Applications of electrochemical treatment for domestic wastewater

A. E. Yilmazt, T.M. Massara?3, O. T. Komesli!, E. Katsou??

!Department of Environmental Engineering, Faculty of Engineering, Ataturk University, 25240, Erzurum, Turkey.
2Institute of Environment, Health and Societies, Brunel University London, Uxbridge Campus, Middlesex, UB8
3PH, Uxbridge, UK.

3Department of Civil and Environmental Engineering, Brunel University London, Uxbridge Campus, Middlesex,

UB8 3PH, Uxbridge, UK.

Corresponding author:

A.E. Yilmaz (aerdemy@atauni.edu.tr);

Tel.: ++90 4422314799;

Department of Environmental Engineering, Faculty of Engineering, Ataturk University, 25240, Erzurum, Turkey.


mailto:aerdemy@atauni.edu.tr

Abstract

In this study, the treatment of domestic wastewater from the city of Erzurum (Turkey) was investigated by applying
the electrocoagulation treatment process. Aluminum electrodes as anode and stainless-steel plate electrodes as
cathode were placed in the electrocoagulation jacketed reactor where the batch experiments took place. The
wastewater initial pH value was selected as the key process parameter whose impact on the system’s removal
efficiency was studied. The reaction time was chosen to be equal to 30 min and the current was set at 10 A. The
effect of the wastewater initial pH value was examined by arranging the pH to vary from 5 to 7.8. The optimal
COD removal was obtained at the original pH value of the influent (i.e. 7.8). Decreasing the initial wastewater pH
value from 7.8 to 5 resulted in reducing the system’s removal efficiency. Under the 10 A constant current value
and the reaction time of 30 min, COD removal of 87% was noted for an initial pH value of 7.8 dropping at only
55% as the initial pH value reached the value of 5. The obtained results showed that the electrocoagulation process
can be an effective process for domestic wastewater treatment after investigating the optimization of key process

parameters (e.g. initial wastewater pH value).
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1. Introduction

Nowadays, the restrictions on the availability of water resources and the severe environmental impact of
inadequately treated wastewater on planetary health are an undeniable worldwide concern. Finding ways to
mitigate water pollution and enhance water recycling is amongst the greatest environmental problems of the 21
century [1]. In this context, water treatment technologies are emerging as the most direct solution to reduce
pollution in water bodies. Hence, central water and wastewater treatment facilities are working towards this
direction. The physico-chemical wastewater treatment processes, in particular, are quite popular; they have been
known and practiced for years to produce water effluents able to meet human needs [2]. However, the target
pollutants in wastewater are highly variable over time and in terms of quantity because of the recent technological
developments and extended industrialization. Thus, the optimization of water treatment technologies has now

become a very important research topic.

Urban wastewater treatment plants are generally effective in reducing the organic matter, nitrogen and phosphorus
content of urban wastewater. However, there has been a serious decrease in the water availability over the last
years due to the increase in water demand and the intensive use of the already scarce water resources. For this
reason, not only the treatment but also the reuse of wastewater is a matter of great interest for the elimination of

water stress [3-6].

The electrocoagulation is a wastewater treatment process that involves the application of electric current across
metal electrodes to remove various contaminants. It is a reliable method with both environmental and economic
benefits [7], that has been successfully applied for the removal of various pollutants from wastewater effluents
including toxic metals [8], oil mill wastewater [9], arsenic [10-11], and chemical oxygen demand (COD) [12].
Furthermore, the electrocoagulation has been reported to effectively treat drinking water [13-14], fluoride [15],

and metal plating wastewater [16].

In this study, domestic wastewater was treated with aluminum electrodes (anode) and stainless-steel plate
electrodes (cathode) placed in a lab-scale electrocoagulation jacketed reactor where batch experiments took place.
The effect of key process parameters such as the initial wastewater pH value was investigated in terms of COD

removal.



2. Materials and Methods

In this work, domestic wastewater from the city of Erzurum (Turkey) was used. It had the following characteristics:
COD=250 mg L, biological oxygen demand (BODs)=175 mg L7, suspended solids (5S)=80-100 mg L™,
conductivity=1,000-1,050 uS cm?, and temperature=15+3 °C. In the batch electrocoagulation system, a
rectangular reactor with total volume of 1 L was used with 7 stainless-steel electrodes (cathode) and 7 aluminum
electrodes (anode). The distance between the electrodes was 5 mm and their total surface area 2,400 cm?. A
Chroma brand digitally controlled direct current power supply (62024P—40-120 model, 0-40 V, 1-120 A) was
installed to provide power. A wastewater brand multi-meter was used to adjust the pH, conductivity and
temperature of the wastewater in the beginning of the reaction, as well as to instantly read their values while the
reaction was happening. In this study, the initial pH value of the wastewater was examined as key process

parameters in terms of its effect on the lab-scale system performance. The experimental set-up is given in Fig. 1.

