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Electrocoagulation (EC) process is an economical and environmental
option for water and wastewater treatment systems. In the present
study, a laboratory-scale electrocoagulation unit with a volume of 1.2
liters, equipped with iron and aluminum electrodes with dimensions
of 1x50x120 mm, was used to remove nickel. Influence of the
electrode type and distance, initial concentration, voltage, and pH on
the nickel removal efficiency were studied in addition to reaction
kinetics. Energy and electrode consumptions of these mentioned
arrangements were obtained for different current intensities. The
results demonstrated that the Ni removal efficiency changed from
93.7% to 98.1% by electrocoagulation using different arrangements
of iron and aluminum electrodes at 20 V and 60 min. EC with an
Fe(+)/Al(-) electrode pair after 60 min was able to achieve a 93.7%
removal efficiency at 20 V, pH 7, and 250 mg/1 initial concentration.
The present study demonstrated that nickel removal increased with
increasing voltage, pH and initial concentration. The increase in
current intensity led to an increase in the energy consumption, which
was obtained less for the pair of iron electrodes than other
arrangements. Corresponding electrode consumptions of iron and
aluminum anodes were determined as 0.87-1.31 and 0.28-0.45
kg/m3, respectively. In addition, the first-order model demonstrated
an acceptable agreement with the experimental data.
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EXTENDED ABSTRACT

Introduction

World population growth and water resources depletion have made wastewater
recovery an urgency. The presence of heavy metals in wastewater is known as a serious
environmental problem. Nickel is a heavy metal that is classified as moderate pollution
intensity. Industrial sources such as printing, silver refineries, battery manufacturing,
petrochemicals, and particularly electroplating industries are subjected to nickel metal. In
addition, the increasing amounts of toxic pollutants in groundwater above the threshold
raises questions on the efficiency of current wastewater treatments. Various techniques
have been employed for the treatment of heavy metals, including physicochemical,
electrochemical, bioremediation techniques.

Electrocoagulation (EC) is based on the electrochemical method of decontamination.
Simple operation, high efficiency, environmental friendliness, low cost, and the lack of need
to add chemicals to promote coagulation are some advantages of the EC process. This
method is an adsorption-, precipitation-, and flotation-based procedure. Basically, the
physicochemical phenomena in EC can be summarized as anodic oxidation and cathodic
reduction, generation and migration of flocculating agents in the aqueous phase,
coagulation and adsorption of pollutants on flocculating agents, and electro-flotation of
coagulated aggregates. The success of this technology depends on various parameters such
as current density, electrode material and its arrangement, temperature, initial pH,
conductivity, electrolysis time, and reaction kinetics.

The objective of this study was to comprehensively investigate the application of
electrocoagulation to remove nickel from rich industrial wastewater. The influence of
operational parameters on the nickel removal efficiency using EC was examined and an
energy and electrode consumption study was carried out. Furthermore, the reaction kinetic
study was carried out using electrolysis time data.

Methodology

Different concentrations of synthetic nickel wastewater were prepared using NiCl2.6H20
(Merc Co.). The pH of the wastewater was set by 0.1 M H:SOs and NaOH. The
electrocoagulation system consisted of two electrode sheets as the sacrificial anode and
cathode with a DC power supply providing voltage in the range of 0-30 V and electrical
current in the range of 0-5 A. Aluminum and iron electrodes (5 cm width x 12 cm length x
1 mm thickness) were placed in an electrochemical cell containing 1.2 L of solution sample
polluted with nickel and the reaction was conducted potentiostatically. The electrode
distance was different in the range of 1-3 cm.

