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Abstract

In this work the removal efficiency of two polymers : styrene butadiene rubber (SBR) and
styrene acrylate (SA) from aqueous solution using the electrocoagulation process were investigated.
The effects of operational parameters such as initial pH, initial concentration, current density, type
of electrolyte, salt concentration and temperature on the polymer and COD removal efficiency have
been studied. The optimal operating condition for removal of (SBR) were : initial pH of 7.1, an
initial polymer concentration of 200 mg/L, temperature of 30 oC, current density (25 mA/cm2) and
salt concentration of (1.5 g/L) by using Fe, S-S and Al electrodes. The results showed that the
removal percentage for SBR and COD were (99.2% and 91.2 %), (99.4% and 93.5%) and (98.9 %
and 90.2%) by using Fe, stainless steel (S-S) and Al electrodes at 15 min respectively. The
adsorption equilibriums were analyzed by Langmuir and Freundlich isotherm models. It was found
that the data fitted to Freundlich (R² = 0.954) better than Langmuir (R² = 0.777) model. The
removal of SBR exhibited a pseudo-first order reaction with rate constant (0.979, 0.992 and 0.946
min-1 ) for Fe, S-S and Al electrodes respectively. The consumption of electrical energy for SBR at
optimum conditions as follows: (0.375, 0.3125 and 0.281 KWh/m3) using Fe, S-S and Al electrodes
respectively. The optimum conditions for SA with an initial pH of 7.3, initial polymer concentration
of 200 mg/L, current density 25 mA/cm2 for iron (Fe), stainless steel (S-S) and aluminum (Al)
electrodes, salt concentration of 2 g/L and temperature of 20 oC. The results showed that SA and
COD removal were (99.2% and 95.9 %), (99.4% and 97.1%) and (99 % and 93.1 %) by using Fe,
S-S and Al electrodes at 8 min respectively. The adsorption equilibriums were analyzed by
Langmuir and Freundlich isotherm models. It was found that the data fitted to Freundlich (R² =
0.944) better than Langmuir (R² = 0.674) model. The removal of SA exhibited pseudo first order
with rate constant (0.932, 0.913 and 0.942 min-1 ) using Fe, S-S and Al electrodes. The consumption
of electrical energy for SA at optimum conditions as follows: (0.283, 0.243 and 0.18 KWh/m3)
using Fe, S-S and Al electrodes respectively.
After the treatment of SBR and SA co-polymers effluents obtained from Sizer spuc and super cryl
paints, the removal percentages of SBR and SA polymer from its paint at 15 and 8 min using Fe,
SS and Al electrodes were (72.1%, 67.9%, and 62.1%) and (90.5%, 67.3% and 63.4%)
respectively. The removal percentages of SBR and SA COD were (68.1%, 64%, and 60.2%) and
(87%, 58.5%, and 51.9%) respectively.
Keywords: electrocoagulation, iron, stainless steel, aluminum, electrode, SBR, styrene acrylate,
polymer, water treatment.
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ملخص الدراسة
في ٕزٓ اىذساسخ رٌ اىزحقق ٍِ مفبءح إصاىخ اثْيِ ٍِ اىج٘ىيَشادٍ :طبط ثْبئي ثي٘ربُ سزيشيِ ٗ امشيالد اىسزيشيِ ٍِ اىَحي٘ه
اىَبئي ثبسزخذاً طشيقخ اىزخثش اىنٖشثيٗ .ىزحذيذ مفبءح اإلصاىخ ٍٗزطيت األمسديِ اىنيَيبئي رَذ دساسخ اىؼذيذ ٍِ اىؼ٘اٍو اىَؤثشح
ػيى اىؼَييخ ٍثو اىشقٌ اىٖيذسٗخيْي ,رشميض اىج٘ىيَش ,شذح اىزيبسّ٘ ,ع اىَيح ,رشميض اىَيح ٗدسخخ حشاسح اى٘سظٗ .قذ مبّذ أفضو
ّزبئح رٌ اىحص٘ه ػييٖب ىج٘ىيَش ٍطبط ثْبئي ثي٘ربُ سزيشيِ في ظو اىظشٗف اىزبىيخ :اىشقٌ اىٖيذسٗخيْي  ,7.1رشميض اىج٘ىيَش 200
ٍييي غشاً/ىزش ,دسخخ اىحشاسح  30دسخخ ٍئ٘يخ ,شذح اىزيبس (ٍ 25ييي أٍجيش/سٌ ٗ )2رشميض اىَيح (1.5خشاً/ىزش ) ثبسزخذاً اقطبة
اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗاالىٍْ٘يً٘ ػيى اىز٘اىي .ثحيث مبّذ ّسجخ مفبءح اإلصاىخ ٍٗزطيت االمسديِ اىنيَيبئي (ٗ % 99.2
 )%90.2 ٗ %98.9( ٗ )%93.5 ٗ %99.4( ,)%91.2ثبسزخذاً اقطبة اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗ االىٍْ٘يً٘ ػْذ صٍِ
 15دقيقخ ػيى اىز٘اىيٗ .قذ رٌ رحييو ر٘اصّبد االٍزضاص ٍِ قجو َّبرج الّدَيش ٗ فشيْذىش .رجيِ أُ اىجيبّبد اىَدٖضح ىَْ٘رج
فشيْذىش ( (R2 = 0.954افضو ٍِ َّ٘رج الّدَيش (ٗ .)R2 = 0.777قذ ٗخذ اُ اصاىخ اىج٘ىيَش يظٖش ٍؼذه سشػخ رفبػو ٍِ
اىشرجخ االٗىى ثَؼذه ثبثذ ( 0.946ٗ 0.992, 0.979دقيقخ )1-ألقطبة اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗ االىٍْ٘يً٘ ػيى اىز٘اىي.
اسزٖالك اىطبقخ اىنٖشثبئيخ ىيج٘ىيَش ٍطبط ثْبئي ثي٘ربُ سزيشيِ ػْذ اىظشٗف اىقيبسيخ مبىزبىي 0.25 ٗ 0.3125 ,0.375( :ميي٘
ٗاط سبػخٍ/زش ) 3ثبسزخذاً اقطبة اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗاالىٍْ٘يً٘ ػيى اىز٘اىي .في اىحبىخ اىَثبىيخ ىج٘ىيَش امشيالد
اىسزبيشيِ ٍغ سقٌ ٕيذسٗخيْي  ,7.3رشميض اىج٘ىيَش ٍ 200ييي غشاً/ىزش ,شذح اىزيبس ٍ 25ييي أٍجيش/سٌ2ألقطبة اىحذيذ ,اىف٘الر
اىَقبًٗ ىيصذأٗىألىٍْ٘يً٘ ,رشميض اىَيح  2خشاً/ىزش ٗدسخخ اىحشاسح  20دسخخ ٍئ٘يخ .حيث اظٖشد اىْزبئح إلصاىخ ث٘ىيَش امشيالد
اىسزبيشيِ ٍٗزطيت االمسديِ اىنيَيبئي ( )%93.1 ٗ %99( ٗ )97.1 ٗ %99.4( ,)%95.9 ٗ % 99.2ثبسزخذاً اقطبة
اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗ االىٍْ٘يً٘ ػْذ صٍِ  8دقيقخ ػيى اىز٘اىيٗ .قذ رٌ رحييو ر٘اصّبد االٍزضاص ٍِ قجو َّبرج
الّدَيشٗفشيْذىش .رجيِ أُ اىجيبّبد اىَدٖضح ىَْ٘رج فشيْذىش (  (R2 =0.944افضو ٍِ َّ٘رج الّدَيش (ٗ .)R2 = 0.674قذ
ٗخذ اُ اصاىخ امشيالد اىسزيشيِ يظٖش ٍؼذه سشػخ رفبػو ٍِ اىشرجخ االٗىي ثَؼذه ثبثذ ( 0.942ٗ 0.913, 0.932دقيقخ)1-
ألقطبة اىحذيذ ,اىف٘الر اىَقبًٗ ىيصذأ ٗ االىٍْ٘يً٘ ػيى اىز٘اىي .اسزٖالك اىطبقخ اىنٖشثبئيخ ىج٘ىيَش امشيالد اىسزيشيِ ػْذ
اىظشٗف اىقيبسيخ مبىزبىي 0.18 ٗ 0.243 ,0.283( :ميي٘ ٗاط سبػخٍ/زش .) 3ثؼذ ٍؼبىدخ اىج٘ىيَشاد اىزائجٔ ه ٍطبط ثْبئي ثي٘ربُ
اىسزيشيِ ٗامشيالد اىسزيشيِ ٍِ ث٘يب اىس٘ثش مشايو ٗاىسبيضس سجل ّ ,سجخ االصاىخ مبّذ ىج٘ىيَشاد ٍطبط ثْبئي ثي٘ربُ اىسزيشيِ
ٗامشيالد اىسزيشيِ ٍِ اىج٘يب اىخبصخ ثٖب ػْذ  8 ٗ 15دقبئق ثبسزخذاً أقطبة اىحذيذ ٗاىسزبّييسزيو ٗاالىَْيً٘ (ٗ%72.1
 )%63.4ٗ %67.3 ٗ %90.5( ٗ )%62.1 ٗ%67.9ػيى اىز٘اىي ٗمبّذ ّسجخ االصاىٔ ىَطبط ثْبئي ثي٘ربُ اىسزيشيِ ٗامشيالد
اىسزيشيِ ٍٗزطيت االمسديِ اىنيَيبئي ( ) %51.9 ٗ %58.5 ٗ%87 ( ٗ ) %60.2 ٗ %64ٗ %68.1ػيى اىز٘اىي.
كلمات مفتاحية :اىزخثش اىنٖشثبئي ,أقطبة اىحذيذ ,أقطبة اىف٘الر اىَقبًٗ ىيصذأ ,أقطبة االىٍْ٘يًٍ٘,طبط ثْبئي ثي٘ربُ سزيشيِ ,
امشيالد اىسزيشيِ ,ث٘ىيَشٍ ,ؼبىدخ اىَيبٓ.
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1. INTRODUCTION

