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ABSTRACT

Effluents from many industries are one of the major sources of water
pollution and represent important environmental problems. Generally,
paper recycling process generates large amounts of wastewater.
Electrocoagulation (EC) is an evolving technology that has been effectively
applied in the treatment of industrial wastewater containing various
pollutants, such as textile wastewaters or chemical mechanical polishing
wastewaters. This technique has a great ability to remove the pollutants
from water due to its high efficiency, economically attractive and relatively
lower sludge formation compared with other conventional processes such
as biological, physical, chemical, adsorption and advanced oxidation
processes. However, electrocoagulation (EC) process has been proposed
as alternative to biological, physical and chemical methods due to its
environmentally friendly and cheap to operate.

This paper presents the experimental results obtained by applying the
electrocoagulation method for removing the organic pollutants (COD) and
total suspended solids (TSS) from wastewaters generated in the paper mill
that use as raw materials recycled papers.
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1. Introduction

The effluents from many industries are one of
the major sources of water pollution which represent
important environmental problems [1].

The pollutants in water cause considerable
damage to the aquatic environment and
significant source of environmental pollution. It
contains several harmful chemicals that are
toxic to biological life. [2].

Generally, paper recycling  process
generates large amounts of wastewater. Often,
these effluents are organic compounds in
colloidal or dissolving state containing high
amounts of toxic chemicals originate from raw
materials, such as resin acids and tannins or are
produced during the manufacturing processes
(defibration, deinking and bleaching of recycled
paper). The most of these pollutants are
resistant to biodegradation, having the
bioaccumulation ability on the aquatic trophic
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chain causing long term toxic effects on aquatic
organism’s life [3].

Reducing water consumption by
increasing internal water recirculation after the
implementation of internal cleaning processes
saves money and also decreases the use of
scarce environmental resources. The increasing
of wastewaters use has become an absolute
necessity and an urgent need to develop
inexpensive techniques for treatment of
wastewater. Over the past 20 years this industry
has reduced water consumption by nearly a half
and over the past 30 years by an impressive
95% per tons of paper. Since the main unit
operations associated with papermaking are
carried out in aqueous media, the application of
various chemical additives can considerably
alter the properties of the produced effluents,
making it harmful for the receiving
environments. However, the total closure of the
water circuits is limited by the accumulation of
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contaminants in the water process, which can
give rise to corrosion, deposits, and odors and
alter both the runnability for the paper machine
and the final product quality. If further closure
is required, the effluent must be extensively
treated so that it can be used again in the
papermaking process [4, 5].

To overcome this problem a number of
conventional treatment techniques have been
applied such as catalytic oxidation, adsorption
processes, ion exchange, biological processes,
membrane separation processes, advanced
oxidation processes, ultrafiltration, chemical
precipitation, reverse osmosis, photocatalysis,
chemical coagulation and electrocoagulation
Most of these methods are effective, although
they are quite expensive and have many
disadvantages and limitations [6,7,8].

Electrocoagulation (EC) is a promising
technique for removal of pollutants from
wastewater due to its simple, cheap to operate,
easily available equipment and environmental
friendly [9]. Electrocoagulation (EC) is an
evolving technology that has been effectively
applied in the treatment of industrial
wastewater containing various pollutants, such
as textile wastewaters or chemical mechanical
polishing wastewaters. In the last years this
method has been widely used for the treatment
of wastewaters with a different pollutants:
heavy metals, oil wastes, dyes, fluorine,
refractory organic pollutants including lignin,
suspended particles, nitrates, phenols, arsenic,
poultry manure wastewater pollutants, having the
capability to overcome the disadvantages of the
other treatment techniques [10].

Furthermore, this technique has a great
ability to remove pollutants from water due to

its high decolourization efficiency,
economically attractive and relatively low
sludge formation compared with  other

conventional processes such as biological,
physical, chemical, adsorption and advanced
oxidation processes. However,
electrocoagulation (EC) process has been
proposed as alternative to biological, physical
and chemical methods due to its environmental
friendly and cheap to operate [11].

The EC cell consists of electrodes (anode
and cathode) and power source. Anodes can be
from iron or aluminum, whereas the cathode
material can also be inert, such as titanium.
When sufficient external current flows in the
cell, the iron or aluminum anodes dissolve
producing ionic species which have coagulation
effect and are further hydrolyzed. At the
cathode is produced and released the hydrogen
that contributes to separation of colloidal
pollutants by flotation. (figure 1)

By EC method are removed the impurities that
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are in colloidal form, as in chemical coagulation, and
the main mechanisms of particle removal are the
same for electrocoagulation and inorganic chemical
coagulants: double layer compression, adsorption
destabilization, agregation and precipitation.