The batch reactor was placed on a magnetic stirrer and started with constant stirring at
the entire test. Every 10 min sample was taken from the middle of the container for metal
concentration measurement. Finally, all samples were centrifuged at a rate of 2000 rpm for
10 minutes. The nickel concentration before and after treatment was determined by the
ContrAA 240 Atomic Absorption Spectrophotometer (AAS) in each sample. All experiments
were performed in triplicate at room temperature.
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Nickel removal efficiency wasdetermined by equation (1) as follows:
% Removal = C‘)C_—Cf x 100 (1
0
where C, and C; are initial and final nickel concentration, respectively. In order to

determine energy (E in kWh/kg Ni removed) and electrode (m in kg/m3) consumption
following equations were used:

E=2 (2)
vd
IXtX3600xMW
Melectrode = v (3)

Results and discussion

Electrode material and distance

The electrode material is an important parameter influencing the performance of the EC
process. To examine this effect, the experiments were performed between Fe(+)/Fe(-),
Al(+)/Al(-), Fe(+)/Al(-) and Al(+)/Fe(-) states. Figure 1(a) shows the difference of nickel
removal efficiency between these electrode arrangements. Compared with aluminum
electrodes, iron electrodes needed less residence time to achieve specified removal
efficiency. In addition, they were more economical in terms of energy and electrode
consumption. This is also well demomnstrated in Figure 1(b).

mFe(+)Fe(-) W AU+VALL) 8 Fe(+VAIL) = Al(+)Fe(-) ®)
—— Py Rl A=) A1 A R Fa=) Al
140
Z 120
2 &0 1:1 100 /
IT‘E - “ o 4 -
: Time (min}) I(A)

Figure 1. The influence of electrode arrangement on the (a) Ni removal efficiency and (b) energy
consumption.

The electrode distance can also affect the EC reactions. By increasing the distance
between each pair of anode and cathode electrodes, solution resistance and thereby applied
voltage increased. Thus, considering constant electrolyte volume, the removal efficiency
decreased due to decrease in ions density and electrostatic attraction. The results of the
present study led to the recommendation of the electrode distance of 1 cm as optimal.

Nickel concentration, Initial pH, and Voltage

According to the nickel concentration in SPGC wastewater, the effect of initial
concentration in the range of 5-500 mg/l was studied on the Ni removal. The results are
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plotted in Figure 2(a). Additionally, the observations of experiments at different pH levels
are presented in Figure 2(b). The highest removal efficiency was obtained at pH 10.

(@) —e—smer S0.mgf 250 mg S00mg (b) . . sHe10 © ——0v v 20V

Time (min) Time [min) 1 20 20 40 50 &
Time [min)

Figure 2. Variations of Ni removal efficiency with (a) Ni concentration, (b) initial pH, and (c) voltage.

The EC voltage can apply its effect through factors such as the coagulant dosage rate,
hydrogen bubbles production rate, and the flocks size. Figure 2(c) shows the results of
nickel removal efficiency versus different voltages from 10 to 30 V.

Kinetic study

It has been established that reaction kinetics is also crucial and controlling parameters
in wastewater treatment provides understanding of the reaction progress, pollutant
removal rate, and system design and modeling. In the current research, three kinetic models
were considered for nickel removal in EC batch process. According to the results in Table 1,
the first-order model represented an acceptable agreement with the experimental data.

Table 1. Regression coefficients and reaction rate constants for the considered kinetic models.

Pseudo-First Order Second order First order
ky(min™1) R? k,(L/mg.min) R? k,(min™1) R?
—0.0591 0.9785 0.0011 0.8329 —0.0509 0.9914
Conclusion

The present study attempted to investigate applicability of an electrocoagulation
process in the nickel treatment of industrial wastewater. The influence of variables such as
electrode material and distance, concentration, initial pH, and voltage on the removal
efficiency was investigated in addition to energy and electrode consumption. The results
demonstrated that the nickel removal efficiency was obtained between 93.7% to 98.1% for
the different electrode arrangements by EC at 20 V and 60 min. Among them, a pair of iron
electrodes showed greater removal efficiency and less energy consumption. It was
concluded that increasing the initial concentration, pH, and voltage impacts the process
efficiency favourably. Furthermore, the reaction kinetic study demonstrated that the first-
order model had an acceptable agreement with the experimental data.
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