1.1.Polymer
Polymer industry is the world’s fastest growing sector due to ever increasing demand of its
products. Polymer-based products have become an essential part of every day’s life. The high
demand for polymers has resulted in a large quantity of polymer effluent that needs to be treated
in order to protect the environment and aquatic life. The industrial polymer effluent contains
residual polymers in water and has higher level of suspended solids and organic materials. This
effluent is usually milky in color containing finely dispersed solid particles called colloides
which are stabilized by negative electric charges on their surface, causing them to repel each
other. The repulsion between these particles prevents them from settling and keeps them in
suspension. These particles cannot be easily separated with conventional physical methods such
as filtration or settling and therefore, require addition of chemicals to neutralize the charges on
colloidal particles (Dabrowski et al., 2005; Swami and Buddhi., 2006; Kawashima et al., 2011;
Moo-Young, 2007).
Polymer industries generate significant amounts of effluent which has to be treated before
being discharged into water stream. So far, very little attention has been paid towards synthetic
polymer effluent treatment by physio-chemical process (Sher et al., 2013). Synthetic polymers
are important in many branches of industry, that are widely used in our daily lives for the
manufacturing of consumable goods, building materials, medical applications, pharmaceuticals,
paint, textiles, paper, in plastic, in resins, and in adhesives amongst a variety of other products
(Tharpes, 1989; Gowariker et al., 2005). However, they have an undesirable influence on the
environment and cause problems with waste deposition and utilization (Leja et al., 2010).
Developments in science and technology, especially over the last two decades, have increased
the amount of synthetic polymers produced worldwide each year. Each year approximately 140
million tons of synthetic polymers are produced (Shimao, 2001). The presence of these
substances in the environment brings about some problems, including a challenge to wastewater
treatment plants and pollution of groundwater and surface water. Synthetic polymers are
recognized as major solid waste environmental pollutants (Kyrikou et al., 2007). There are many
different types of polymers and what distinguishes one from another are the types of molecules
used in their preparation and in the way they are joined together (Billmeyer, 2007).
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In general, polymers consist of a range of organic and inorganic molecules formed from
elements, such as carbon, silicon, hydrogen, nitrogen (nylon), oxygen (polyester and
polycarbonates) and chloride (polyvinyl chloride) (Plastics Europe, 2010). These elements are
joined together in different bond combinations to achieve the differences in polymer properties,
for example, elasticity and the ability to be melted or remodled into another form (Billmeyer,
2007).
1.2. Classification of Polymers:
Polymer is a generic name given to a vast number of materials of high molecular weight. These
materials exist in countless form and numbers because of very large number and type of atoms
present in their molecule. Polymer has different chemical structure, physical properties,
mechanical behavior, thermal characteristics, etc., and on the basis of these properties polymer
can be classified in different ways (Billmeyer, 2007), as follow:
1.2.1. source (synthetic, semi synthetic and Natural) polymers
1.2.1.1. Synthetic polymer:
The polymer which has been synthesized in the laboratory is known as synthetic polymer. These
are also known as manmade polymers. Examples of such polymers are polyvinyl alcohol,
polyethylene, polystyrene, polysulfone, etc (Cowie, 2007).
There are one type of synthetic polymer defiend as synthetic water-soluble polymers which are
substances dissolve, disperse or swell in water and, thus, modify the physical properties of
aqueous systems in the form of gellation, thickening or emulsification/stabilization. These
polymers usually have repeating units or blocks of units, the polymer chains contain hydrophilic
groups that are substituents or are incorporated into the backbone. The hydrophilic groups may
be nonionic, anionic, cationic or amphoteric (Kadajji, 2011).
1.2.1.2. Semi synthetic polymer:
They are the chemically modified natural polymers such as hydrogenated, natural rubber,
cellulosic, cellulose nitrate, methyl cellulose, etc (Cowie, 2007).
1.2.1.3. Natural Polymers
The polymers, which occur in nature are called natural polymer also known as biopolymers.
Examples of such polymers are natural rubber, natural silk, cellulose, starch, proteins, etc.
(Chanda, 2006).
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1.2.2. structure of polymer (Linear, Branched chain and Crosslinked or Network) polymers
1.2.2.1. Linear Polymers:
These polymers consist of long and straight chains. The examples are high density polyethene,
PVC, etc. Linear polymers are commonly relatively soft, often rubbery substances, and often
likely to soften (or melt) on heating and to dissolve in certain solvent (Ravve, 2013).

1.2.2.2 Branched Polymers:
These polymers contain linear chains having some branches, e.g., low density polyethene
(Ravve, 2013).

1.2.2.3 Cross-linked Polymers:
These are usually formed from bi-functional and tri-functional monomers and contain strong
covalent bonds between various linear polymer chains, e.g. vulcanized rubber, ureaformaldehyde resins, etc. Cross linked polymers are hard and do not melt, soften or dissolve in
most cases (Ravve, 2013).

1.2.3 Composition of Polymers (Homopolymer and Copolymer)
1.2.3.1 Homopolymer:
A polymer resulting from the polymerization of a single monomer, which a polymer consisting
substantially of a single type of repeating unit, e.g. polystyrene, ect (Chanda, 2006).

