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Application of Electrochemical Method for Decolorization of

Biologically Treated Animal Wastewater Effluent
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Division of Animal Resource Science, Kangwon National University

ABSTRACT

This research was conducted to clarify the characteristics of electrochemical decolorization of effluent
discharged from a biological animal wastewater treatment process and to finally establish parameters or
mode for optimum operation of electrolysis system. Average color unit of wastewater was about 1,200 and
DSA(Dimensionally Stable Anode) was used as electrode. Experiments were performed with two different
operation conditions or modes, fixed voltage-free current(Run A) and free voltage-fixed current(Run B).
Color removal rate was proportional to the electrode area and electrical conductivity, and an equation
subject to them at a condition of fixed voltage was derived as follows; Ci=Coe ™™, k=[{0.0121 x 2 (dm?)
x ¢ (mS/cm)} +0.0288], [where, Co: initial color, C;: color unit after treatment for t, k: reaction
coefficient, t: time (min.), a: electrode area, c: conductivity]. From the study on the effects of current
density on color removal, it was revealed that the removal efficiency of color was function of the current
density, showing direct proportion. However, when considered energy consumption rate, maintenance of
low current density was an economical way. Based on the obtained results, it was concluded that
supplementation of electrolyte is not necessary for the removal of color from the effluent of secondary
treatment process and operation with the mode of free voltage-fixed current, rather than operation with
fixed voltage-free current mode, would be an efficient way to increase the removal performance and
capacity per consumed energy.

(Key words : Electrochemical, Color, Electrode area(dm?), Conductivity(mS/cm), Voltage(V), Current(A)).
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Ago] AME FUTERe FAHETE A
3} SBR(Sequencing Batch Reactor)e] W/
AREsIGlom i A% Zh2 1199.0 color unit,
A7) A EEE 3.8 mSlem SitH(Table 1).

Table 1. Characteristics of water

Color (unit) E C (mS/cm)
Min 1037.3 35
Max 1562.1 4.0
Mean 1199.0 3.8
Stdev 160.5 0.3

A7)8ke w-eF= 14 cm(W) x 18 em(L) x 32
cm(H)®] lab scale® % &% 81 L, & &4
6LTFER AA st AT d=vHAnode)2
Aol wel deasy) Ay ado] & Aol
& Holn Helgdsoel vE d5e vla) A
=akst whg g o] etk Bt whek(d
S5, 2001, 2002) ElERE(Ti)Ol ol H(Ir0)S A
z+el 584 =¥H(Dimensionally Stable Anode,
DSA)S AFE-3191 a1, &= FH(Cathode)<> stainless
E ARSIt ] A7) 2em(W) x 20
eml) =2 30cem(L)= &P G o
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Anode Cathode

<]

DSA Stainless
(Dimentional steel
stable anode

1: influent bucket, 2: Effluent bucket, 3: Rectifier, 4: Electrodes, 5: Pump

Fig. 1. Schematic diagram of experimental apparatus.

A A71e] 5% F JlE 6mm PASE Taple 2. Operating condition

B AAstel stk AfFEEs S Electrode Conductivity Input Input
alf HiHdsk 12v, HHdF 250A°] power supply  Run A area Ampere voltage
= A5 THFig. 1), dm’)  (mSkm) (A (V)
1 0.51 35 Free 12
2. 27X dhH 2 0.51 7.0 Free 12
3 0.51 10.0 Free 12
A7) E s QS nE ANARE 4 1.00 35 Free 12
AR, fAAY S AR 5o £HAR > 100 7o Free 12
of tE AwAA 543 2AEEY & % 6 100 100 Free 12
oFelil 1 AihE TAR Faes A A T 35 Free 12
27 AFR LA =Eeu § 8 140 o Free 12
7HA(Run A} B) EAzBANN 2EE 43 s
5}9itH(Table 2). Run AdIA = U] 7kA¢] A= o 176 85 Free 12
g2 A2udn) 3o Az g2 471455 11 1.76 7.0 Free 12
ZA e MEAA EAS ulols Aom 12 176 10.0 Free 12
S batch mode Ao 7M1 Electrode Conductivity Input  Input
=9 Wgh= NaCls #7bete] 35,7, 10mS/km  Run B area Ampere  voltage
2 A8s F1, dFude gz 5 @) (msem) A M)
oA7te dA= AMeE deElstd G571 051, 1 1.76 4 852  Free
1.00, 140, 176dm’Z ZAsle]l AFsch 2 1.76 4 568  Free
soldere 1ovE TAIIT W4 oA A7) 3 1.76 4 2.84  Free
spehitgo] Fag AFA)t 28HES o)
At 3. 24 A¥
Run BolX= =04 176 dm’, 4725 2.84,
568, 852A/dM oA FaAE on, AFHE M= o] =L UV-visible spectrophotometer
el e Aol £ HEE Sk (Optizen, 2120UV)Z ©]-&3lo] 400 nmell A ab
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m. 22 2 oz