Fig.1 The mechanism of electrocoagulation
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However, there are significant differences

between chemical coagulation and electrocoagulation,
such as: no anions, such as sulfate or chloride, are
added together with metal cations and hydroxides
during electrocoagulation; hydrogen produced at
the cathode induces flotation that can separate
agglomerated particles from water and water pH
increases during electrocoagulation, whereas typical
iron and aluminum coagulants decrease water pH
[12].

The electrocoagulation  combined  with
separation  technologies such as filtration,
sedimentation or flotation offers a potential method
for the removal of toxic pollutants from pulp and
paper mill wastewaters.

In this context, the paper presents the
experimental results obtained by applying an
electrocoagulation method for removing of
organic pollutants (COD) and total suspended
and dissolved solids (TSS, TDS) from
wastewaters generated in the paper mill that use
as raw materials recycled papers.

2. Experimental

Materials and methods

The electrocoagulation cell which consists
in: plastic basin for wastewater (16 L volume),
2 aluminum electrodes (anodes which are
dissolved under electrical field and wastewater
contact), 2 stainless steel electrodes (cathodes)
and electrical power source (24V) (Figure 2).
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Fig.2 Electrocoagulation cell

The wastewater was collected from
wastewater treatment plant of paper recycling
processing, before the treatment process.

The  technical parameters of the
electrocoagulation process are presented in the
table 1. The tests were performed in static
mode, using as variable the contact time
between electrodes and wastewater under the
influence of the electric field (10, 15, 20 and 45
min. respectively). In order to evaluate the
efficiency of the treatment method, after each
set reaction time, samples of purified water
were analyzed regarding the content of
chemical oxygen demand (CCOc¢,) and total
suspended and dissolved solids (TSS, TDS).
When using aluminum soluble anodes, the
electrochemical dissolution occurs with the
release in solution of their ions (AI**). By
hydrolysis these ions form insoluble hydroxides
which have a high adsorption activity against
the colloidal and suspended particles.

Table 1 The technical parameters of
electrocoagulation process
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3. Results and discussions

Analyzing the results presented in the
figures 4 and 5 it can be observed a reduction
of COD and TSS as the electro-coagulation
duration is increased. However, the low
efficiency (about 13.3% for TSS and 11.41%
for COD) of the electrocoagulation process is
due to the low voltage of electrical power that
was during the tests (0.8A) comparing with
recommended values of about 3-4A as well as
the high content of impurities from wastewater
(the tests were performed on the wastewater at
entrance in wastewater treatment plant).

The efficiency of pollutant removal was
calculated using formula:

€= C'%Cfxloo, % (1)

where: i
Ci — pollutant content before treatment, [mg/I]
Cf — pollutant content after treatment, [mg/I]

Total suspended s olids, mg/1
o
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Fig.3 Practical electrocoagulation processes

Fig.5 Efficiency of electrocoagulation on COD
removal

Increasing of electrocoagulation duration
over 15 min. has as effect increasing of total
dissolved salts without improving of the
pollutants removing (Figure 6).
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Fig.6The influence of electrocoagulation
process on total dissolved solids removal

The study of dissolving process of the
aluminum electrodes was realized according the
Faraday law. The weight of dissolved metal was
calculated using the formula (2).

MLt
=
. F

Jdgl @
Where,

m — weight of disolved metal, g

M — atomic mass of metal, g (Ma; = 13)

| — intensity of electrical power , A

t — duration of electrocoagulation process, s

n — valence of metal

F —Faraday number, F = 96500

Based on obtained results, it is emphasized
that the dissolving of 1g of Al in water is
equivalent with introduction of 6.35g of
Al,(SO,); pure, while the dissolving of 1g of
Fe is equivalent with introduction in water of
2.93 g of FeCl; (Figure 6).
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Fig.6 Aluminium electrodes after 45 min.
of electrocoagulation process
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4. Conclusions

The electrocoagulation method can be an

effective alternative for industrial wastewater
treatment, replacing the use of high cost
synthetic coagulants and activated carbon in the
stage of physical-chemical treatment.
The main advantage of these processes is their
compatibility with the environment, due the fact
that the main reagent that is used is the electron
which is a “clean” and non-toxic reagent.
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