1.2.3.2. Copolymer:
Copolymers

that

are

obtained

by copolymerization of

two

monomer

species

are sometimes termed bipolymers, those obtained from three monomers terpolymers,
those obtained from four monomers quaterpolymers, etc. Commercially relevant copolymers
include acrylonitrile butadiene styrene (ABS), styrene/butadiene co-polymer (SBR), nitrile
rubber, styrene-acrylonitrile,

styrene-isoprene-styrene

(SIS)

and ethylene-vinyl

acetate

(Mcnaught et al., 1996).
Monomers within a copolymer may be organized along the backbone in a variety of ways:
1.2.3.2.1.Block copolymers
Have two or more homopolymer subunits linked by covalent bonds. Polymers with two or three
blocks of two distinct chemical species (e.g., A and B) are called diblock copolymers and
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triblock copolymers, respectively. Polymers with three blocks, each of a different chemical
species (e.g., A, B, and C) are termed triblock terpolymers (Painter et al., 1997).
1.2.3.2.2 Alternating copolymers
Possess regularly alternating monomer residues:[AB...]n (Painter et al., 1997).
1.2.3.2.3. Graft or grafted copolymers
Contain side chains that have a different composition or configuration than the main chain
(Painter et al., 1997).
1.2.3.2.4. random copolymer
The two monomers may following any order ( Painter et al., 1997).

1.2.4. Type of polymerization (Addition, condensation polymers)
1.2.4.1. Addition polymers:
They are formed from olefinic, diolefnic, vinyl and related monomers. They are formed from
simple addition of monomer molecules to each other in a quick succession by a chain
mechanism. This process is called addition polymerization. Examples of such polymers are
polyethylene, polypropylene, polystyrene (Chanda, 2006).
1.2.4.2. Condensation polymer:
They are form

inter molecular reactions between bifunctional or polyfunctional monomer

molecules having reactive functional groups such as –OH, -COOH, -NH2, -NCO, etc, e.g
polyamide (nylon 6,6) (Chanda, 2006).
1.2.5. molecular forces (Thermoplastic, Thermosetting)
1.2.5.1. Thermoplastic: Is a plastic material, polymer, that becomes pliable or moldable above
a specific temperature and solidifies upon cooling such as Acrylic, Acrylonitrile butadiene
styrene (ABS), Polystyrene, ect ( Baeurle, 2006).
1.2.5.2.

Thermosetting:

Also

known

as

a thermoset,

is

a pre-polymer material

which cures irreversibly. The cure may be induced by heat, normally above 200 °C , through a
chemical reaction, or suitable irradiation. Such as Polyurethanes, Epoxy resin, Polyester resins,
Polyimides ( Fortman, 2015).
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1.3. Applications of polymers in paint (Porwal, 2015).
Paint typically consists of pigment, resin, solvent and additives, it include:
 Pigment to provide colour, hiding and control gloss.
 Resin and/or binder, to hold the pigment particles together and provide adhesion to the
surface painted. Waterborne paints most often use acrylic emulsion polymers as binders.
These come in a wide variety of types and combinations.
 Solvent help the paint application, to act as a carrier for the pigments and resin the
solvent may be organic (such as Mineral Turps) or water.
 Additives to enhance certain properties such as ease of brushing, mould resistance, scuff
resistance, drying and sag resistance in vinyl and acrylic paints they will also include
plastics compounds. Some will include formaldehyde, arsenic, thinners, and foamers.

1.4. Harmful effects of paint pollution
Prolonged or high exposure to paint and paint fumes can cause headaches, trigger allergies and
asthmatic reactions, irritate skin, eyes and airways, and put increased stress on vital organs such
as the heart. The World Health Organization (WHO) has reported a 20%-40% increased risk of
certain types of cancer (in particular lung cancer) for those who come into regular contact with,
or work with paint while Danish researchers point to the added possibility of neurological
damage. By far, the most important environmental impact from paints is the release of volatile
organic compounds (VOCs) during the drying process after the coating is applied. Virtually
everything but the solids in a typical paint formulation is released to the air. (Porwal, 2015).

1.5. Polymers and the Environment
The principal introduction routes of polymer based materials (PBMs) are likely to differ
between geographical regions depending on infrastructure. The environmental occurrence of
PBMs is identified as an important pollution related issue, because of the estimated volumes
involved, and because they are difficult and time consuming to remove (Erren et al., 2009).
Studies from around the world have now documented PBMs as a major component of marine
poluter, as a pollutant of freshwater aquatic environments (Zbyszewski, 2011; Petry et al., 2009)
The degradation of PBMs has been derived from artificial laboratory studies that investigate a
single mechanism of degradation such as photodegradation (Nagai et al., 2005a; Nagai et al.,
2005b), thermal degradation (Agostini et al., 2008; Cit et al., 2010), and biodegradation using
microbial cultures (Cherian et al., 2009; Cosgrove et al., 2007; Linos et al., 2000; Saad et al.,
2010; Tsuchii et al., 1997).
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1.6. The environmental risks of PBMs
The environmental risk of PBMs remains an open question. PBMs are composed of polymers
that determine the polymer type and additives that enable processing and give the material its
desired properties. From a toxicity assessment point of view PBMs are considered as inert and of
low environmental risk. However, several monomers and additives used in their production are
identified as hazardous (Table 1.1). Presently, only some polymer-based consumer products have
restrictions on their chemical makeup, for example food contact materials (European
Commission, 2002). However, there is the potential for the release of chemicals from PBMs to
the environment at all lifecycle stages. For example, low molecular mass additives that are
weakly bound or not bound, unpolymerised residual monomers, and degradates formed during
exposure to weathering processes. Here, an extensive degradation study was undertaken, but this
may not be appropriate for all new PBMs because of the time scale involved.
Table 1.1 Polymer materials identified as containing hazardous compounds (Rossi and Lent, 2006).

Polymer type

Identified hazardous compounds

PVC

Formation of dioxins during manufacturing and waste
incineration. Additives include phthalate plasticizers which
are suspected endocrine disrupting compounds. Older PVC
formulations used lead and organotins to act as stabilizers.
Lead is a neuro-toxicant and organo-tins are known to
impact sexual development.

PS

The monomer styrene is suspected carcinogen.

ABS

A copolymer of acrylonitrile, butadiene-1,3 and styrene. All
of which are classified as probable carcinogenic by the
International Agency for

Research on Cancer (IARC,

1994).
EVA

Made from vinyl acetate feedstock which an possible
carcinogen (IARC, 1994).

PUR

Manufactured from formaldehyde known carcinogen and a
variety of other chemicals that are classified as hazardous
(IARC, 1994).

PET

Manufactured

from

developmental toxicant.
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ethylene

glycol

a

possible

In particular, styrene is an essential ingredient in our study on polymer that have a health
hazard:
According to the US EPA, 100% of americans have styrene in their bodies, particularly among
workers in the reinforced plastics industry, see (table 1.2)
Table 1.2 Styrene materials identified as have health hazardous.

Americans

Exposure

Occurs

Reference

(1- 100) µg/person/day.

Indoor inhalation and food (US Department,

population
In general
population

intake.

Occupational Higher levels than in the

Particularly in poly styrene (Act, 1993).

exposure

general population.

2010; Act, 1993 ).

factories, the reinforced
plastics industry, and boat
manufacturing.

Cancer

Styrene is a known lab

In the occupational setting

(IARC, 1994;

animal carcinogen and a

from reinforced plastics

Hodgson, 1985;

possible human carcinogen.

workers.

Barale, 1991; Bond,
1992).

Acute exposure to styrene

in mucous membrane (in

in humans results.

the throat) and eye

(OEHHA, 1999).

irritation, gastrointestinal
effects, listlessness, and
impairment of balance.
Chronic exposure to

Affects the central

(OEHHA, 2001;

styrene in

nervous system, resulting

Welp et al., 1996;

humans.

in headache, fatigue,

Viaene, 2001).

muscle weakness,
depression, hearing loss,
peripheral neuropathy,
and contributes to central
nervous system disease
incidence.
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1.7. Environmental Degradation
Once in the environment PBMs are degraded through abiotic or biotic factors working together
or in sequence, these processes cause the polymer matrix to disintegrate, resulting in the
formation of fragmented particles of various sizes and leached additives. There are now a
number of studies whose authors have investigated the degradability of a range of PBMs under a
range of exposure conditions. In the following section we address the degradation of PBMs with
a focus an studies that are environmentally relevant (Lambert, 2013).