Ao S A FHALATAHAGH o3t
A9k 400 nmol| A1 2] absorbance value 7+ At
HHAE FstaAt 4 FALAT AT
o] 2]A%t standard §Ho] g absorbance
valueE scanningst 2=}, 7FA1A 34?0 380-
780 nm I H A= 7 &2 3782l 380
nmoll A absorbance value®] TZAAdo]l 7 =
A deEbtthFig. 2). ey dubH el AR E
o]&3te] 380nmell Al FAkE e} o] w2
M-S Z2HE tIA-E2] absorbance valueE &
Gsh= Ao] &olakA] &5l wet FUg A
59| absorbance valueE 400 nm<} 380 nmoi| A
=A3le] vle]E A3} H]= 400 nmol A
Z%sl 74 380 nm Elq—b u71-/1%o] tﬂo]z]x]
1l (400 nmoﬂ Hl & 380 nmoll A A3 gho] oF
1.8vf & @k 7F) 400 nmell A S e ol
Antz ¢l spectrophotometerS o] &l = =}
A AEZE a2 FAESG 23 A5
AMEE Ags] SAste 3o 7Med soR
L EFLTHFig. 3A).

Eok Age AHgE Fge 4
ARl o3k AL %bﬂr 400nm 7ol A €]
Fig. 3B, 3C
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Fig. 3. Absorbance value vs Color unit.
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Fig. 2. Scanning diagram for each color(unit) of standard solution.
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1 MSHND MI|MEE QE HAELRE ol 71918 A& NaCloll Jsf
stol LAk 2E S EC] A H
A=A s A7AEE7E A71skets Al ARE ekl = frlEAREe] 2 43S
Aol mA= FFS LolraA HWYHAER 35, WFHY] WiEo® dAdHnk f7]Ee] AlA
7.0, 10.0mS/em®} A=44] 051, 1.00, 140, 1.76  3lo] fao]29] HIFFE vwig- Fag AAE
dm?ell A A sk A Aol 2e s fUlE AEeS v
Table 32 *7] Mg} M7t 85%7HA] Al e Ae® HuEI tH(Chiang 5, 1995).
AHE AL AAR A%, 85% AAE - d o]k Ao o7 ASwAN ARt
< AEgs vER Zlolt) 85% 7bAe] M= HFEEe] vAls S sk A=A
AA AR AFEA 176dmt A7IAEE wkeAE EES £ gle ol waE ek
10.0msS/iemell A 7hg whe 22982 HYlom Aol A= dEwAe] An AVIHRERETE
A=d4 051dm’, A71AEE 35mSemelld &= whEA A met A5wEga} A
7Fg =9 203.2%0] £2¥lth AV|HAEE AR w2 HREAK)E T8k ARl
AEHAe e AEAAELS & o 4541 o2 A% AAZES 958 7 ds Aol #
Aol Aal, AVARET ALSS AeAqAds duo] A whee 1ANkg FEste] ot
W= AeEs & ¢ AATE olFA A= Bk de 7Y Spelld Kk fres Bt
A3 ALw7t H&5575 AEAA S27b e ok
A A= AL AT A7 ALET} & AC/d; = = KCp -vvrvvrnrnremnnnremnmnnennnnnnnns A 1
QlAF ke AA &) WFEolgtm Ity > C =Coe M e ] 2)
o} A=EHA Y U AF7 2= HA 2} [where, Co: initial color, C;: color unit after treatment for t,
AS A st o OH & dlo]xY k: reaction coefficient, t: time(min.)]
kel o3k F=Akst RS AS A gk
A7 eee A sHEHaAE 2e e K d71deieel A=) wet ws)st
2 ANAREETE woheE A Age] Ars 7] wfie] Table 39 A#E o]&3te] K e
e wet meba Fdgh ddstelA we dold AikFig. 4A) H7IFAEE 35mS/emd]
Ao 355 98 & Advh By oplgt g AswHA o] gedlel wEh whEE Kidd

