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Abstract. This study investigates the influence of the current density on both removal of reactive
black 5 dye (RBS5) from water and energy consumption using aluminium-based electrocoagulation
(EC) reactor. The influence of the current density was investigated by electrolysing coloured water
samples containing 25 mg/l of RB5 for 60 min at three different current densities (1, 2, and 3
mA/cm?2). While the initial pH, distance between electrodes, flow rate, and initial temperature of
water were kept constant at 5, 4 mm, 1 L/h, and 20 + 10C, respectively. The obtained results showed
that both the removal of RB5 dye and energy consumption increased with the increase of the applied
current density. For example, it has been found that the removal RB5 and the power consumption
increased from about 95% to 99.5%, and the power consumption increased from 4.3 to 10.4 kWh/m3
as the current density increased from 1 to 3 mA/cm?2, respectively.

1. Introduction

Water pollution is serious global problem due to the limited amount of water on planet of Earth, and due to
the rapid growth in both global population and industrial activities, which in turn produce huge quantity of
wastewater [2-6]. Though there is a wide range of industries that discharge huge quantities of wastewater
into the surface water bodies, the textile industry is categorised as a major and serious source of water
pollution as it produces large volumes of highly polluted wastewater [7, 8]. For instance, the relevant studies
indicated that this industry consumes about 1-2 m3 of water per each 10 kg of textile products, and produce
a similar amount of polluted wastewater [9]. Moreover, the textile effluent is categorised as serious and
highly polluted wastewater due to its chemical composition, where this type of wastewater contains
detergents, dyes, colour fixing agents, and organic matter [9, 10]. Furthermore, azo dyes could be
decomposed in the receiving carcinogenic by-products that have long half-time life [8, 11, 12]. Discharging
this highly polluted wastewater into the water bodies causes different pollution problems, for example it
causes undesirable colours and odours [13]; minimises the penetration sun light that damages the aquatic
life [14]; and minimises the concentration of the dissolved oxygen [11]. Thus, different treatment
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technologies have been used to treat the textile wastewater, such as aerobic and anaerobic degradation,
oxidation, and filtration [12, 15, 16]. Unfortunately, many of the practiced methods were not efficient to
remove the most dangerous pollutants such as the azo dyes [17, 18]. More badly, application of some of
treatment methods to zo dyes containing wastewater results in the formation of carcinogenic compounds
[19], for example, biological reduction of azo dyes under anaerobic conditions could form aromatic amines,
which categorised as carcinogens [20].

Therefore, recent researches suggested different advanced treatment methods to treat the textile effluents,
such as nano-filtration [1], and membrane bioreactor-ultrafiltration [21]. Amongst the recently practiced
methods, electrocoagulation method (EC) received an increasing attention as an effective and affordable
treatment method for textile and municipal wastewater due several merits. For instance, EC method does
not required chemical additives, it requires relatively short treatment time, and it is easy to be operated,
marinated, and integrated with other treatment methods. Additionally, EC method produces less sludge in
comparison with traditional methods, which greatly enhances its cost-effectiveness because treatment and
handling of solid wastes is a costly process [22-31].

In this context, the current study investigates the influence of applied current density on the performance of
the EC method in terms of dye removal and energy consumption.

2. Aims and objectives

As it has been mentioned above, the current study investigates the influence of the applied current density
on the performance of the EC method in terms of dye removal and energy consumption. It is noteworthy to
mention that reactive black 5 dye (RB-5 dye) has been used, in the current study, as the model dye because
it is widely used in the textile industry, and its degradation forms toxic compounds [32]. The molecular
structure of RB-5 is shown in Figure (1).
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Figure 1. Molecular structure of RB-5 dye [1].
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3. Methodology

3.1 EC unit

The influence of current density on the removal of RB-5 dye has been investigated by electrolysing dye
containing synthetic water samples using aluminium-based EC unit, figure 2. The latter is consists of
cylindrical Perspex container (25 cm in height and 10.5 c¢m in internal diameter), which is supplied with
aluminium perforated discoid electrodes (10.4 cm in diameter and 0.1 cm in thickness), Fig. 2. These
electrodes were stacked vertically within the cylindrical container with the plane of each electrode parallel
and perpendicular to the direction of flow. Each electrode had the holes offset from the one above it to
ensure that the water will flow in a convoluted path in order to increase mixing efficiency. A peristaltic
pump (Watson Marlow, model: 504U) was used to circulate the water being treated through the EC unit,
while the required current was supplied using a rectifier (HQ Power; Model: PS 3010).
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Figure 2. The EC unit.

