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Introduction: The pulp and paper industry is one of the most water-intensive industries and generates
large volumes of highly polluted wastewater. Kraft pulp mill effluents contain considerable amounts
of persistent organic compounds, lignin derivatives, dissolved solids, and suspended particles,
resulting in high chemical oxygen demand (COD), turbidity, and a black color. Discharge of such
wastewater without proper treatment poses serious environmental concerns. Various treatment
methods, including biological processes, chemical coagulation, membrane technologies, and
advanced oxidation processes, have been employed to reduce pollutant loads. However, their
widespread application is limited by high operational costs, excessive chemical consumption, and
large sludge production. In recent years, electrocoagulation has attracted considerable attention as an
efficient and environmentally friendly wastewater treatment technology, because of its operational
simplicity, low chemical requirement, and high capability for removing organic contaminants.
Therefore, the objective of the present study was to investigate the effects of electrolysis time and
initial pH on the efficiency of electrocoagulation for the treatment of kraft pulp mill wastewater.
Method: Wastewater samples were collected from a hardwood kraft pulp mill located in northern
Iran. The initial characteristics of the wastewater were COD of 860 mg/l, total dissolved solids (TDS)
of 507 mg/l, and turbidity of 309 NTU. Electrocoagulation experiments were conducted in a batch
reactor at room temperature under a constant voltage of 15 V. Iron and aluminum electrodes were
used as the anode and cathode, respectively, without the addition of any supporting electrolyte. The
initial pH of the wastewater was adjusted to four levels (3, 5, 7, and 10), while electrolysis time was
varied at 10, 20, and 40 minutes. COD, TDS, and turbidity were measured before and after treatment
according to APHA standard methods. All experiments were carried out in triplicate. Data were
statistically analyzed using a factorial experiment based on a randomized complete block design, and
mean comparisons were performed using Duncan's multiple range test at the 5% significance level.
Results: The results indicated that increasing electrolysis time significantly improved the efficiency of the
electrocoagulation process. The individual effects of electrolysis time and initial pH on COD, TDS, and
turbidity were significant at the 99% confidence level, whereas their interaction effect was not significant.
Increasing the electrolysis time from 10 to 40 minutes enhanced pollutant removal due to greater dissolution
of the iron anode, increased formation of metal hydroxides, and improved adsorption and separation of
contaminants. Initial pH also had a noticeable effect on treatment efficiency, with the highest removal
efficiency observed under near-neutral conditions (pH= 5-7). Lower efficiencies obtained under strongly
acidic and alkaline conditions were attributed to changes in iron hydroxide species and reduced floc
stability. Under the optimum conditions (pH 7 and 40 minuntes of electrolysis time), COD, TDS, and
turbidity decreased from their initial values of 860 mg/L, 507 mg/L, and 309 NTU to 298.5 mg/L, 264.5
mg/L, and 26.5 NTU, corresponding to reductions of 65%, 47%, and 91%, respectively.

Conclusion: The results demonstrated that electrocoagulation using iron and aluminum electrodes is
an effective, simple, and environmentally friendly method for the treatment of kraft pulp mill
wastewater. Electrolysis time and initial pH were identified as the most influential operational
parameters, and near-neutral conditions provided the highest pollutant removal efficiency. Overall,
the process exhibited a high capability for reducing COD, TDS, and turbidity, and can be considered
a promising option for pretreatment or supplementary treatment of pulp and paper mill effluents.
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