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Abstract

The aim of this study is to evaluate the economics and optimize
electrocoagulation process for the treatment of a real wastewater sample f
refining with an initial COD of 406 mg/L using scrap aluminum as perfor
electrodes (anode and catho@deld solar energy received by the solar pane
provide the electricity required for the proceBectrolysis time (0 to 60 min
current density (6.98 to 34.9 A#m and electrode spacing (1 to 5 cm) wi
investigated using the response surface methggplehile central square desic
was used to determine the optimal experimental conditibhe experimenta
results indicate the significance of slectrode spacing, in addition to ct
density, which igdirectly dependent on the nhumber and size of holeated on
the electrode. Economic evaluations indicate the possibility of using
aluminum as a replacement for regular aluminum, which led to savin
operating costs. Finally, the optimal conditions for conducting experiments
obtained with arelectrolysis time of 48 min, a current density of 92.27 A/and
an electrode distance of 2 cm. Under these conditions, the COD and
removal percentages were 70 and 15.3%, respectively, which is relatively
with the predictions of the designetbdel (68.7 and 15.1 percent, respective
According to the calculations made in this studyd considering the cos
required to provide solar energy with the current energy price in Iran (Tel
the use of solar energy to provide the energgdedfor the electrocoagulatio
process on a small scale is not recommended. One of the main reasons
inefficiency of solar energyseon a smaller scale is tHew costof industrial
electricity in the country
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1. Introduction

Oil refineries, as one of the industries with Prepared electrodes were perforated in a regular
complex processes, consume a large amount ofmanner. Three pairs of laboratory aluminum
water, which leads to the production of a large €lectrodes and one pair of scrap aluminum were
volume of oilwastewaterChen et al., 20090ne ~ used to perform all geriments. The power
of the industrial wastewater treatment methods SUpply used was capable of providing a voltage of
that has attracted attention in recent years due tof0 Volts and a current intensity of 5 amperes at

its economic feasibility, osite applicability, and ~ Maximum power. Since the stability of the input
app“cabmw to all po”ution ranges is current is effective in the e|ectl’000agu|atl0n

electrochemical  processes in  particular, process, the generated current must Besstored
electrocoagulationRajabipour et al., 2025b in a battery. Therefore, the solar panel was first
Therefore, further optimization of this type of connected to a charge controller. The general
wastewater treatment process in terms of schematic of the system used to supply energy
pollutant removal efficiency, process costmd  and perform the process, along with the
energy consumption is of great importance. In perforated electrodes and the reactor view, is
2022, Akkaya conducted research to optimize the shown in Fig. 1
economic electrocoagulation process with the aim
of reducing or eliminating the costs of electrode 3. Results and discussion
preparation. In this research the removal The effect of current density and electrolysis time
efficiency of CODand phenol was taken as a on the electrocoagulation process at an electrode
basis and finally, under optimal conditions using distance of 3 cm and times of 12, 36, and 60
iron as the cathode and perforated scrap metal asninutes versus COD removal efficiency is
the anode, removal values of 96.18 and 94.02%presented in Fig. 2. According to theepented
were reported for phenol and COD, respectively graphs, it is possible to observe the great effect of
(Akkaya, 022). the current density and its direct relationship with
In 2022, Louhichi et al. presented research electrolysis time on COD removal efficiency. For
results on the wuse of solpowered example, at a current density of 20.94 A/ihe
electrocoagulation and electFenton processes. removal efficiency in 12 minutes is 5.53&nd
In this research, electrocoagulation and electro increases by 4.5% 36 minutes after the start of
Fenton processes were investigated in normalelectrolysis however, in the same time difference
mode and with air diffusionising solar energy to  from the electrolysis time of 36 to 60 minutes, the
treat wastewater from the textile industry increase in removal efficiency is 12.6%. Also, at
(Louhichi et al., 202 12 minutes of electrolysis, increasing the current
In 2021, Mohamad et al. published research density from 13.96 to 20.94 Afmcauses a
results on the treatment of industrial wastewater decrease in the removal efficiency from 58 to
using solapowered electrocoagulation with 57.5%. The difference between the two removal
sedimentation. In this research, the possibility of efficiencies is insignificant, but considering the
treating neutral wastewater from textile industry above points, it is expected that the removal
along with solids and impurities by efficiency will also incease with increasing
electrocoagulation and sedimentation method wascurrent density at each stage.
evaluated Mohamad et al., 2031 The effect of electrode spacing on the
According to previous studies, the main electrocoagulation process at a current density of
objective of this research is to evaluate the 20.94 A/nfand an electrolysis time of 36 minutes
economic power supply required for the was evaluated. In normal cases, increasing the
electrocoagulation process to treat real distance betweethe electrodes to the optimum
wastewater from oil refining by connecting a point increases the pollutant removal efficiency,
solar panel to a battery and transferring current and increasing this distance beyond the optimum
from the battery to the power source according to point decreases the pollutant removal efficiency.