3.2 Influence of current density on dye removal and energy consumption

Initially, synthetic stock solution, 100 mg/l, was prepared by dissolving the required amount of RB-5 dye
in deionised water. Samples with less concentrations of dye, 25 mg/L, were diluted from this stock solution.
Influence of current density on the removal of RB-5 dye has been investigated by subjecting diluted water
samples to different current densities (1, 2, and 3 mA/cm2) for 60 min at flow rate of 1 L/h, inter-electrode
distance of 4 mm, initial pH of 5, and ambient temperature of (20 +10C).

5 mL water samples were periodically collected, each 5 min, from the EC unit to monitor the residual
concentration of RB-5 dye. The collected samples were filtered at 0.45 pm filters (Whatman filters); the
residual dye concentration in the filtrate was measured using a spectrophotometer (Hach Lange DR 2800).
The removal efficiency (RE %) was determined using the following equation [33]:

RE% = C"C—‘ch x 100% (1)

Where C and C; represent the initial and the measured concentrations of RBS5, in mg/L, respectively.
While the energy consumption (E), during the course of each set of experiments, was measured using the
following formula [34]:
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IxV+T
E= Vol. (2)

Where 1 is the current (A), V is the potential (V), t is the treatment time (H), and Vol. is the volume of
treated water (m3).

4. Results and discussion

4.1. Influence of current density on dye removal

As it has been mentioned above, the influence of current density on the removal of RB-5 dye has been
investigated by electrolysing coloured water samples (25 mg/L of RB-5 dye) for 60 min at three current
densities (1, 2, and 3 mA/cm?2).

The obtained results showed a direct proportion between the removal of the RB-5 dye and the magnitude of
the applied current density. It can be seen from figure 3 that 30 min was enough to achieve 100% removal
of RB-5 dye at current density of 3 mA/cm2, but 60 min was required at current density of 2 mA/cm?2 to
reach a removal percentage of 98.6%. %. This increase in removal efficiency with the increase of current
density could be explained by the fact that the dissolved aluminium ions from the anode increases as the
current density increase, which enhances RB-5 dye removal as a consequence [35].
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Figure 3. RB-5 dye removal at different current densities.



International Conference on Civil and Environmental Engineering Technologies IOP Publishing
IOP Conf. Series: Materials Science and Engineering 584 (2019) 012024 doi:10.1088/1757-899X/584/1/012024

4.2. Influence of current density on energy consumption

Though it has been found that increasing the current density positively influences the removal of BR-5 dye,
the obtained results showed that increasing the current density negatively influenced the energy
consumption, where Figure 4 shows that as current density increased from 1 to 3 mA/cm2, the power
consumption increased from 4.3 to 10.4 kWh/m3, respectively.

Power consumption kW.hfm3
to

1 7] 3
Current density (mA/cm?)

Figure 4. Power consumption at different current densities.

5. Conclusions

According to the outcomes of the current study, the removal of RB-5 dye can be effectively enhanced by
increasing the generation rate of fresh coagulants from the metallic anode, which in turn could be enhanced
by increasing the magnitude of the applied current density. However, the increase in the current density is
beneficial to a certain limit as it increases the power consumption, which negatively influences the
applicability of this method. Therefore, the magnitude of the applied current must be optimised to achieve
the highest removal efficiency at a reasonable operational cost.

It is recommended to carry out further investigations about the influence of other operating parameters, such
as water conductivity, ability of the EC method to remove dyes from water and wastewater. Additionally,
the ability of the EC method to remove other pollutants from water and wastewater should be studied.
Finally, due the dramatic changes in climate [36-39] that greatly influencing the global water, the authors
recommend to carry out future investigations about the development of new water treatment methods, such
as integrating EC method with other methods.
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