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Abstract

Landfill leachate normally contains organic and inorganic pollutants in‘high concentrations. Electrochemical oxidation technique
is an effective method to treat landfill leachate, have high efficiency in organic pollutants degradation and ammonia removal. In
this study, a cost effective charcoal base metallic composite electrode to treatlandfill leachate by electrochemical oxidation was
fabricated. The effects of operational parameters such as'supporting electrolyte, applied voltage and electrolysis time on the
removal percentage of Color, COD, NH3-N and total=Py(PO, ) Were carried out. The results obtained show that the removal
percentage of Color, COD, NH,-N and total- P (PO,?) are 70, 89, 73 and 80 % respectively. Under the optimum operating
condition, sodium chloride concentration, of 1:5.% (w/v),<appliéd voltage of 10 V, operating time 180 min and CgoC®5C01o-
PVCg5 electrode as an anode were used.
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Abstrak

Air larut lesap dilaporkan mengandungi jumlah bahan pencemaran organik dan bukan organik dalan kuantiti yang tinggi. Kaedah
pengoksidaan elektrokimia adalah,merupakan satu kaedah yang berkesan dalam merawat air larut lesap kerana kecekapannya
yang tinggi dalam pemecahan bahan pencemaran organik dan ammonia. Dalam Kajian ini, elektrod logam komposit yang
berasaskan arang yang tidak saja murah tetapi berkesan dalam merawat air larut lesap secara elektrokimia telah berjaya
difabrikasikan. Kesan parameter pengoperasian seperti kepekatan elektrolit penyokong, keupayaan yang dikenakan dan masa
elektrolisis dalam mengurangkan warna, COD, NHs-N dan jumlah- P(PO,® telah dijalankan. Hasil kajian mendapati pada
keadaan optimum, peratus penyingkiran warna, COD, NHz-N dan jumlah-P(PO,) masingnya-masingnya ialah 70, 89, 73 dan 80
% telah dicapai. Keadaan optimum yang diguna ialah kepekatan NaCl 1.5 % (w/v) sebagai elektrolit penyokong, keupayaan yang
dikenakan 10 V, masa operasi 180 min dan elektrod Cg,C®;5C01o-PVCy5 digunakan sebagai elektrod kerja (anod)

Kata kunci: air larut lesap, arang, elektrod, elektrokimia

Introduction
Landfill leachate is a major source of pollution caused by the wastewater generated from solid waste buried
underground [1]. It can readily pollute soil and penetrates into the underground layers of ground water resulting in
severe underground water contamination which is one of the major water sources for human societies [2]. Leachate
from landfills represents an extreme wastewater which requires intensive treatment before discharge [3]. Leachate
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can be categorized a liquid waste that contains high chemical oxygen demand (COD), high levels of ammonia and
phosphorus as well as elevated values of total dissolved solid (TDS) [4]. In order to reach environmental friendly
criteria for landfill leachate, these pollutants level should be minimized to an acceptable discharge limit. Hence,
landfill leachate must be collected and treated. Many pre-treatment and combined treatment methods have been
proven to treat leachate and being reported elsewhere. One of the methods used was two step methods for the
removal of COD and color from sanitary landfill leachates [5]. The first method involved the use of
coagulation/flocculation process using FeCl3 as conventional coagulant and Ca(OH) as base—precipitant. The
second method involved the interaction and adding of Fenton's reagent into the coagulation/flocculation process.
COD and color removal were by 37 and 62%, respectively in first method, while in the second method, COD and
color removal were 88 and 98%, respectively [5]. Photo electrochemical process was also effective to reduce COD
by 74.1% during 2.5 hours reaction time [6].

There are other several studies exhibited the COD, N-NH; and color removal using 0zon-GAC adsorbent for
treatment of leachate, where the modified treatment has been successfully used for highest removal of COD and N-
NH3 at a level of 86% and 92% respectively [7]. Carbon rod electrode in electrocoagulation was more effective
where in terms of COD, BOD and color removal, the results were 68, 70 and 84%, respectively and the whole
reaction took only 4 hours [8]. Electrochemical oxidation technique is an effective, method not only for color
removal but also for COD removal, there is a little or no consumption of chemicals, no-sludge production and
degradation of recalcitrant pollutants can be achieved, including polyaromatic organiec compounds. It is considered
as one of the advanced oxidation processes, potentially a powerful method of‘pollution control and offering high
removal efficiencies [9, 10]. The organic and toxic pollutants present in/treated wastewaters are usually destroyed
by a direct anodic oxidation process or by an indirect anodic oxidation, via the production of oxidants such as
hydroxyl radicals, ozone and etc. Efficiency of the process was determined”by type of anode substance, stability,
reactivity and their electrocatalytics activity [11]. To date, theresare no,studies carried out on the use of charcoal
base metallic composite electrode which has a high porositysand synergistic effect although the individual (either
metals or carbon rod alone) has been successfully designed for decolorizing of textile dyes [12].

