/
o2o Resmits
0.00 Publishing

Open Journal of Applied Sciences, 2020, 10, 69-77
https://www.scirp.org/journal/ojapps

ISSN Online: 2165-3925

ISSN Print: 2165-3917

Application of Anodic Oxidation with Graphite
Electrodes in Pretreated Leachates

T.].S
J.

anchez-Sanchezl, H. A. Najera-Aguilar?’, R. F. Gutiérrez-Hernandez2, C. M. Garcia-Laral,

A. Araiza-Aguilar?, J. A. Bautista-Ramirez3, J. H. Castafién-Gonzalez#*

"Universidad de Ciencias y Artes de Chiapas, Tuxtla Gutiérrez, México
*Departmento de Ingenierfa Quimica y Bioquimica, Tecnoldgico Nacional de México/IT de Tapachula, Tapachula, México
*Universidades para el Bienestar Benito Judrez Garcfa, Villa de Allende, Estado de México, México

“Department of Chemical and Biochemical Engineering, Tecnoldgico Nacional de México/IT de Tuxtla Gutiérrez,

Tuxtla Gutiérrez, Mexico

Email: *hugo.najera@unicach.mx

How to cite this paper: Sanchez-Sanchez, T.J.,
Néjera-Aguilar, H.A., Gutiérrez-Hernandez,
R.F., Garcia-Lara, C.M., Araiza-Aguilar,
J.A., Bautista-Ramirez, J.A. and Castafién-
Gonzilez, J.H. (2020) Application of Anod-
ic Oxidation with Graphite Electrodes in
Pretreated Leachates. Open Journal of Ap-
plied Sciences, 10, 69-77.

https://doi.org/10.4236/0japps.2020.103006

Received: January 30, 2020
Accepted: March 8, 2020
Published: March 11, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Currently, landfills are the main method used for the final disposal of urban
solid waste. The degradation processes that waste goes through in these sites,
alongside rainwater that percolates through them, generate highly polluting
liquids (leachate). In the treatment of leachate, advanced oxidation processes
(AOP) can significantly reduce the concentrations of different pollutants.
Due to the high documented potential around AOPs, in this study, the effec-
tiveness of anodic oxidation in the removal of the remaining organic load in
leachates pretreated in a biological system was evaluated. Graphite electrodes
were used as anode and cathode. The efficiency of anodic oxidation, in terms
of the removal of chemical oxygen demand (COD) and color, was evaluated
under different current densities (7, 12, 17 and 22 mA/cm?) and pH values (3,
4.5 and 6). Under the best conditions found (22 mA/cm’ and pH of 6) and
with an oxidation time of 5 hours, a maximum removal of 68% in COD and
91% in color was achieved, which represented a quality in the final effluent of
271 mg/L and 151 Pt-Co in COD and color, respectively. Therefore, consi-
dering that graphite is an economic and widely available material, the results
obtained show anodic oxidation, with the use of graphite electrodes, as a
technically viable alternative as a final purification stage for pretreated lea-
chates.
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1. Introduction

Due to its economic advantages, landfills are one of the most used methods for
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the final disposal of urban solid waste in both developed and developing coun-
tries [1] [2].

Within landfills, leachate is generated as a result of the decomposition of or-
ganic matter and rainwater percolation [3]. Landfill leachates are complex efflu-
ents that contain all kinds of contaminants; many of them in high concentra-
tions, so they are extremely difficult to treat [4] [5]. The composition and con-
centration of pollutants are influenced by the type of waste and the age of lea-
chate [6]. Because of this, the method to be used for the treatment of these lig-
uids depends on their composition and properties, as is the case with biodegra-
dability. For leachates, this property is defined through the known Biodegrada-
bility Index (BI), which derives from the BOD,/COD ratio [7]. In general, when
IB values are greater than 0.3, the leachate is classified as young or biodegrada-
ble, and when the IB is less than 0.3, the leachate is not biodegradable and is
known as mature or old.

