
Effect of operational parameters on the removal of phenol from
aqueous solutions by electrocoagulation using Fe and Al electrodes

Mehmet Kobyaa;�, Erhan Demirbasb, Oguz Sahina

aDepartment of Environmental Engineering, Gebze Institute of Technology, 41400 Gebze, Turkey
Tel. +90 (262) 6053214; Fax: +90 (262) 6538490; email: kobya@gyte.edu.tr
bDepartment of Chemistry, Gebze Institute of Technology, 41400 Gebze, Turkey

Received 31 December 2011; Accepted 12 February 2012

ABSTRACT

The removal of phenol from aqueous solutions in a batch electrocoagulation (EC) process
using Fe and Al electrodes was investigated. Experiments were carried out to remove phenol
by the EC covering a wide range of operating conditions such as initial pH (4–9), current
density (20–80A/m2), initial phenol concentration (20–80mg/L), conductivity (500–1,500 lS/
cm), and operating time (0–100min). The optimum operating conditions were determined as
initial pH 7.0, initial concentration of 50mg/L, current density of 40A/m2, operating time of
100min, and conductivity of 1,200 lS=cm for both electrodes, respectively. The removal effi-
ciencies of phenol at the optimum operating conditions were 98.6% for Fe electrode and
99.2% for Al electrode. The operating cost and consumptions of electrode and energy in the
EC process were calculated as 7.4e/m3, 3.85 kg/m3, and 43.27 kWh/m3 for Fe electrode and
6.1e/m3, 1.28 kg/m3, and 42.18 kWh/m3 for Al electrode, respectively. The EC process with
Al electrode was found to be more efficient than the EC process with Fe electrode in terms
of the removal efficiency and operating cost.
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1. Introduction

Phenols are aromatic compounds containing one or
more hydroxyl group(s) attached to the aromatic ring.
The global phenol production reached 7.8 million tons
in 2001 because of increasing industrial activities [1].
Many industries are characteristic sources of phenolic
pollutants, including petroleum refining, coke manu-
facturing, pulp and paper mills, plywood manufactur-
ing, iron and steel manufacturing, synthetic
resin manufacturing, leather tanning and finishing,
aircraft maintenance, pharmaceuticals, paints, foundry
operations, explosives manufacture, fiberglass manu-

facturing, chemical plants, textile mills operations, plas-
tic, rubber reclamation plants, and mine discharge [2,3].
Phenol compounds are considered as priority pollu-
tants since they are toxic to aquatic life and human
beings at low concentrations (5–25mg/L) and many of
them have been classified as hazardous pollutants due
to their potential to harm human health [4]. Chronic
toxic effects due to phenols reported in humans include
vomiting, difficulty in swallowing, anorexia, liver and
kidney damage, headache, fainting, and other mental
disturbances [5,6]. Phenol is highly toxic and difficult
to degrade biologically which has led to the setting up
of rigid limits on the acceptable level of phenol in the
environment. Therefore, Environmental Protection
Agency (EPA) has set a limit of 0.1mg/L of phenol in*Corresponding author.
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