Materials and Methods

Sampling and Characterization of Leachate

Leachate samples were collected from Jeram Sanitary Landfill, which is situated in an oil palm plantation near
Mukim Jeram, Kuala Selangor. The samples were collected in 1 L amber glass bottles with Teflon lined caps to
ensure sample integrity, using a stainless steel bucket previously rinsed with distilled water and methanol. The
bottles head space was kept to a minimum by filling the bottles to the top. The bottles were rinsed in the field with
sample and filled to the top on thessecondysampling. The samples were transported in ice cool container to the
laboratory and stored in a refrigerator/at4°C’prior analysis in order to keep the wastewater characteristics preserved.

The physicochemical characteristics of landfill leachate were determined on the basis of common physicochemical
properties according to the standard jmethods for analysis of wastewaters and surface water developed by the
American Public Health Association [13]. The analysed parameters (COD, color, NHs-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 1.

The Experimental setup

The electrochemical cell is consisted of a DC power supply (CP x200 DUAL, 35 V 10A PSU) and a glass beaker
(100 ml) completed with CsC®,5 Co10-PVCy5 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).
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Table 1. Characterization of raw leachate samples collected from Jeram Sanitary Landfill

Parameter (Unit) Value
Color Pt-Co 14960
COD mgL" 49000
BOD;s mgL™ 14790
NH;-N mgL™ 3800
Total-P mgL™" 200
pH 8.65
TDS ppt 28.09
Conductivity mScm’' 29.67
bE_|1 & 0| noc
supply Voltage Cument{  SUPPly
-+
l _
Electrochemical Electrochemical
cell — cell
Cathode Anode
Magnetic
ATy

Magnetic stirrer—

0

0

Table 2. Ratio and composition charcoal, graphite, metal powder and PVC for electrodes prepared

Figure’l. Electrochemical cell setup

Electrode Weight Ratio Individual weight (g)
Percentage Charcoal  Graphite Metal PVC
C:C%:metal:PVC (C) (C®
CeoCC15Ag10-PVCis 60:15:10:15 0.6 0.15 0.1 0.15
CeoC®15C010-PVCi5 60:15:10:15 0.6 0.15 0.1 0.15
CeoCC15CU1-PVCi5 60:15:10:15 0.6 0.15 0.1 0.15
CeoCC15Al10-PVCs 60:15:10:15 0.6 0.15 0.1 0.15
CeoCC15Niyg-PVCis 60:15:10:15 0.6 0.15 0.1 0.15
CeoCC1sFe1-PVCs 60:15:10:15 0.6 0.15 0.1 0.15

Note: C=charcoal; C®= graphite
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Preparation of Electrodes

The electrode was prepared by mixing together a weighed portion of charcoal, graphite and metals powder with
PVC (as a binder) in 4 mL tetra hydrofuran (THF) which act as a solvent than swirled flatly to homogeneous
followed by drying in an oven at 50 C° for 3h. The mixture was placed in 1cm diameter stainless steel mould and
pressed at 10 toncm™. The total weighed of pellet obtained is approximately 1 gm. The pellets were connected to
silver wire with silver conducting paint prior covered with epoxy gum [14]. The ratio of charcoal, graphite, metals
and PVC in the prepared electrode are as summarized in Table 2.

Experimental Procedures

The experiment equipment was consisted of a DC power supply, glass reactor and magnetic stirrer than known
amount of supporting electrolyte was added to a 50 ml of leachate. All experiments were carried out at lab scale.
Color, COD, BODs, NH;N and total phosphorus PO, of the leachate were measured by using standard method for
the examination of water and wastewater [13]. Total Dissolved Solid (TDS) and conductivity were measured by
using conductivity meter (Cond 610). The pH value was measured using pH meter (Metrohm). The removal
efficiency (%R) of landfill leachate can be obtained at any time, with respect to its~initial values using equation 1
below:

R% =[100(A; —A)]/Ao @

where R% is the removal percentage for parameters (Color, COD, NH3N and Total-P), A, is initial value of
parameters, A is the value of parameters at time t.