1.8. Factors Affecting Degradation
Polymer characteristics play an important role in the degradation rate of PBMs (Albertsson et al.,
1993).
1. The molecular composition of a PBM also affects the hydrophobicity of the polymer
surface, which in turn affects how easily microorganisms can attach themselves
(Albertsson et al., 1993).
2. Complexity of a specific polymer structure (cross-linked polymers that form highly
ordered networks) and composition (co-polymers) can affect overall degradability by
directly influencing the accessibility of enzymes (Artham and Doble, 2008).
3. PBMs with short and regular repeating units that have high symmetries and strong interchain hydrogen bonding (e.g., PE, PP and PET), often limit accessibility and are less
susceptible to enzyme attack (Artham and Doble, 2008) , (Kumar et al., 2006) studied the
degradability of ethylene-propylene co-polymers, and found biotic degradability to
decrease with increased ethylene content over a 6-month time period.
4. Composition also affects how sensitive a polymer is to photo-degradation. (Kaczmarek et
al., 2007) used blends of poly (ethylene oxide) and pectin and found that after 20 hours
of exposure the blends most sensitive to UV irradiation were those with an equal weightratio of each polymer.
5. In the aquatic environment the mechanical disintegration of PBMs is facilitated by wave
action and grinding with sediment particles, whereas changes in chemical functionality
are driven by UV exposure. Floating debris has a greater exposure to sunlight and the
oxidative properties of the atmosphere, which act alongside the hydrolytic properties of
water to cause the material to become brittle and fragment (Sudhakar et al., 2007).
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Table 1.3 Studied polymers degradation in various environmental matrices

Type of

Length of

material

study

PE, PP & PS

2 months

Main findings

The presence of PE increased alkane content, PS led to
higher aromatic content, PP favoured alkene formation of
end products. (Pinto et al., 1999)

NRL and SBR

2 months

The biodegradation mechanism of Gordonia strains was
described as the scission of the cis-1,4 double bond by
oxygen attack to produce carbonyl groups with an aldehyde
on the one side and a ketone on the other side of each
molecule (Linos et al., 2000).

1.9. Styrene butadiene rubber (SBR)
1.9.1. Definition.
SBR describe families of synthetic rubbers derived from styrene and butadiene (Di Pilla,
2004), The mixture of these two monomers is polymerized by two processes: from solution (SSBR) or as an emulsion (E-SBR) based on the different manufacturing process. In this study we
used (E-SBR), these materials have good abrasion resistance and good aging stability when
protected by additives. In 2012, more than 5.4 million tons of SBR were processed worldwide
(Obaid, 2013). The styrene/butadiene ratio influences the properties of the polymer with high
styrene content, the rubbers are harder and less rubbery (Obrecht et al., 2012).

1.9.2. Uses And Application
1. It is a commodity material which competes with natural rubber. SBR is extensively used
in coated papers, being one of the cheapest resins to bind pigmented coatings.
2. For aggressive medium and high friction.
3. SBR- based under coat emulsion using as primer for SBR-based emulsion paints
4. It is also used in building applications, as a sealing and binding agent behind renders as
an alternative to PVA, but is more expensive.
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5. The elastomer is widely used in pneumatic tires. Other uses include shoe heels and
soles, gaskets, and even chewing gum (Obrecht et al., 2012). About 50% of car tires are
made from various types of SBR.
6. SBR is not to be confused with a thermoplastic elastomer made from the same
monomers, styrene-butadiene block copolymer. In the latter application, it offers better
durability, reduced shrinkage and increased flexibility, as well as being resistant to
emulsification in damp conditions.
7. SBR used to 'tank' damp rooms or surfaces, a process in which the rubber is painted
onto the entire surface (sometimes both the walls, floor and ceiling) forming a
continuous, seamless damp-proof liner; a typical example would be a basement.
Additionally, it is used in some rubber cutting boards. (Obrecht et al., 2012).

1.9.3 Problem of Styrene butadiene rubber in Humans
the risks to human health arising from occupational exposure to styrene butadiene during the
manufacture of monomer and polymers, the key areas of concern are for mutagenicity and
carcinogenicity. In relation to worker exposure the studies in the styrene–butadiene rubber
(SBR) industry explained that the excess of mortality from leukaemia in one of the butadienemonomer industry cohorts (McMichael et al., 1974; Meinhardt et al., 1982; Matanoski &
Schwartz, 1987; Matanoski et al., 1990, 1993).
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1.9.4. Chemical and Physical Properties of Styrene butadiene rubber (SBR)
TABLE (1.4): Chemical – Physical Properties of Styrene butadiene rubber (kim & Pernecker)

Commercial Name
Styrene butadiene rubber or Buna S
Chemical structure

λmax (nm)

305 nm

Physical Appearance

Milky with Bluish Emulsion

1.015 g/ml

Density

Poly(buta-1,3-diene-styrene)mer

IUPAC Name
Chemical formula

(C12H14)n
69,700 g/mole

Molecular Weight (g/mol)

(40:60) %

Styrene:butadiene

8.1-8.6 mg/L

Water solubility
(Forrest,2001)
% SBR (dry mass)

7-10%

1.10. Styrene acrylate copolymer (SA)
1.10.1. Definition
SA emulsions are manufactured by first mixing styrene and acrylic monomers in water using an
appropriate surfactant to emulsify the monomer. A polymerization reaction is then initiated using
a suitable initiator, and the monomers react to form SA polymer particles that remain suspended
as an emulsion (Eric et al ,2010).
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1.10.2. Uses And Application (Eric et al., 2010; Rohm & Haas Company, 2009).
 SA based emulsion paint using as washable decorative final coat.
 SA are added to water-based (latex) paint formulations to provide water whitening
resistance, improved washability, and enhanced film formation.
 These emulsions are used almost exclusively as architectural coatings in a variety of high
Pigment Volume Concentration (PVC) paint formulations.
 These products are used for both interior and exterior coating formulations for: Flat,
sheen, and semi-gloss paints, Primers, Textured paints .
 Worker exposure to these emulsions is possible during manufacture, formulation,
transport, or application.
1.10.3. Environmental exposure
Small quantities of these products may be released into the environment during application. In
the event of a spill, the focus is on immediate containment to prevent contamination of soil,
surface water, or groundwater. For small spills the emulsions should be absorbed with inert
materials such as sand or eart. If released to surface water the polymers would initially remain
dispersed in water )Rohm & Haas Company, 2009).
Although polymeric substances are generally considered nonbiodegradable, these emulsion
polymers are likely to degrade slowly in the environment, including degradation by physical
action or upon exposure to sunlight. Because of their high molecular weight and low water
solubility, these emulsion polymers would not be expected to accumulate in the food chain (low
bioconcentration potential). Based on data from similar emulsion polymers, the acute toxicity of
these material would be expected to be low to fish and other aquatic organisms )Rohm & Haas
Company, 2009).
1.10.4. Health Information
Eye contact – Direct eye contact with liquid emulsion can cause slight irritation.
Skin contact – Prolonged or repeated skin contact can cause slight irritation.
Inhalation – Inhalation of product vapor or mist can cause irritation of the nose, throat, and
lungs. Headache and nausea are also possible ( Rohm, 2009).

12

1.10.5. Chemical and Physical Properties of Styrene-acrylate (SA) copolymer
Table (1.5) Chemical and Physical Properties of SA copolymer (NA/13& NA/1, 1991).

