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Treatment of Industrial Wastewater by Electrochemical Method
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ABSTRACT : For electrochemical treatment of industrial wastewater, the effects of voltage, distance between
electrodes, initial pH and NaCl concentrations on removal of pollutants were investigated in a batch electrolysis system.
Temperature and pH in electrochemical reactor increased with increase in supplied voltage, but no significant change in
EC was found. Removal of COD, turbidity, T-N and T-P were also enhanced with increase in the voltage. On the
conditions of short distances between electrodes and long electrochemical reaction times, it was found that COD and
T-N were very effectively removed in the system. Regardless of the distances, more than 80% of turbidity and T-P
were removed at the beginning of reaction. When initial pH of the wastewater was about 7, the highest efficiency of
COD removal was found in the system. On the other hand, removal efficiency of turbidity was unlikely affected by
initial pH of the wastewater. T-N removal was increased with increase in initial pH. T-P was successfully removed in
the pH range of 5 to 9 with varying removal efficiency of 79 to 96% after 2 minutes of electrochemical reaction
time. Addition of NaCl into the electrochemical reactor increased removal efficiency of electrochemical treatment. The
highest removal efficiency of COD and T-P, turbidity and T-N was obtained at NaCl concentrations of 500mg/L, 1,000

mg/L and 500mg/L, respectively.
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Table 1. Characteristic of wastewater from agricultural industrial

complex.
Temper- Turbi- . -
ature pH EC COD dity TN T-P CI SO
(T (ms/cm) (ngl) (NTU) ----o-- (mgfL) --—---
Max. 26 68 24 562 966 94 24 129 377
Min. 23 52 L1 234 441 53 23 S6 62

Av. 25 68 16 42 632 8 13 77 251

HEEX ¥ Uy

£ AYd ALg% 3§ ArsshigzE Fig 13 20 &
71%ghke 20 27]E 12000 X 120m0 X 160mE A SmEAS F9
o} aYFAZ AFgon, U AIFHE F£Ho2 WP
1 A=gY AL 23 71ssA YT
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K Na Ca Mg Fe Mn Cu Zn

(mg/L)
Max. 442 489 419 0.8 11.3 0.64 0.03 49
Min. 119 123 120 0.2 05 005 001 03
Av. 263 251 38.4 0.6 49 031 002 26
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Fig. 1. Schematic diagram of batch experimental apparatus.
A : Electrolysis cell D : Cathode G : Voltmeter
B : Magnetic stirer E : Anode H : Ammeter

C : Magnetic bar F : D.C power supply 1 : Thermometer
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Table 2. Variations of temperature, pH and EC according to the
electrolysis time under the different voltage in the batch

electrolysis.
Voltage Electrolysis time (min)
W) 1 2 5 10 20 30
Temperature (T)
5 25.3 26.7 298 322 345 384
10 26.5 273 302 339 36.8 42.1
20 26.1 289 327 358 41.5 458
pH
5 6.85 6.88 6.98 725 7.30 7.35
10 6.96 7.01 7.25 7.50 7.60 7.78
20 6.87 721 7.30 7.78 7.93 8.25
' EC (ms/cm)
5 1.20 1.23 1.29 1.52 1.74 1.80
10 2.40 1.92 1.80 1.70 1.75 1.82
20 1.80 1.79 1.90 1.85 1.89 1.95

The experiment was conducted under the conditions of lcm of
distance between two electrodes.
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Fig. 2. COD removal according to the electrolysis time under the
different voltage in the batch electrolysis. The experiment
was conducted under the conditions of lcm of distance
between two electrodes.
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Fig. 3. Turbidity removal according to the electrolysis time under the
different voltage in the batch electrolysis. The experiment
was conducted under the conditions of Icm of distance
between two electrodes.
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Fig. 4. T-N removal according to the electrolysis time under the
different voltage in the batch electrolysis. The experiment
was conducted under the conditions of lem of distance
between two electrodes.
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Fig. 5. T-P removal according to the electrolysis time under the
different voltage in the batch electrolysis. The experiment
was conducted under the conditions of Icm of distance
between two electrodes.
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Fig. 6. COD removal according to the electrolysis time under the
different distance between two electrodes in the batch
electrolysis. The experiment was conducted under the
conditions of 20 voltage.
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Fig. 7. Turbidity removal according to the electrolysis time under the
different distance between two electrodes in the batch
electrolysis. The experiment was conducted under the
conditions of 20 voltage.
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Fig. 8. T-N removal according to the electrolysis time under the
different distance between two electrodes in the batch

electrolysis. The experiment was conducted under the
conditions of 20 voltage.
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Fig. 9. T-P removal according to the electrolysis time under the
different distance between two electrodes in the batch
electrolysis. The experiment was conducted under the
conditions of 20 voltage.
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Fig. 10. COD removal according to the electrolysis time under the
different pH in the betch electrolysis. The experiment was
conducted under the conditions of lcm of distance between
two electrodes and 20 voltage.
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Fig. 11. Turbidity removal according to the electrolysis time under
the different pH in the batch electrolysis. The experiment
was conducted under the conditions of lcm of distance
between two electrodes and 20 voltage.
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Fig. 12. T-N removal according to the electrolysis time under the
different pH in the batch electrolysis. The experiment was
conducted under the conditions of lcm of distance between
two electrodes and 20 voltage.
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Fig. 13. T-P removal according to the electrolysis time under the
different pH in the batch electrolysis. The experiment was
conducted under the conditions of Icm of distance between
two electrodes and 20 voltage.
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Fig. 14. COD removal according to the electrolysis time under the
different NaCl concentration in the batch electrolysis. The
experiment was conducted under the conditions of Icm of
distance between two electrodes and 20 voltage.
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Fig. 15. Turbidity removal according to the electrolysis time under
the different NaCl concentration in the batch electrolysis.
The experiment was conducted under the conditions of lcm
of distance between two electrodes and 20 voltage.
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Fig. 16. T-N removal according to the electrolysis time under the
different NaCl concentration at batch electrolysis. The
experiment was conducted under the conditions of lcm of
distance between two electrodes and 20 voltage.
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Fig. 17. T-P removal according to the electrolysis time under the
different NaCl concentration in the batch electrolysis. The
experiment was conducted under the conditions of lcm of
distance between two electrodes and 20 voltage.
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