The energy consumption (Esp,) was calculated during the process according to'equation 2:
Es, =E 1 1/3600 V 2

where Egp, energy consumption (WhL™), E is the apglied voltage (V), | is the current intensity (A), t is the
electrolysis or reaction time (s) and V is the volume of the,sample (L).

The electrochemical oxidation mechanism
The following equation represents the reagtionithat occurs’in the electrochemical oxidation of landfill leachate at
anode, cathode and in the bulk solution. In<the electrochemical oxidation, sodium chloride is usually existing or
added to landfill leachate to provide conductivity-and production of hypochlorite ion. Anodic oxidation of chloride
ions CI" to form chlorine is shown insthe reagtion (3).

2ClI~ -» Cl, + 2e” 3)
The resulting chlorine molecules will react with water molecules to form hypochlorous acid (Eq. 4).

Cl, + H,0 » H* + ClI~ + HOCI 4)
And further partly dissociation of HOCI to form hypochlorite ion (Eq. 5).

HOCl < H* + 0Cl- (5)
The generated hypochlorite ions (OCI™) or hypochlorous acid (HOCI) act as main oxidizing agent in the pollutant
degradation in order to oxidize the organic matter to produce carbon dioxide and water as fully mineralization or

produce other products as incompletely mineralization.

The terminal step of oxidation organic pollutants using oxidizing agent OCI or HOCI (Cl,/H,0) was as summarized
in equations 6 and 7 respectively.
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(Fully mineralization)
(Incompletely mineralization)

R—OH +Cl,/H,0 - CO, +H,0+Cl" +P (7
Or could be summarized as [15]

OCIl™ + leachate - CO, + H,O+ Cl~ +P (8)
where R-OH refers to organic pollutants found in landfill leachate, P is the oxidation product.

Results and Discussion

The Electrode Materials
Electrode materials have an effect on the efficiency of the electrochemical process for landfill leachate treatment
[16]. In this study, various anode materials consists of charcoal, graphite, metalspowderand PVC as binder were
fabricated. The best electrode was selected based on the color removal undef the operating condition of applied

voltage of 10 V, electrolysis time 180 min and NaCl concentration 1.5%_(wiw) was chosen base on the results
obtained as summarized in Table 3.

Table 3. Electrochemical oxidation of landfill leachatemusing‘composite electrodes as an anode
and stainless steel/as cathode

Electrode Decoloring/ Decoloring Remarks
composition electrolysis time percentage _
(min) (%) Electrolysis Anode

product

Ce0C%15A010-PVCys 180 64 Yellowish solution Slightly corroded

Cs0C®15C019-PVCis 180 70 Yellowish solution Unchanged

CeoC®15CU0-PVC s 180 56 Yellowish solution Completely corroded

CeoC15Al10-PVCys 180 35 Yellowish solution Unchanged

CeoCC15Ni10-PVCys 180 16 Color unchanged Completely corroded

CeoCC1sFe10-PVCys 180 60 Yellowish solution Slightly corroded

Note: C=charcoal; CG= graphite

The result as shown in Table 3 shows that the best electrode composition is in the composition of CgC®5C010-
PVCy5 which gave 70% color removal without any change in its physical properties. As the electrode used in any
electrochemical process should be stable chemically and physically [14, 17]. So based on these criteria, the selection
of the best electrode is not only to remove the color, but also on the basis of chemical stability. The best selected
electrode composition was then used for further study.

The Effect of Applied Voltage on Color Removal

The applied voltage had a significant influence on the efficiency of electrochemical process [18]. To investigate the
effect of voltage on the color removal, different voltage 5, 10 and 15 V were used, and the results obtained are as
tabulated are in Figure 2.
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Figure 2. Effect of applied voltage on color removal at difference electrolysis time

When increasing the applied voltage, the percentage of color removal also.increases. The rates of color removal for
5, 10 and 15 V were determined to be 40, 70 and 80% respectively after 180 min. of electrolysis time. This is due to
production of oxidant such as hypochlorite ion in bulk solution.alncreasing generation of oxidant is commensurate
with applied voltage, which eventually increases the pollutant degradation [19, 20]. The increase in hypochlorite ion
approaches equilibrium with degradation of organics present in the effluent [21]. From the results obtained, shows
that a little change in color removal was observed whenithe voltage applied increased from 10 to 15 V (70 to 80%).