the current conditions of the country. The present study was conducted with perforated
) electrodes, and perforation dhe electrodes
2. Materials and methods increases the pH change rate, which leads to a

The pilot electrocoagulation process in this study faster convergence of this parameter to its final
was a tank measuring 11 x 11 x 14 cm with an value. In these conditions, the pollutant removal
operating volume of 1.3 liters and a maximum efficiency also depends to a large extent on the
spae between the electrodes of 5 cm. Also, to number of holes and the distance between the
increase the efficiency of pollutant removal, the electrodesDias et al., 2010
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Fig. 1. View of the equipment used in this research to conduct the experiment under optimal
conditions 1: Solar pane?: Charge controlle3: Batteries (12Vy7.5 Ah), 4: Inverter
5: Power sourcgb: Tank and electrodes uséd Tested oil effluent
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Fig. 2. a) COD removal efficiency at different current densities, b) TDS removal efficiency at
different current densities

4. Conclusions

In this study, a real sample of ceudil refining efficiency. Also, increasig the current density
wastewater with an initial COD of 406 mg/L was means increasing the energy consumed by the
treated using an electrocoagulation processprocess and, as a result, increasing the rate of
without any changes in the initial characteristics anode dissolution and increasing the efficiency of
and the effect of parameters such as currentpollutant removal. According to the calculations
density, electrode spacing, and electrolysis time made in this study and considering thests
was investigated. Studies conducted at five required to provide solar energy, with the current
electrolysis times of 12, 24, 36, 4d 60 min energy price in Iran (Tehran), the use of solar
showed that at constant electrode spacing andenergy to provide the energy required for the
current density, increasing the electrolysis time electrocoagulation process on a small scale is not
led to an increase in the pollutant removal recommended
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Table 1. Characteristics of wastewater sampled from
the refinery

Parameter Unit Value
Temperature 3 24
Color - A little cloudy
Conductivity = mS/cm 4.7
pH - 6.7
COD mg/L 406
TDS mg/L 2400
TSS mg/L 26
BODs mg/L 220
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Table 2. Quadratic model designed using coded values and their surface response for COD removal

COD removal TDS removal
Test A B c Experimental Model Experimental Model
ber o . . .

S (/) results (/) results (7/.) results (/) results
1 0 0 -2 55 55.7 3 13.4
2 -1 1 -1 57 56 12.9 12.8
3 0 2 0 76 75.6 9.1 8.7
4 -1 -1 -1 51 51.3 6 5.6
5 1 1 -1 68 68.7 15.2 15.1
6 -1 1 1 65 66.2 6 6.4
7 2 0 0 71 70.6 17 17
8 0 0 2 67 66.1 13.3 12.9
9 -1 -1 1 54 53.5 8.2 8.1
10 1 -1 -1 59 58 9.6 9.1
11 -2 0 0 53 53.2 8 7.9
12 1 -1 1 57 58.2 15 15
13 1 1 1 7 77 11.8 12.1
14 0 0 0 58 57.8 10 10
15 0 -2 0 52 52.2 4 4.4

A-Electrolysis Time (12, 24, 36, 48, 40) min
B-Current Density (6.98, 13.96.20.94, 20.92,34.9) A/m
C-ElectrodeDistance(l, 2, 3, 4, 5) cm

The numbers2 to 2 represent the 5 levels of the parameters examined. The middle number corresponds to O, lower numbers

correspond to negative values, and higher numbers correspond to positive values in.the table
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Fig. 2. a and b)Graphs related to the optimization of COD removal efficiency in terms of the probability of

normality of data and actual values versus predicted values, respectively, ¢ and d) graphs related to the

optimization of TDS removal efficiency in terms of thelpability of normality of data and actual
values versus predicted values, respectively
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