Table 3. Color removal rate vs electrode area & electric conductivity

0.51dm’ 1.00 dm’ 1.40 dm’ 1.76 dm’
Co 1091.0 1128.9 1101.0 1138.0
Time(min) 35 203.2 110.1 63.7 37.2
dC; mS/cm 927.4 959.6 935.9 967.3
Ci 163.7 169.3 165.2 170.7
Co 1072 1037 1131 1280
Time(min) 7.0 110.3 46.5 355 30.4
dC; mS/cm 911.2 881.45 961.35 1088
Ci 160.8 155.55 169.65 192
Co 1100 1108 1087 1205
Time(min) 10.0 73.8 29.9 27.2 229
dc; mS/cm 935.0 941.8 924.0 1024.3
Ci 165 166.2 163.05 180.75
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Kot © 0.0716% 718kl o™ 7.0, 10.0 mS/cm
A= Z+ZF 0.1098, 0.1498% S71ES &
AN w7 EEel d5EE st
gekS 23 K #2 (Fig. 4B) °F 0.0121x +
002885 & 4 AUAAUTE wEbA HVHARLE
AHAol w2 Kk 2 3)7} o] A=<
R
K =[0.0121 x electrode area (dm?) x conductivity
(MS/CM)] + 0.0288 -++-verreeremsreeennans (/5]3)

— overall —
dC/d; = -kCy
Ci=Cee ™
k = [0.0121 x z(dm®) x ¢ (mS/cm)] + 0.0288,
[where — a: electrode area, c: conductivity, ]

0.30 y=0.0716 X
[A]
35 Ro-08334
0.25 1 y=0.1098 x
m7.0
0.20 | R2=09775
g =0.1498 x
=) a100”
S 015 | R2=0.9424
4
0.10 |
0.05 | -
¢
0.00 L . . )
0 0.5 1 1.5 2
Hectrode area(dn?)
[B]0.16
0.14 |
012 f
o 01 f
% 0.08 | y=0.0121 x+0.0288
2. R2=0.9961
X 0.06 |
0.04 |
0.02
0 . X ,
0 5 10 15

Eectrode area & conductivity

Fig. 4. K value vs Electrode area.
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I y=0.2313 x+21.101
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Fig. 5. Ampere changes vs times.
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1983; 4 &, 2000).

Table 4= 95% 7419 A=A Aol AR E=
AEgat 19 A cycle & 2 B d¥sw
S HoFE Zor AHAV|HEE 7.0mS/cm,
HAFHA 051dmol A 71 4L 59.8 kwim’S]
AEe av)slE Ao® eI, 3.5mS/em,
140 dm*o| A= 1T 9F7F =8 74.6 kwim®e]
Aol 2RES & 4 ATk 22} 35mS/
cmAll Al 7mSlem7bA] VA EEE Fol7] ¢
34+ Fig. 691 YERE A7 o] NaCl 1000
mg/L7} 1.8 mS/eme] A7ALEE AsAl7ld]
gl =9 1.94kge] NaCle] #H7bwojof &}7]
ol 7.0mS/eme] 0.51dm’E ©3]2] 35mS/
cme] 140dm’* Bt} Agu]go] Wo] == A
o2 Yebgt}h 3 7mSieme] 051 dmPol A 6
cycles/de] o] 7}sgk WA, 35mS/eme] 1.40
dm?ll A& 10 cycles/de] $4o] 753l A&
SE gl lo] 4shAl B = Ao
upebA] 1G9k (12V)stel A o] A&
A7IHMELe] JEs olFoTE HaEd A
7} glo] AFHA 140dm’ FEoE SAEE=
Aol npAst o2 ettt

A7) 5ol <3k A=A A glo] HA AR

U2 globstaal Run BollAE A=W 1.76
dm?ollx] AFUEE 284, 568 852 Adm’=
W 3lsto] AglElItH(Table 5). =L 23 AFE
T 444 Adm? BT} 148 AldmPoll Al 8o &
FIHE & 5(2001)9] Hieles € A=
AAEZES AFLET 2855 £2 3oz
el vhd dgans AAZsd ki
2 Z}7Zt B 908, 25.1, 50.5kws A EE}o]
2.84 Aldm’el] ®]3] 852 Aldm’7} 6.94] o A
S sk Zlo® Y dRdEsE A
sle] k= Aol AAAA MmAAYHY
T ATk olEgt Ay I dR-Rsdel
Agte] Wskel IAVE U= A= 852
dnPell A 11v7E % whE 2.84 Aldmiol
A 5.45VERe] f-<] Z 15k},

rr
Pt
o
N
rO
ol

12
y=0.0018 x+2.7801

R?=0.9999

=
o
T

y =0.0018 x
R2=0.9999

Conductivity (mS/cm)
(2}

0 1000 2000 3000 4000 5000
NaCl conc. (mg/L)

Fig. 6. Electric conductivity vs NaCl conc.