Styrene-acrylate copolymer,

Commercial Name

styrene acrylic copolymer and Styrene acrylic
acid.
Chemical structure

λmax (nm)

291 nm

Chemical formula

(C10H10.C8H8.C7H1202)n
Milky with Bluish Emulsion

Physical Appearance

Molecular Weight (g/mol)

Poly( 2-propenoic acid, butyl ester,
diethenylbenzene, and ethenylbenzene) mer.
115000 g/mol

Styrene: Butyl acrylate: Benzene

(76.8: 22.9: 0.3)%

IUPAC Name

divinyl
Density
1.25 g/ml
Water solubility

< 10-3g/L
7-10%

% SA-polymer (dry mass)

stable, <2% degradation over 2 weeks
at 40°C and pH=1.2-9.0

Degree of hydrolysis at
pH=1-2 or pH=4-9 (25°C)

more than 99% (w/w)

Degree of purity
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1.11. Different methods for polymer degradation
In the early 1900s Electrocoagulation (EC) was introduced (Matteson et al., 1995). Efforts have
been made in recent years to develop various innovative technologies for wastewater treatment.
There are many processes for the treatment of wastewater See (table 1.6)
(table 1.6) Different methods for polymer degradation.

Methods

Reference

Methods

Reference

Electrochemical

(Muff et al., 2009).

Photodegradation

(Kanan & Marsha,
2002)

solar light

ultrasound wave

(Sharma et al., 2009).

(Matouqa et al., 2008),

electrochemical

(Assassi et al.,

and biological

2011),

Nanofiltration

(Cuartas-Uribe et
al., 2006).

microwave decomposition (Salvador et al., 2002),

Biodegradation

(Kang et al., 2006;
Saiyood et al.,
2010; Schrank et
al., 2005).

photocatalytic oxidation

(Tsai et al., 2009; Chiang

et al., 2004).
electrochemical oxidation (Brugnera et al., 2010;
Boscoletto , 1994;

Ozonation

(Garoma &
Matsumoto, 2009).

sonochemical

(Torres et al,

oxidation

2008).

Fenton and H2O2

(Schrank et al.,

/UV

2005; Schrank et

Murugananthan et al., 2008;
Cuia et al., 2009),
reverse osmosis membrane (Suthanthararajan et al,
2004; Hafez et al., 2002)

al., 2004).

1.12. Electrochemistry in water treatment
Electrocoagulation (EC) has gained recognition as a powerful water treatment technology (Holt
et al., 2005) to remove colloidal species from water. Electrochemical processes have been
proposed and they have received increasing attention in the last years.
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Oxide electrodes may be used in the electrochemical treatment of wastewaters containing high
concentrations of potentially polluting species and they can promote the oxidation of their
organic constituents (Costa et al., 2008; Szpyrkowicza et al., 2005) . Chemical methods
(coagulation/flocculation) (Zouboulis & Avranas, 2000; Bensadok et al., 2007) are the most
widely used processes in the treatment of wastewaters.
1.13. Comparison the electrochemical process with the traditional methods
1- The electrochemical processes are mediated by electron exchange with the electrode surface,
dismissing the need for the addition of other chemical agents
2- They may be used to treat liquid and solid waste by direct and indirect organic compound
oxidation.
3- The current and the potential are parameters that are easily acquired and controlled,
facilitating the automation of the treatment process (Costa et al., 2008).
1.14. Principle of chemical coagulation(CC) and electrocoagulation (EC)
1.14.1. Principle of CC
Coagulation is the process of decreasing or neutralizing the electric charge on suspended
particles, colloidal particles apart and keep them in suspension. The coagulation/flocculation
process neutralizes or reduces the negative charge on the particles.
This allows the van der Waals force of attraction to encourage initial aggregation of colloidal and
fine suspended materials to form microfloc. Flocculation is the process of bringing together the
microfloc particles to form large agglomerations by physically mixing or through the binding
action of flocculants such as long chain polymers. A classical coagulation/flocculation unit
process (Metcalf and Eddy, 1991).
1.14.1.1. Stages of removing polymers from water
1. Rapid or flash mixing: the suitable chemicals (coagulants/flocculants and if required pH
adjusters) are added to the wastewater stream which is stirred and intensively mixed at high
speed.
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2. Slow mixing (coagulation and flocculation) the wastewater is only moderately stirred in order
to form large flocs which are easily settled out.
3. Sedimentation: the floc formed during flocculation is allowed to settle out and is separated from
the effluent stream, as shown in fig. (1.1).
Numerous substances have been used as coagulant and flocculation aids including alum
[Al2(SO4)3/18H2O], ferric chloride [FeCl3/6H2O], ferric sulfate [Fe2(SO4)3], ferrous sulfate
[FeSO4 /7H2O] and lime [Ca(OH)2] (Metcalf and Eddy, 1991). Several of the problems with
chemical precipitation are that the volume of sludge is increased and the resulting sludge may
have poor settling and dewatering characteristics (Ebeling et al., 2003).

Fig. (1.1): The coagulation/flocculation unit process (Ebeling et al., 2003).

1.14.2. Definition and principle of electrocoagulation (EC)
Electrocoagulation is an electrochemical separation process that uses a direct current between
consists of pairs of metal sheets called electrodes. Metal electrodes immersed in water, iron or
aluminum electrodes generate in situ coagulant agents that destabilize pollutants

(Bernal-

Martinez et al., 2013).At the anode metal cations are released into the electrolyte (the water
under treatment) and at the cathode hydrogen gas is generated (Lee & Gagnon, 2014). The EC
process is an amalgamation of different processes including oxidation, coagulation, flocculation
and flotation of water (Emamjomeh & Sivakumar, 2009).
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(Equations (1) – (4)), As shown in Fig (1.2) when an electric charge is applied between the
anode and cathode metals (M) typically made of iron or aluminium (Chen, 2004; Mollah et al.,
2004):
Anode:
M(s)→ Mn+(aq) + ne−

(1)

2H2O(L) → 4H+(aq) + O2(g) + 4e−

(2)

Cathode:
Mn+(aq) + ne− → M(s)

(3)

2H2O(L) + 2e− → H2(g) + 2OH−

(4)

In the last years, there is great interest in the development of effective electrochemical treatments
(Brillas et al., 2003). It has been successfully employed for the removal of metals (Parga et al.,
2005), dyes (Khandegar & Saroha, 2013), oils (Yang, 2007; Kobya et al., 2008) and organics
(Chen et al., 2000) from wastewaters (Emamjomeh & Sivakumar., 2009).

Fig (1.2): Interaction occurring within an electrocoagulation reactor (Holt et al., 2002).
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1.14.3. Reaction Mechanism of EC
The process occurs in steps during electrocoagulation (Can et al., 2006).
1. Anode dissolution.
2. Formation of OH- ions and H2 at the cathode.
3. Electrolytic reactions at electrode surfaces.
4. Adsorption of coagulant on colloidal pollutants.
5. Removal by sedimentation or flotation.
It is possible to identify three basic sciences - electrochemistry, coagulation, and flotation - that
interact to make electrocoagulation work.
The fact that these sciences are difficult to investigate separately in an operational reactor goes
some way towards explaining the lack of a detailed technical literature on electrocoagulation.
These contributors can be conceptualized as a Venn diagram in which the combination of all
three sciences results in electrocoagulation, as opposed to the combination of various pairs of
sciences, which lead to other technologies.
The mechanism of EC is highly dependent on the chemistry of the aqueous medium especially
conductivity. In addition, other characteristics such as pH, particle size, and chemical constituent
concentrations will also influence the EC process. The mechanisms of removal of ions by EC
will be explained with two specific examples involving iron and aluminum since these two
metals have been extensively used to clarify wastewater (Siringi et al., 2012).
1.14.3.1. EC using iron electrode
Mechanism 1
Anode:
4Fe(s) → 4Fe2+(aq) + 8e−