At the same times, increasing the energy consumed. The energy consumption as a function of applied voltage was
calculated and the results are shown in Figure 3.
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Figure 3. Effect of voltage on energy consumption
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Effect of Supporting Electrolyte

NaCl was used as a supporting electrolyte not only to increases the conductivity of solution but also and enhance the
degradation efficiency [22]. The effect of supporting electrolyte used on the color removal efficiency at 0.5, 1, 1.5
and 2 % (w/v) of NaCl concentration were 50, 60 ,70 and 78% respectively, and the results obtains are as
summarized in Figure 4.

80

70 /
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50 / s

® / /-o-Nacl 0.5%(wfv)

30 _,/ / == NaCl 1%(w/v)
/

Colour removal %

NaCl 1.5%(w/v)
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10
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Time {min)

Figure 4. Effect of NaCl concentration.on color removal of landfill leachate

Obviously, the increasing in chlorideyconcentration (from NaCl) will generate more amount of hypochlorite ion
[23]. Thus, higher concentrations of hypochloriteion were able to oxidize the pollutants [24]. Increasing of added
NaCl as supporting electrolyte from«@:5 — 1.0% (w/v) and 1.5 — 2.0% (w/v) had not significantly effects on the color
removal percentage (Figure 4). Supporting €lectrolyte decreased energy consumption because amounts of ions in
solution increased, applied poténtial decreased and the conductivity of solution increased under constant current
density.

Electrolysis Time

The effect of electrolysis time on color removal was studied in the range from 30 min. to 180 min. using this
optimum condition; applied voltage 10V, NaCl concentration 1.5% (w/v) and raw pH. The results obtained are as
tabulated in Figure 5.

The color removal percentage increases with the increasing of electrolysis time. This is due to the increased
generation of hypochlorite ion in bulk solution as a result of oxidation process, thus increased the oxidation
processes of organic and inorganic pollutants [6]. In other words, the efficiency removal of pollutants depends on
the concentration of hypochlorite ion generated electrochemically in bulk solution. Base on optimization studies for
the treatment of landfill leachate, the optimum operating condition selected are as summarized in Table 4.
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Figure 5. Effect of electrolysis time on color removal

Table 4. Optimum operating condition for landfill leachate using CesoC®15C010-PVC ;s electrode

Electrodes Operating Conditions

Working (anode) Cs0C®15C010-PVCys Supporting’electrolyte 1.5% (w/v) NaCl

Counter (cathode) Stainless steel rod Applied voltage 10V
Electrolysis time 180 minutes

Characterization of landfill leachate before and after electrolysis

Analysis on selected water quality parameters (color, COD, NH3N and total P) values on landfill leachate before
and after electrolysis were carried out using the optimum operating conditions as previously determined. The results
obtained show that the electrochemicalfoxidation process is able to reduce the color, COD, NH3N and total P values
in landfill leachate. From thase four'parameters, color, COD, NHsN and total P removal percentage were not less
than 70, 89, 73 and 80 % respectively (Table 5).

Table 5. Landfill leachate parameters from Jeram Sanitary Landfill before and after
at optimum electrochemical treatment

Parameter (Unit) Value
Before After Removal Percentage (%)
Color Pt-Co 14960 4540 70
COD mgL™ 49000 5400 89
NH5-N mgL™ 3800 1000 73
Total-P mgL™ 200 40 80
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The reduction in these parameters 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 technique [25]. This breaking process
was supported by the existence of self-generated hypochlorite ion which is able to reduce the concentration of
organic compound available [26]. Measurement of pH on landfill leachate found that all of the samples were in
alkaline conditions and change to neutral upon completion of electrochemical oxidation time due to the formation of
carbonate buffer through CO, produced at the end of electrolysis process.

Conclusion

The present study explains the most suitable charcoal base metallic composite electrode is Cg,C®15C01-PVCy5 as
anode in electrochemical oxidation process for the treatment of landfill leachate. It was successfully performed for
color removal and to reduce COD, NHsN and total-P level as well. The optimum operating conditions, NaCl 1.5%
(w/v), applied voltage of 10 V and electrolysis time is 180 min. However to reduce the power consumption, shorter
electrolysis time could be used. It can be conclude that under the optimum experimental condition, the treatment of
landfill leachate by electrochemical oxidation process can be carried out not only for color removal but also for
COD, NH;zN and total-P removal.
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