Table 4. Total consumption of electric power and treatment capacities per day

Parameters 3.5 mS/cm 7 mS/cm 10 mS/cm
(dm°) Power (KW/m®)  Cycles  Power (kW/m®)  Cycles Power (KW/m®) ~ Cycles
0.51 104.5 3.9 59.8 6.0 82.6 10.1
1.00 96.4 6.4 102.5 14.0 93.2 16.9
1.40 74.6 10.0 76.8 18.8 78.4 25.0
1.76 88.8 11.3 89.8 21.8 80.5 35.8

Table 5. Color removal efficiency and consumed electric power.

Parameters Influent Effluent Removal Electric power(kW)
(A/dm?) color unit color unit efficiency (%) per ton
2.84 1562.1 282.9 81.9 9.08
5.68 1440.5 2146 85.1 25.1
8.52 1454.2 184.5 87.3 50.5
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Fig. 7. Color removal efficiency & voltage change vs time.

Fig. 7> WH-SAIZE Aol e MmAAE
sl Al R Alolt). AREUE g5 Aldm?
oME 7] 6074 st MEAAE HS]
o} % NEAAZ F3E AT 2 2.84
Aldm?$} 5.68 Aldmell A= 8.52 AldmPoll A ¢ 7+

& FA% AnAAE oy Azl " ® sl AR R 4 gle Bl
LT AAE Hol= AeE YelgTh SIS ovgth olgg A¥t= vF Run
Table 6> Run A$t Run B + WS v A9 o] AYs 12vE 1AL fredi =
L Grekr] Sl 80% MEAARES A7 AelA &dshkE WHETE Run BollA ok
Ao gA5AE vlal BAF Aotk AMwal o] AFE A FASEA W me A
A v AFREES AE o agd902y), & FEHeR FYEES e &dUYel &
FEAFA), QA Tk 2R ARlA &3 0 8HQ) SN mgE e o
M e AFEEOQAWANS BT T8 Aok Ag" zAAMe FAbu4 23 A
U AZAaR wedE 17.0kwim’2 FEAt o AEAA Ao Haeld drlelel fE At
V), 2AAFE84Adm?), Hsld FH7E Al SlellA] 28 Adm* R 2 HEHE slo] 7MY m &
84kwh/m’(Run B)ET}F 2uf o] & Aoz  olgon o] ydae B olyxu]g-& of
btk dFage] Sl Betar A9 2049 HESATHE5 WKW 7]E).
Hl7E Wl &8 2 Hilwle] AEA]
Table 6. Characteristics of color removal vs operation condition
Electrode  Conductivity Input Input Consumed  Consumed power Removal
area(dm?) (mS/cm) voltage(V)  ampere(A) time(hr.) (KW/m®) (%/A.h)
10.0 12.0 F*(46)** 0.33 30.3 5.06
7.0 12.0 F (39) 0.48 374 4.28
176 35 120 ] Fan 050 1o .M
4.0 F*(5.45)**  2.84(A/dm?) 1.85 8.4 8.64
4.0 F (7.60) 5.68(A/dm?) 15 19.0 5.33
4.0 F (10.0) 8.52(A/dm?) 11 26.2 5.08

*F. Free, **( ): Obtained values.
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V. Z =

A=t Fabdla Aol MEAAC 9
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AswA s AVdesrh Ades Ao 5
2 wowdl meEt AmArs dws] s
Ao® Yeptow thav e ARAA nke
A& =E5T F %k

Ci=Ce ™
k = [0.0121 x a(dm?) x ¢ (mS/cm)] + 0.0288
714 Caz d 9 Ak, G 27,
= WAt A1ZHmin), a = ASEE (dmd),
e A7IAEE(mSem)E ov]dith =3 f-F
Ak, LA HF %71(2.84 Aldn, 5.68 A/dm’, 8.52
Adm)ol A APE A3t AFAEs}t F52 =

& MEAAFEES HolEe Zow uUehwith
ey ARG - FedREE, fedd-a
AAFLE HY 2R A5Ed 474
TE, AFUE Z7hd 98 Aw AAATF T
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FExoA AEE 2.84 Aldmie] 7 AA|F el
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