(5)

4Fe2+(aq) + 10H2O(l) +O2(aq) → 4Fe(OH)3(s) + 8H+(aq)

18

(6)

Cathode:
8H+(aq) + 8e− → 4H2(g)

(7)

Overall:
4Fe(s) + 10H2O(l) + O2(aq) → 4Fe(OH)3(s) + 4H2(g)

(8)

Mechanism 2:
Anode:
Fe(s) → Fe2+(aq) + 2e−

(9)

Fe2+(aq) + 2OH−(aq) → Fe(OH)2(s)

(10)

Cathode :
2H2O(l) + 2e− → H2(g) + 2OH−(aq)

(11)

Overall:
Fe(s) + 2H2O(l) → Fe(OH)2(s) + H2(g)

(12)

When chloride is present and the anode potential is sufficiently high, the following reaction may
take place in the cell (Gau et al., 2010):
Oxidation
2Cl− → Cl2 + 2e−

(13)

Cl2(g) + H2O → HOCl + H+ +Cl−

(14)

Fe(OH)2 + HOCl → Fe(OH)3(s) + Cl−

(15)

Fe2+ → Fe3+ + 2e−

(16)

Fe3+ + 3H2O → Fe(OH)3 + 3H+

(17)

The formation of active chlorine species (Cl2,HClO, OCl-) enhances the performance of the EC
reactor through oxidation reaction.
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The Fe(OH)n(s) formed remains in the aqueous stream as a gelatinous suspension which can
remove the waste matter from wastewater either by complexation or by electrostatic attraction
followed by coagulation. Ferric ions electro generated may form monomeric ions, ferric hydroxo
complexes with hydroxide ions and polymeric species, namely Fe(H2O)63+, Fe(H2O)5OH2+,
[Fe(H2O)4(OH)2]+, [Fe2(H2O)8(OH)2]4+, [Fe2(H2O)6(OH)4]2+ and [Fe(OH)4]− depending on the
pH range (Kim et al., 2002). The complexes (i.e. hydrolysis products) have a pronounced
tendency to polymerize at pH 3.5–7.0 (Mollah et al., 2004; Mollah et al., 2001; Chen, 2004; Larue
et al., 2003; Inan et al., 2004).
1.14.3.2 EC using aluminum electrodes
The electrochemical reaction with Al anode can be summarized as follows :
Anode:
Al(s) → Al3+(aq) + 3e−

(18)

Cathode:
3H2O(l) + 3e− → 3/2H2 + 3OH−

(19)

Overall:
Al(s) + 3H2O(l) → Al(OH)3(s)

(20)

For the aluminum electrodes Al3+(aq) ions will immediately undergo further spontaneous
reaction to generate corresponding hydroxides and polyhydroxides. Due to hydrolysis of Al3+,
[Al(H2O)6]3+, [Al(H2O)5OH]2+ and [Al(H2O)(OH)]2+ generated. The hydrolysis products
produced many monomeric and polymeric substance such as, Al(OH)2+, Al2(OH)24+, Al(OH)74-,
Al6(OH)153+, Al7(OH)174+, Al8(OH)204+, Al13O4(OH)247+ and Al13(OH)345+ (Johnson &
Amirtharajah, 1983).
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1.14.4. Advantages and Disadvantages of EC (Siringi et al., 2012)
1.14.4.1. Advantages of EC
1. Wastewater treated by EC gives palatable, clear, colorless and odorless water.
2. The gas bubbles produced during electrolysis can carry the pollutant to the top of the solution
where it can be more easily concentrated, collected and removed.
3. Sludge formed by EC tends to be readily settable and easy to de-water because it is composed
of mainly metallic oxides/hydroxides. Above all it is a low sludge producing technique.
4. The EC process avoids uses of chemicals and so there is no problem of neutralizing excess
chemicals and no possibility of secondary pollution caused by chemical substances added at high
concentration as when chemical coagulation of wastewater is used.
5. The EC technique can be conveniently used in rural areas where electricity is not available
since a solar panel attached to the unit may be sufficient to carry out the process.
6. EC produces effluent with less total dissolved solids (TDS) content as compared with chemical
treatments.
7. EC requires simple equipment and is easy to operate with sufficient operational latitude to
handle most problems encountered on running.
8. The electrolytic processes in the EC cell are controlled electrically with no moving parts thus
requiring less maintenance.
9. The EC process has the advantage of removing the smallest colloidal particles because the
applied electric field sets them in faster motion thereby facilitating the coagulation.
10. Flocs formed by EC are similar to chemical floc except that EC floc tends to be much larger,
contains less bound water, acid-resistant and therefore can be separated faster by filtration.
1.14.4.2. Disadvantages of EC
1. High conductivity of the wastewater suspension is required.
2. The ‘sacrificial electrodes’ are dissolved into wastewater streams as a result of oxidation
and need to be regularly replaced.
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3. Gelatinous hydroxide may tend to solubilize in some cases.
4. An impermeable oxide film may be formed on the cathode leading to loss of efficiency of
the EC unit.
1.14.5. Comparison between EC and CC
Table (1.7) Comparison between EC and CC (Comninellis &Chen, 2010).

Difference

Electrocoagulation (EC)

Chemical coagulation (CC)

Chemicals

Avoided in EC process.

Present.

Operating

Equipment simple and is easy to

High operating problems.

be operated.
Temperature and turbidity

metal salts

Treating the water with low

Difficulty in achieving a

temperature and low turbidity.

satisfying result.

The decomposition of mineral

The hydrolysis of the metal

salts does not lead to Low pH.

salts will lead to a pH decrease
and it is always needed to
modulate the effluent pH.

Way of metal ions are added

The metallic cation is supplied

The reagents (FeCl3, Al2(SO4)3,

by an electricity stream generated

etc) are directly added (Riera-

by the oxidation of the metallic

Torres et al., 2010).

electrode, producing the
corresponding metal ions.
(Emamjomeh and Sivakumar,
2009).
Sludge production

Low

High

Flocs

Large

Small

PH

The pH neutralization effect made Highly sensitive to pH change
it effective in a much wide pH

and effective coagulation is

range (4–9).

achieved at pH 6–7.

1.15. Isotherm modeling
1.15.1. Freundlich Adsorption Isotherm: This is commonly used to describe the adsorption
characteristics for the heterogeneous surface (Hutson & Yang, 2000). These data often fit the
empirical equation proposed by Freundlich:
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qe = KfCe1/n

(21)

Where Kf = Freundlich isotherm constant (mg/g)
n = adsorption intensity

Ce = the equilibrium concentration of adsorbate (mg/L)
qe = the amount of metal adsorbed per gram of the adsorbent at equilibrium (mg/g). Linearizing
equation 24,we have:
Log qe = LogKf + 1/n Log Ce

(22)

The constant Kf is an approximate indicator of adsorption capacity, while 1/n is a function of the
strength of adsorption in the adsorption process (Voudrias et al., 2002).
1.15.2. Langmuir Adsorption Isotherm: This describes quantitatively the formation of a
monolayeradsorbate on the outer surface of the adsorbent, and after that no further adsorption
takes place. Thereby, theLangmuir represents the equilibrium distribution of metal ions between
the solid and liquid phases (Vermeulan et al., 1966). The Langmuir isotherm is valid for
monolayer adsorption onto a surface containing a finite number of identical sites.The model
assumes uniform energies of adsorption onto the surface and no transmigration of adsorbate in
theplane of the surface. Based upon these assumptions, Langmuir represented the following
equation:
1/qe = 1/qm + 1/(qmKLCe)

(23)

Where:
Ce = the equilibrium concentration of adsorbate (mg/L)
qe = the amount of metal adsorbed per gram of the adsorbent at equilibrium (mg/g).
qm = maximum monolayer coverage capacity (mg/g)
KL = Langmuir isotherm constant (L/mg).
The values of qmax and KLwere computed from the slope and intercept of the Langmuir plot of
1/qe versus 1/Ce (Langmuir, 1918). The essential features of the Langmuir isotherm may be
expressed in terms of equilibrium parameter RL, which is a dimensionless constant referred to as
separation factor or equilibrium parameter (Webber & Chakravarti, 1974).
RL = 1/(1+(KL+Co))

(24)
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Where:
Co = initial concentration
KL = the constant related to the energy of adsorption (Langmuir Constant). RL value indicates the
adsorption nature to be either unfavourable if RL>1, linear if RL =1, favourable if 0< RL<1 and
irreversible if RL =0.

