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ABSTRACT

The textile industries are highly water-intensive, generating large volumes of wastewater
containing salts, dyes, and heavy metals, along with high biological oxygen demand (BOD) and
chemical oxygen demand (COD). Therefore, the effluent must undergo adequate treatment to
prevent environmental contamination before discharge into the aquatic environment. Several
conventional and advanced wastewater treatment technologies have been employed to remove
dyes from textile effluent. Among them, electrocoagulation (EC) has emerged as a promising
method for treating domestic and industrial wastewater. In EC, coagulants are generated in situ
through the electrochemical dissolution of a sacrificial anode on applying an electric current across
the metal electrodes.

The performance of EC is influenced by several operational parameters, including applied current,
inter-electrode distance, electrode shape and geometry, electrode configuration (connection
mode), and the mode of operation (batch or continuous). In the present study, the effect of electrode
geometry, specifically, electrodes with punched holes of varying number and diameter, along with
key operating parameters and electrode configurations (bipolar, monopolar series, and monopolar
parallel), has been investigated in batch mode. The performance of EC was assessed based on color
removal efficiency (CRE), electrical energy consumption (EEC), and operating cost (OC). A
commercially available Reactive Orange 4 dye was used to prepare the synthetic dye solution for
the experiments.

It was observed that the punched—holed electrodes resulted in higher color removal efficiency,
along with reduced energy consumption and operating cost, compared to the plane electrodes. A
color removal efficiency of 96.50% was obtained using punched-hole electrodes under the

optimized conditions: current of 0.05 A, inter-electrode distance of 1.0 cm, and an initial dye



concentration of 100 ppm. The EEC and OC were found to be 2.058 kWh/m?3 and 0.649 US $/m3,
respectively, under these conditions. The effect of punched-hole electrodes on the treatment of real
dye effluent was also studied, and the punched-hole electrodes resulted in a COD removal of
78.79%, compared to 69.30% with plane electrodes. The corresponding EEC and OC were 0.5
kWh/m3 and 0.424 US $/m3 for the punched-hole electrodes.

Furthermore, the influence of electrode geometry and configuration was studied using four
electrodes arranged in bipolar (BP), monopolar series (MP-S), and monopolar parallel (MP-P)
connection modes. It was observed that both electrode shape and configuration significantly
affected the rate of color removal, CRE, EEC, and OC. The highest rate of color removal was
observed for the BP configuration, followed by MP-S, and the lowest for MP-P. The EEC values
for BP, MP-S, and MP-P modes were found to be 4.22, 3.31, and 1.86 kWh/m83, respectively, while
the operating costs were 1.192, 0.966, and 0.712 US $/m?, respectively.

Electrocoagulation was also carried out in continuous mode of operation, which offers several
advantages over batch operation, including consistent effluent quality, the ability to treat larger
volumes of wastewater, and lower operational costs. A response surface methodology (RSM)
using a full factorial central composite design (CCD) was employed to study the interactive effects
of operating parameters, applied current, solution flow rate, and treatment time, on the
performance of continuous EC. The selected parameter ranges were: current (0.1-0.3 A), flow rate
(10-30 mL/min), and treatment time (60-180 min). It was found that the CRE improved with
increasing current and decreasing flow rate. The highest CRE of 86.24% was obtained at 0.2 A
current, 3.182 mL/min flow rate, and 120 min treatment time. Conversely, the lowest CRE of
39.69% was obtained at 0.032 A current, 20 mL/min flow rate, and 120 min treatment time.

Additionally, according to operating conditions obtained using the optimization tool in RSM, a



maximum CRE of 91.89% was found under the conditions: current of 0.2493 A, flow rate of 3.18
mL/min, and treatment time of 192.368 min.

In conclusion, electrocoagulation is a viable technique for treating wastewater in batch and
continuous modes of operation. The electrode shape and configuration are significant in
determining CRE, EEC, and OC. The BP connection mode resulted in the highest CRE. However,
the MP-P connection mode resulted in the lowest operating cost. The continuous mode of operation

was used to effectively treat the wastewater.
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