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Abstract: This study investigated the efficiency of electrochemical oxidation in removing
chemical oxygen demand (COD) from leachate. The paper studies the factors affecting the
efficiency of removing COD of leachate, such as applied voltage, electrolysis time and Cl-

concentration. Charcoal composite electrode was used as anode, the results show that the
electrochemical oxidation can be applied to leachate treatment. The operating conditions
were applied voltage of 15 V , the raw pH, Cl- concentration of 1.5 % (w/v), operating time
of 90 min. with charcoal-poly vinyl chloride (C-PVC) electrode, the highest COD removal
efficiencies was 82%.
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Introduction

 Landfilling is the most widely used method for the waste treatment. Leachate is commonly generated
from precipitation, surface run-off, and infiltration or intrusion of groundwater percolating through the landfill1.
Leachate is difficult to be treated to satisfy the discharge standards for its variable composition and high
proportion of refractory materials2.Many  treatment  methods  have  been  used  to  treat  the  leachate,  such  as
advanced oxidation techniques, membrane processes, biological processes, coagulation–flocculation methods
and so on3.For the characteristics of leachate change with advancing years of the landfill, these methods have
some shortages such as decreasing treatment efficiencies and increasing cost1. Therefore, some effective and
economical treatment methods need to be developed to solve these problems. Electrochemical (EC) is a simple
and efficient electrochemical methods for the purification of water and wastewaters4. An electrochemical
method is characterized by simple equipment, decreased amount of sludge, easy operation5. Electrochemical
oxidation is an efficient method for the treatment of potable water, textile dyeing wastewaters, tannery
wastewater pre-treatment, restaurant wastewater and so on6 The technology lies at the intersection of three more
fundamental technologies: electrochemistry, coagulation and flotation7.

Materials and Method

Leachate sample

In the experimental study, Leachate samples were collected from Jeram Sanitary Landfill, which is
located in an oil palm plantation near Mukim Jeram, Kuala Selangor, Malaysia. The samples were collected in
1L amber glass bottles transported in ice cool container to the laboratory and stored at 4oC in order to keep the
leachate characteristics unchanged.
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Preparation of C-PVC Electrodes

The composite electrode was prepared accordingly as already discuss by other author elsewhere, by
mixing together a weighed portion of charcoal  powder with PVC in 4 ml tetrahydrofuran (THF) solvent and
swirled flatly to homogeneous followed by drying in an oven at 100˚ C for 3 h. The mixture was then placed in
1 cm diameter stainless steel mould and pressed at 10 ton/cm28,9. A typical pellet contained approximately 70%
(w/w) metals powder and 30% (w/w) of PVC polymer. The total weight of pellet obtained is approximately 1
gm. The pellets were connected to silver wire with silver conducting paint prior covered with epoxy gum. The
ratio of Charcoal with PVC in the prepared electrode is as summarized in Table 1.

Table 1. Ratio and composition charcoal powder and PVC for electrodes prepared

Note: C= charcoal powder

The Experimental cell

The electrochemical cell is consisted of a DC power supply (CP x200 DUAL, 35 V 10A PSU) and a
glass beaker (250 ml) completed with C-PVC composite electrode as an anode and stainless steel rod (d = 10
mm) as cathode. The electrodes were placed vertically and parallel to each other in the electrolytic reactor, with
the distance between the cathode and anode was approximately 1cm. The stirrer was used in electrochemical
cell to maintain an unchanged composition (Figure 1).

Figure 1.The schematic experimental setup

Analysis

The physicochemical characteristics of landfill leachate were determined on the basis of common
physicochemical properties according to the standard methods for analysis of wastewaters and surface water
developed by the American Public Health Association10.  The  analysed  parameters  (COD,  color,  NH3-N and
total-P) were measured by a spectrophotometer (Hach Odyssey DR/2400). The pH was measured by a pH meter
(Metrohm). Total dissolved solids (TDS) and conductivity were measured by using a conductivity meter (Cond
610). The average values of the selected physicochemical parameters of the raw landfill leachate from the Jeram
landfill prior to treatment were analysed as listed in Table 2.