Aim of the study
Overall objective
The aim of this work is to investigate the treatment efficiency of the electrocoagulation process for
removal polymers from aqueous solutions using three electrodes.

Specific objectives



Determination the effects of various operating parameters on the polymer and chemical

oxygen demand (COD) removal efficiency such as current density, initial pH, type concentration
of electrolyte, , initial polymer concentration, inter-electrode distance and Temperature.


Study the effectiveness of electrocoagulation process for removal efficiency of styrene

butadiene rubber (SBR) and styrene acrylate (SA) in aqueous solutions using different electrodes.



Study the rate and order of reaction for polymer removal.



Study the isotherm modeling.



Study the application of the polymers by using treatment process in Real Samples paint.

Significance of the study


The electrocoagulation technique can be considered as the learning purpose to the student

researcher and industry.


The study will be done to choose the best electrode used for removal maximum polymer

from aqueous solutions and to determine the optimal condition for this removal

24

2. LITERATURE REVIEW

2.1. Previous studies of degradation ( styrene butadiene rubber and styrene acrylate) by
different methods
2.1.1 Styrene butadiene rubber (SBR)
(Zhang et al., 2012) used Fenton reagent method to treat wastewater from styrene-butadiene
rubber (SBR) production, and effects of the amount of H2O2 and FeSO4, initial pH value,
reaction time and temperature on the removal rate of chemical oxygen demand(COD) were
investigated. The results showed that the optimal operating conditions were as follows: H2O2 8
mL (based on 1 L wastewater), FeSO4 1.0 g/L, initial pH value 3-10, reaction time 30 min and
reaction temperature 40 ℃, under above conditions the removal rate of COD was over 55%.

(Qing et al., 2006) treated styrene butadiene rubber (SBR) production wastewater by the
coagulation-catalytic oxidation process with PAC and PAM as coagulants and H2O2-O3 as
oxidants. The effects of different coagulants and their dosage and the wastewater pH on
coagulation, and the effects of different oxidants and their dosage, reaction time and wastewater
pH on COD removal rate were investigated. The optimum conditions according to the
experimental results are as follows: For coagulation, wastewater pH is 7, the dosage of PAC is
400mg/L and that of PAM is 4mg/L; For coagulation, wastewater pH is 7-8, the dosage of H2O2
is 200mg/L and the mass ratio of H2O2 to O3 is 0.5. After treatment, the wastewater COD is
reduced from 860mg/L to 145mg/L with 83.1% of COD removal rate. The effluent quality can
meet the second grade of national discharge standards.

(Lin et al., 2013) treated styrene-butadiene rubber (SBR) wastewater from a petrochemical
company by Fenton 's reagent-coagulation sedimentation process in a pilot unit for three months.
The results showed that the chemical oxygen demand(COD), biochemical oxygen demand(BOD)
and suspended substance(SS) were less than 350,150,50 mg/L respectively, and pH value was 69 of effluent of SBR wastewater after treated by Fenton's reagent coagulation sedimentation
process, under the COD, BOD, SS of the influent of SBR wastewater were 600-1100,140-250,0400 mg/L respectively, and pH value was 4-11. BOD /COD value range from 15% -28% to 33%
- 45% the biodegradability of the effluent was improved significantly.
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(Arantes et al., 2009) checked photodegradable styrene–butadiene rubber SBR/TiO2
nanocomposites by a colloidal route through the simple mixing of a commercial polymer latex
and synthetic anatase nanoparticles. Stable colloids of pure anatase TiO2 nanoparticles with an
average diameter of 7 nm were prepared by a solvothermal route from the hydrolysis of titanium
alkoxide by hydrogen peroxide in the presence of oleic acid. The photocatalytic degradation of
the SBR–TiO2 nanocomposites was carried out in ambient air at room temperature under a UV
lamp and was monitored by Fourier transform infrared and UV–visible spectroscopies and
differential scanning calorimetry. The results show that the SBR–TiO2 nanocomposites were
photocatalytically degraded under UV light, which indicate that the butadiene chains in the
nanocomposite were oxidized during UV irradiation. Thermal analysis measurements indicated
that crosslinking reactions occurred. The presence of anatase TiO2 nanoparticles was found to
accelerate the photocatalytic process, and the degradation mechanism was similar to that of the
pure SBR polymer.

(Lanhua, 2005) treated styrene-butadiene rubber production wastewater by catalytic oxidation.
Monobasic or binary supported catalyst were prepare by dipping process with activated charcoal
or γ-Al2O3 as carriers. Then the wastewater produced in process of emulsion polymerized
styrene-butadiene rubber were treated with H2O2 as oxidant. The effect of the active components
of the catalyst on to the treatment of wastewater were investigated. The results showed that using
monobasic or binary catalysts, with γ-Al2O3 as carrier, the factor of COD was about 20% ,and
using the catalysts with activated charcoal as carrier, it reached 35. 6% and 37. 7% respectively.
(Seghar et al, 2015) devulcanized styrene butadiene rubber (SBR) using microwave irradiation.
In particular, effect of ionic liquid (IL), pyrrolidinium hydrogen sulfate [Pyrr][HSO4], on the
devulcanization performance was studied. It was observed that the evolution of the temperature
reached by rubber powder exposed to microwave irradiation for different energy values was
favored by the presence of ionic liquid [Pyrr][HSO4] significantly over the whole range of the
microwave energy values. Beyond the threshold point of 220 Wh/kg, the soluble fraction after
devulcanization sharply increased with increasing devulcanization microwave energy. For the
powder mixed with [Pyrr][HSO4], the increase was more significant. Furthermore, the crosslink
density was observed to decrease slowly with the microwave energy up to 220 Wh/kg, beyond
which the crosslink density decreased significantly for the rubber impregnated with IL. an
optimal devulcanization of rubbers for the ground rubber mixed with IL. For instance, for the
same microwave energy of 440 Wh/kg, apparent devulcanization in SBR-P reached ~50%,
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which was four times greater than dry SBR. the devulcanization process seemed to be efficient
above a temperature threshold of ~200°C for 24 h.

(Vernáez et al, 2015) developed the degradation kinetics of styrene butadiene rubber (SBR) in
solution in anaerobic conditions. Degradation reactions in the presence of cumene hydroperoxide
at different concentrations (0.20, 0.28, 0.32, 0.50, 0.60% in weight), temperatures (60, 75, 85,
100 and 120 °C) and aromatic solvent (10 and 20%) were performed. It was possible to calculate
the kinetic constants for thermal and thermo-oxidative degradation. Analysis of the results led to
the conclusion that random scission of polymer chains produced by macro-radicals formed by
hydrogen abstraction constituted the predominant SBR degradation mechanism. Adding
alkylbenzene as a transfer agent significantly reduced the degradation.
(Guo et al, 2014) investigated the thermal oxidation degradation of styrene butadiene rubber
(SBR) by in situ FTIR, 2D-FTIR, and programming heating DSC. The results of analyses
suggest that the degradation reaction is an autocatalytic process and mainly occurs on the
aliphatic part instead of benzene pendants. according to DSC results, the thermal oxidation of
SBR contains four steps. The first step is the generation of alkyl radicals and the accumulation of
hydroperoxide species. The second step is initial oxidation stage mainly producing conjugate
carbonyls. The third step is deep oxidation process generating diverse carbonyls. The fourth is
chain termination reaction, in which step the generation rates of anhydrides and peresters are the
fastest due to bi-radical termination of alkoxy radicals and the consumption of conjugate
carbonyl. Furthermore, crosslinking reactions occur during the whole thermal oxidation.