Young leachates with a high BOD.,/COD ratio are effectively treated with
biological methods [8]; these methods are the most efficient and low cost
processes to eliminate most of the biodegradable organic matter present in
leachate, such as volatile fatty acids. However, biological treatment is ham-
pered by specific toxic substances (Polycyclic Aromatic Hydrocarbons, Ab-
sorbable Organic Halogens, Polychlorinated Biphenyls) and/or by the presence
of biorecalcitrant organic compounds (humic substances or surfactants) [9].
For aqueous mediums of difficult degradation, physicochemical processes
(coagulation-flocculation, chemical oxidation, membrane processes and ad-
sorption with activated carbon, among others) have been used, either indivi-
dually or in conjunction with biological processes; additionally, in recent years,
other treatment alternatives such as the so-called AOPs have been tested, which
are capable of degrading a large amount of organic pollutants into innocuous
products, and where most of the AOPs are based on the production of the hy-
droxyl radical (¢OH), which has a redox potential of 2.8 V, making it the second
most reactive species that exists in nature. In these processes, «OH radicals in-
itiate a series of oxidation reactions that lead to the final mineralization prod-
ucts, CO, and H,O [10]. The advantage of the AOP’s over every other chemical
and biological process is that they are completely “environmentally friendly”,
since there is no transfer of pollutants from one phase to the other (as in chemi-
cal precipitation and adsorption) nor production of large amounts of dangerous
sludge. AOPs are often applied together with other processes, whether biologi-
cal or physicochemical, since if they are used as the sole treatment, it could be
expensive [11]. A significant decrease in the total cost of leachates treatment
could be obtained by combining AOP with a biological process [9]. Systems
composed of a physicochemical or biological pretreatment coupled with an
AOP have proven to be efficient, within the latter, anodic oxidation reports
high removal efficiency in organic load of mature leachate from landfills, as
reported by Anglada, ef al. [12] and Fernandes [13]. In relation to the above,
the objective of the present work was to evaluate the effectiveness of anodic
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oxidation as a final stage for the removal of organic contaminants from bio-
logically pretreated leachate. The percentage of COD removal and color were
the response variables.

2. Materials and Methods

2.1. Characterization of Pretreated Leachate

The influent used in this work came from a biological process and was charac-
terized with the following parameters: COD, Biochemical Oxygen Demand
(BOD), color, alkalinity, electrical conductivity and pH. The COD was quanti-
fied using a closed reflux micrometer, digesting the sample at 150°C for 2 h,
and subsequently read on a HACH DR-5000 spectrophotometer at 620 nm; in
the case of BOD, the test was carried out by quantifying the difference between
the initial dissolved oxygen concentration and the concentration after five days
of incubation at 20°C + 1°C. Regarding color determination, a HACH DR/890
colorimeter was used and for the alkalinity the volumetric method was used,
titrating with 0.02N sulfuric acid, whereas electrical conductivity was meas-
ured with an EXTECH EC-150 conductivity meter. All analysis were developed
following standardized methods [14] adapted to the particularities of the lea-
chate.

2.2. Experimental Trials

The electrodegradation tests were conducted in an undivided electrolytic cell
operated in a discontinuous regime (Figure 1), the system was maintained
throughout the reaction time, with continuous stirring equal to 300 rpm. The
electric current was applied by means of an EXTECH Instruments model 382270
power supply. During this study, graphite electrodes were used as cathode and
anode, with a submerged area of 6 cm? both were arranged vertically and paral-
lel to each other (with a 2 cm gap) in the electrolytic reactor with 150 ml of the
leaching sample. For pH adjustment, 10% H,SO, was used.

2.3. Experimental Design and Analysis of Experimental Data

Experimental tests were carried out under a 3 x 4 factorial design, with pH and
current density (/) as factors and the following levels for each factor: pH (3, 4.5
and 6) and j (7, 12, 17 and 22 mA/cm?), with a total of 12 treatments (Table 1).
The percentage of COD removal and Color, determined according to Equation
(1), were used as a response variable. The statistical analysis of the results ob-
tained was carried out with the aid of an analysis of variance (ANOVA) with a
level of significance a = 0.05 and with the help of the statistical package STAT-
graphics Centurion (version XVLII). Prior to the analysis, the ANOVA assump-

tions were verified.

_ C -Gy
%Removal = c x100 (1)

where:
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Figure 1. Experimental arrangement during the anodic oxidation process. Where: 1.
Power source, 2. Anode, 3. Cathode, 4. Magnetic stirrer.

Table 1. Experimental design used in the anodic oxidation process.

J(mA/cm?)
7 12 17 22
3 T1 T2 T3 T4
pH
4.5 T5 Té6 T7 T8
6 T9 T10 T11 T12

J current density; T: Treatment.

C, = Initial concentration;

C,= Final concentration.

3. Results and Discussion

In the treatability tests carried out by anodic oxidation, leachates previously
treated by a biological process were used, the characterization of this liquid used
as influent to the electrochemical process is presented in Table 2.