Figure 1. Experimental setup: 1: circulator, 2: multimeter, 3: pH control cell, 4: peristaltic pump, 5: reactor, 6:

anode electrode (aluminum), 7: cathode electrode (stainless-steel), 8: control panel, 9: power supply.

The COD analyses were conducted according to the closed system (reflux) method as specified in the standard
methods [17]. The following equations were used for calculating the treatment efficiency and energy consumption

of the system out of the experimental data:

Equation 1: calculation of the treatment efficiency

1n(%) = COC;C x100

0 M



Co: initial pollutant concentration (mg L™); Ce: the remaining concentration of the pollutant in the wastewater at

time t (mg L?).

Equation 2: calculation of the system’s energy consumption

kW—h VxI*t
W( ) = 2
3 9 )
W: energy consumption (KW-h m), I: applied current (A), V: potential difference in the system (V), t: reaction

time (min), 9: total wastewater volume (m?).

3. Results and Discussion

During wastewater treatment by means of the electrocoagulation method, the wastewater initial pH plays a very
important role and significantly affects the treatment efficiency. To examine effect of this key process parameter
on the COD removal, four different pH values were applied: 5, 6, 7 and 7.8 (i.e. the natural initial pH of the
wastewater). Nitric acid (HNOg3) solutions were used to adjust the initial wastewater pH to the desired value when
needed (i.e. for the values of 5, 6 and 7). The current was kept constant at 10 A and the retention time at 30 min.
Samples were taken from the reactor at the 5™, 10t 15", 20" and 30" (i.e. final) min of the reaction. COD, effluent
pH value, temperature, and electrical conductivity were determined by the aid of these samples. The effect of

different initial wastewater pH values on the system’s COD removal is shown in Fig. 2.
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Figure 2. The effect of the initial wastewater pH value on the COD removal. The current was kept constant at 10

A and the retention time at 30 min.

It can be seen that the highest COD removal (~87%) was obtained at the original wastewater pH value (i.e. 7.8).
On the contrary, the lowest COD removal (*55%) was noted for an initial wastewater pH value of 5; it was around
77% and 60% for the initial pH values of 6 and 7, respectively. It is essential to examine the pH values of the
medium and COD removal during the first 5 min of the reaction so that this can be explained. The pH values
appearing just after the first 5 min of the reaction are 5.8, 6.3, 6.8 and 7.3 for an initial wastewater pH of 5, 6, 7
and 7.8, respectively, corresponding to COD removals of 35%, 45%, 60% and 70%. The pH range at which the
solubility of the coagulant (i.e. aluminum hydroxide (AI(OH)s3)) is the lowest is between 6.5 and 8 [18]. Thus,

when the medium pH remains within this range, the condition for pollutant precipitation via coagulation is optimal.
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Figure 3. The effect of different initial wastewater pH values on the system’s energy consumption. The current

was kept constant at 10 A and the retention time at 30 min.

The energy consumption was calculated by using Eq. 2. The obtained results are shown in Fig. 3. The highest
energy consumption (i.e. 95%) was achieved at the wastewater original pH of 7.8, and the lowest energy
consumption (i.e. 66.5%) at the lowest pH of 5. This can be explained by the change in the electrical conductivity.
The increase in the value of the electrical conductivity with the pH decrease also causes a decrease in the value of
the potential difference applied to the system. The variation of potential difference values under the constant
current of the system (i.e. 10 A) leads to different energy consumption values. According to Eq. 2, the decrease in

potential difference (V) decreases the energy consumption if the current (1) does not change.



4. Conclusions

This study presented the results of batch experiments for the treatment of urban wastewater by means of
electrocoagulation with aluminum electrodes (anode) and stainless-steel plate electrodes (cathode) placed within
a labs-scale jacketed reactor. To examine the effect of initial wastewater pH as a key process parameter on the
system’s COD removal, four different pH values were applied: 5, 6, 7 and 7.8 (i.e. the natural initial pH of the
wastewater). The current was kept constant at 10 A and the retention time at 30 minutes. Under these experimental
conditions and for the original wastewater pH (i.e. 7.8%), the electrocoagulation process proved to have the
potential to achieve high COD removal (approximately 73%) at very short reaction times (e.g. after only 5 min of
operation). At the end of the reaction (i.e. after 30 min), the highest COD removal (=87%) was obtained at the
original wastewater pH value (i.e. 7.8). On the contrary, the lowest COD removal (=55%) was noted for an initial

wastewater pH value of 5; it was around 77% and 60% for the initial pH values of 6 and 7, respectively.
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