysis system,” Bioresour. Technol., 61, 163~170(1997).

9. Chiang, L. C,, Chang, J. E. and Tseng, S. C., “Electrochemi-
cal oxidation pretreatment of refractory organic pollutants,”
Water Sci. Technol., 36(2-3), 123~130(1997).

10. Comninellis C. H. and Pulgarin C., “Anodic oxidation of phe-
nol for wastewater treatment,” J. Appl. Electrochem., 21, 703~
708(1991).

11. Stucki S., Kotz R., Carcer B. and Suter W., “Electrochemical
wastewater treatment using high overvoltage anodes, part II :
anode performance and applications,” J. Appl. Electrochem.,
21, 99~104(1991).

12. Mendia L., “Electrochemical processes for wastewater treat-
ment,” Water Sci. Technol., 14, 331~344(1982).

13. Farmer J. C. and Wang F. T., Hawley-Fedder R. A., Lewis P.
R., Summers L. J. and Foiles L., “Electrochemical treatment
of mixed and hazardous wastes: oxidation of ethylene glycol
and benzene by silver(I),” J. Elcetrochem. Soc., 139, 654~
662(1992).

14. Della Monica M., Agostizno A. and Ceglie A., “An electro-
chemical sewage treatment process,” J. Appl. Electrochem., 10,
527~533(1980).

15. Poon, C. P. C. and Brueckner, T. G., “Physicochemical Treat-
ment of Wastewater seawater mixture by electrolysis,” J. WPCF,
47(1), 66~78(1975).

16. Standard Methods for the Examination of Water and Waste-
water, 20th Ed. APHA., AWWA and WEF(1998).

17. SA R, 24820 5 A LR (2002).

18. Lamy, C., “Electrocatalytic oxidation of organic compounds on
noble metals in aqueous solution,” Electrochemical Acta., 29
(11), 1581~1588(1984).

19. Marincic Ljiljana and Frank B. Leitz, “Electrochemistry and
electro-oxidation of ammonia in wastewater,” J. Appl. Electro-

CHEHErA 285X | ®I333 ®105] 2011 10

715



716

KB TEYEEE S

A hrul
Hoe - HYR

=

20.

21.

22.

23.

24.

chem., 8, 333~345(1978).

Kim, K. W,, Kim, Y. J., Park, G. I. and Lee, 1. H., “Electrolytic
Decomposition Mechanism of Ammonia to Nitrogen at IrO,
Anode,” Korean, Chem., Eng. Res., 42(5), 524~531(2004).
Comninellis, C., “Electrocatalysis in the Electrochemical Con-
version/Combustion of Organic Pollutants for Waste Water Tre-
atment,” Electrochimica Acta, 39, 1857~1862.

v, vk, “A7158eHA Wl gt Hlao] ey
o} A|Ao] Bt A tEtehE-33t3]A], 6(1), 44~55(1984).
Kim, K. W,, Lee, E. H., Choi, 1. K., Yoo, J. H. and Park, H.
S., “Electrolysis of Nitric Acid by using a Glassy Carbon Fiber
Column Electrode System,” J. Radioanal. Nucl. Chem., 245(2),
301(2000).

Bard, A. J., Parsons, R. and Jordan J., “Standard Potentials in
Aqueous Solution,” P127, Marcel Dekker, Inc. N. Y(1985).

25.

26.

27.

28.

29.

Paidar, M., Bouzek, K. and Bergmann, H., “Influence of Cell
Construction on the Electroreduction of Nitrate,” Chem. Eng.
J., 85, 99(2002).

Genders, J. D. and Hartsough, D., “Electrochemical Reduction
of Nitrates and Nitrites in Alkaline Nuclear Waste Solutions,”
J. Appl. Electrochem., 26, 1(1996).

Calvin P. C. Poon, “Electrochemical process for sewage treat-
ment,” 28th Industrial Waste Conference Proceeding, 8, 281~
292(1973).

Lidia S., Jereni N. and Francesco Z. G., “Electrochemical tre-
atment of tannery wastewater using Ti/Pt and Ti/Pt/Ir elec-
trodes,” Water Research, 29(29), 517-524(1995).
Diamadopoulos, E. and Benedek, A., “Aluminium hydrolysis
effects on phosphorus removal from wastewaters,” JWPCF,
56(11), 1165~1172(1984)

I Journal of KSEE | Vol.33, No.10 | October, 2011