These results show a liquid with a low biodegradability index (BI = 0.07),
which according to Foo and Hameed [15] is a mature leachate with recalcitrant
characteristics, where electrochemical processes become a good treatment op-
tion [16] [17]. Likewise, it is observed that the organic load remaining from the
pretreated leachate is still high, with COD values of 959 mg/L and 1685 Pt-Co in
Color.

Another important parameter was the high value of electrical conductivity
(7.52 mS/cm) that can be attributed to the high concentrations of chlorides
present in the leachate, which favors electrochemical oxidation processes with-

out the need to use additional electrolytes [12].

COD and Color Removal

The results obtained in the treatability tests by anodic oxidation are presented in

Figure 2. As can be seen in this Fig, under the evaluated conditions, there is a
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Table 2. Characteristics of pretreated leachate.

Parameter Units Value
BOD;, mg/L 72
COD mg/L 959
BI* - 0.075
Color Pt-Co 1685
Electrical conductivity mS/cm 7.52
pH - 8.1

*BI: Biodegradability index.

100
EE oH 3
B pH 4.5
80 T8
BB pH 6 =15
g T7
X 3 T4
= 60
T
5
T9 T6
5 Tt o
O 40 - 0
]
o T5
20
0 -
7 12 17 22

Current density (mA/cmz)

Figure 2. COD removal efficiencies at 5 hours of reaction.

direct relationship between COD removal and the j supplied to the system, that
is, the greater j the greater COD removal. On the other hand, in the same Fig, it
can be seen that the pH in the reaction medium showed interaction with j, that
is, the effect of the pH corresponded to the jsupplied to the system.

On the other hand, the analysis of variance performed on the data obtained,
allows us to see that the difference between the removal percentages achieved by
the evaluated treatments is significant. The T8 and T12 treatments were the ones
that obtained the highest percentage of removal, however, the difference be-
tween these two removal percentages was not significant, therefore, the T12
treatment was taken (j = 22 mA/cm’, pH = 6) as the best due to the fact that it
operated under conditions closer to neutrality, unlike the T8 treatment that op-
erated with a pH value of 4.5 (Figure 3).

Under the operating conditions of the T12 treatment, a 68% removal of the
initial COD was achieved, which generated an effluent with 297 mg/L COD.
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P =0.0000; 0.95 confidence interval
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Figure 3. Analysis of variance between treatments.

Authors such as Norma et al [18], and Ukundimana [19] have reported greater
efficiencies in COD removal (75% - 92%) when applying anodic oxidation on
pretreated leachates. However, both studies used BDD electrodes as cathode and
anode, which are more expensive and require a more delicate handling. The use
of graphite electrodes in pretreated leachate was reported by Feki et al [20], but
with a low COD removal (22%), far removed from that achieved in the present
study (68%). Obtaining better removal efficiencies at a greater j can be explained
by the increase in the diffusion flow of organic matter from the anode, allowing
a more efficient oxidation of organic compounds [21]. Whereas, authors such as
Chiang et al. [22], point out that larger j increases the generation of oxidizing
chlorine species, which further favor the elimination of pollutants.

Regarding Color removal, Figure 4 shows that during the five hours of reac-
tion under the conditions of the T12 treatment, color was reduced by 90%, ob-
taining a final effluent with 158 Pt-Co. This decrease can be related to the de-
gradation of humic and fulvic acids that gives color to leachates and are suscept-
ible to oxidation by hydroxyl radicals produced in anodic oxidation [23]. In ad-
dition, although maximum color removal was achieved with the higher pH val-
ue, it still remained acidic (pH = 6), and according to Anglada [12], acidic con-
ditions in the treatment of wastewater by anodic oxidation favors the release of
certain oxidants such as Cl, Cl, or HOCI" in the anode, which can act directly on
the species that give color to the leachate, resulting in better efficiencies in color
removal. In general terms, after five hours of electrolysis, and by increasing j
from 7 to 22 mA/cm’, the removal rate increased from 30% to 68% in COD and
from 76% to 91% in Color.

4. Conclusions

Anodic Oxidation using graphite electrodes as cathode and anode was effective
in removing recalcitrant organic matter present in pretreated leachate, reaching
68% in COD and 91% in color, representing a quality in the final effluent of 271
mg/L and 151 Pt-Co in COD and color, respectively, where the best removal
conditions were achieved at a j of 22 mA/cm® and pH of 6.
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Figure 4. Color removal efficiencies at 5 hours of reaction.

According to the results obtained, anodic oxidation can be a viable and eco-

nomical alternative with the use of graphite electrodes, as a stage of purification

in the final treatment of pretreated leachates.
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