Table 2. Characterization of raw leachate samples collected from Jeram Sanitary Landfill

Parameter Color
Pt-Co

COD
mg/l

BOD5
mg/l

NH3-N
mg/l

Total-P
mg/l

pH TDS
ppt

Conductivity
mS/cm

Value 14960 49000 14790 3800 200 8.65 28.09 29.67

Electrode Weight Ratio C
(g)

PVC
(g)

C: PVC 70: 30 0.7 0.3
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Results and Discussion

Effect of electrolysis time

The effect of electrolysis time was investigated in the range 10 to 120 minutes by the following
conditions: raw pH, 10V applied voltage values. As can be seen in Fig. 2, an increase in the time from 10 to 120
minutes yield an increase in the efficiency of COD removal from 17 to 83%, it does not change significantly
after 90 min. When the electrolysis time increases, more hypochlorite ion will be produced in solution under
fixed current density11, also the rate of bubble-generation increases. Therefore, COD value in the solution was
reduced in higher concentration of hypochlorite, due to ability of hypochlorite ion to oxidize and degrade
organic molecules in landfill leachate12. The pollutants in leachate were removed by the effect of coagulation
and flotation. High electrical energy consumption with the increasing time, the optimum time of electrolysis is
90 min.

Figure 2.Effect of electrolysis time on COD removal

Effect of applied voltage

The applied voltage had a significant influence on the efficiency of electrochemical process13. The
investigated applied voltages were5, 10 and 15V. Fig. 4 depicts the effect of applied voltage on the removal
efficiencies by the following conditions: raw pH, 90 min electrolysis time. As shows in Fig. 4, the removal
efficiency of COD at applied voltage 5 to 20 V increase from 41 to 83%, it does not change significantly at
higher applied voltage. By the increasing of applied voltage, the increase in hypochlorite ion approaches
equilibrium with degradation of organics present in the effluent14. Increasing the applied voltage of the
electrochemical cell followed by the production of more electron, which results in increasing the rate of overall
reaction15. But more energy would be consumed at higher applied voltage, Moreover, the rate of bubble-
generation increases and the bubble size decreases with the increasing of applied voltage, resulting in a faster
removal of pollutants by H2 flotation16. So 15 V was used for further study.

Figure 3. Effect of applied voltage on COD removal
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Effect of Cl- addition

 The electrical conductivity of the solution is an important parameter for saving electric energy17.To
increases the electric conductivity of the solution, NaCl was used as the supporting electrolyte. The time is 90
min and the applied voltage is 15 V. The effects of Cl- on the removal efficiency were studied at 0,0.5, 1, 1.5
and 2% (w/v) levels. As is seen in Fig. 6, An increase in the concentration of Cl- from 0.5 % (w/v) to 2 % (w/v)
yield an increase in the efficiency of COD removal from 70 to84%, it does not change significantly after 1.5 %
(w/v).  With  the  Cl- concentration increases, the passivation of the electrode can be relief and the ability of
electric conduction can be improve17,18. During the electrochemical process, the Cl- will be discharged at the
anode to generate Cl2,  then  the  Cl2 can  be  chemically  convert  to  ClO-which can oxidize the pollutants
effectively19. To take into account the cost, the optimum concentration of Cl- is 1.5% (w/v).

Figure 4.Effect of NaCl concentrations on COD removal

The reduction in COD value was due to the breaking of large molecule to a small molecule which is
easier to be oxidized chemically or biologically by electrochemical oxidation technique21,22. This breaking
process was supported by the existence of self-generated hypochlorite ion which is able to reduce the
concentration of organic compound available23,24.

Conclusions

 Based on the experiment of treatment of leachate by electrochemical oxidation, this paper studies the
factors affecting the removal efficiencies. The results indicate that e1ectrocoagu1ation can be used to the
leachate preprocessing. Under conditions of charcoal-PVC electrode, 15 V applied voltage, 1.5 % (w/v) Cl-

concentration, 90 min electrolysis time and unchanged the raw pH, the removal efficiencies of COD was82%.
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