2.1.2. Styrene acrylate (SA)
( Saien et al., 2010) employed the ultrasonic irradiation (28 kHz, 50W) in pre-cavitations regime
to enhance the degradation rate of styrene-acrylic acid copolymer in aqueous media with nano
titania photocatalyst particles. A stainless steel cylindrical sono-photo reactor with capacity of
about 1.25 L, equipped with a UV lamp (250W) was used. The influence of operational
parameters, i.e. catalyst concentration, pH and temperature was studied and the role of active
species was also distinguished. For an initial substrate concentration of 30 mg L−1, under mild
applied conditions of 30 mg L−1 of photocatalyst, 25 ◦C and natural pH, a degradation and
mineralization conversion of 96% and 91%, respectively, was achieved using sono-assisted
photocatalysis process in about only 60 min.
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(Lim et al., 2008) developed suitable photocatalysts to be used in the mineralization of styrene.
In particular, two specific objectives are of interest: first, the development of photocatalysts
which are able to work under ultraviolet (UV) radiation and potentially visible/solar light
irradiation; secondly, the design of an efficient fluidized-bed photoreactor. Monomeric styrene,
an aromatic compound present in many industries involved in the processing of fiberglass
reinforced plastic products, is potentially carcinogenic. Based on current literature, studies on the
breakdown of styrene via photocatalysis are limited. Preliminary work done using titania-based
catalysts incorporated into a designed bench-scale UV photoreactor indicates that up to 80% of
styrene can be degraded to water and carbon dioxide, based on an effective concentration (C0) of
300 ppm.
2.2.Previous studied for removal of polymers by electrocoagulation
(Martins et al., 2006) investigated the degradation of nonylphenol polyethoxylate (9 ethylene
oxide unities, NP9EO) in aqueous solution and textile wastewater by electrocoagulation (iron
and aluminum electrodes) through the following variables: NP9EO concentration, applied
current, temperature and electrode material. The use of aluminum electrodes brought the most
significant effects. The best performance was achieved by experiments using 20 mg L−1 aqueous
NP9EO, 1.5 A and aluminum electrodes (around 95% removal in 30 min). The best experimental
conditions achieved using factorial design were applied to textile wastewater treatment. The
electrocoagulation using Al-electrodes allowed the NP9EO degradation and COD reduction of
95 and 50%, respectively, in only 15 min treatment.

(Wang et al., 2010) studied the feasibility of removing the chemical oxygen demand (COD)
from a solution containing polyvinyl alcohol (PVA) by electrocoagulation. Several parameters—
including the current density, supporting electrolyte, and temperature were evaluated in terms of
COD removal efficiency. The effects of these parameters on the electrical energy consumption
were also investigated. The optimum current density, supporting electrolyte concentration, and
temperature were found to be 5 mA/cm2, 0.012 N NaCl, and 298 K, respectively. The
experimental data were also tested against different adsorption isotherm models to describe the
electrocoagulation process; the COD adsorption studied here best fit the Freundlich adsorption
isotherm model. Thermodynamic parameters, including the Gibbs free energy, enthalpy, and
entropy, indicated that the adsorption of COD on metal hydroxides was feasible, spontaneous,
and endothermic in the temperature range of 288 K to 318 K.
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2.3. Previous studied for removal of paints by different methods
(Körbahti et al., 2007) developed and validated the electrochemical oxidation of water-based
paint wastewater batch-wise in the presence of NaCl electrolyte with carbon electrodes for the
first time in literature. The electrochemical treatment conditions were optimized using response
surface methodology where potential difference, reaction temperature and electrolyte
concentration were to be minimized while chemical oxygen demand (COD), color and turbidity
removal percents and initial COD removal rate were maximized at 100% pollution load. The
optimum conditions were satisfied at 35 g/L external electrolyte concentration, 30 °C reaction
temperature and 8 V potential difference (64.37 mA/cm2current density) realizing 51.8% COD
and complete color and turbidity removals, and 3010.74 mg/L h initial COD removal rate.
According to these results, the electrochemical method could be a strong alternative to
conventional physicochemical methods for the treatment of water-based paint wastewater.

(Akyol et al., 2012) explained treatability of paint manufacturing wastewater (PMW) by
electrocoagulation (EC) process. Effects of operating parameters for the EC process such as
electrode type (Al or Fe), initial pH (2–10), current density (5–80 A/m2) and operating time (0–
50 min) were evaluated for optimum operating conditions. The highest removal efficiencies for
COD and TOC in PMW were obtained with 93% and 88% for Fe and 94% and 89% for Al
electrodes at the optimum conditions (35 A/m2, 15min and pH 6.95). Operating costs for
removal of PMW at the optimum conditions were calculated for Fe and Al electrodes as 0.187
€/m3 and 0.129 €/m3. Toxicity test was carried out to obtain information about toxic effect of the
raw and treated wastewaters at optimum operating conditions. The samples measured by
respirometric method contained hardly toxicities. Performance of Al electrode was better than
that of Fe electrode in terms of removal efficiency and operating cost.

(Trovó et al., 2013) evaluated the use of Fenton reactions induced by solar radiation in the
treatment of effluent from a factory of paints for buildings, after prior removal of the suspended
solids. The increase of H2O2 concentration from 100 to 2500mg L−1 for a [Fe2+] = 105mgL−1
contributed to the reduction of DOC, COD, and toxicity. Our best results were achieved using
1600mg L−1 H2O2, with 90% of DOC and COD removal. Additionally, through increasing Fe2+
concentration from15 to 45mg L−1, the DOC removal rate increased 11 times, remaining almost
constant in the range above 45 until 105mg L−1. Under our best experimental conditions, 80% of
DOC removal was achieved after an accumulated dose of 130 kJm−2 of UVA radiation (82±17
min of solar irradiation under an average UVA irradiance of 34.1±7.3Wm−2), while 40% of DOC
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removal was reached after 150 min under only thermal Fenton reactions. The results suggest the
effectiveness of implementation of solar photo-Fenton process in the decontamination and
detoxification of effluents from factories of paints for buildings.
2.4 Previous studies of other polymers degradation by different methods.
(lai et al., 2012) investigated pretreatment of acrylonitrile–butadiene–styrene (ABS) resin
wastewater by microelectrolysis system to improve the biodegradability of the toxic aromatic
compounds and organic nitriles. Two experiment systems, (a) control experiment of Fe and
carbon and (b) microelectrolysis reactor. The experimental results showed that the maximum
COD removal efficiency was in the range of 50–55%, and the BOD/COD ratio was enhanced
from 0.32 to 0.71 under the best condition of the influent pH 4 and Fe/C ration of 1:1 (v/v). The
decomposition and transformation of the aromatic compounds and organic nitriles in ABS resin
wastewater was monitored by UV–vis, fourier transform infrared spectroscopy (FTIR) and gas
chromatography mass spectrometry (GC–MS).

(NosoudI et al.,2014) investigated the photocatalytic degradation of carbon-coated TiO2
nanoparticles in polypropylene-based nano-composites. For this purpose, polypropylene- based
nano-composites were prepared using carbon-coated TiO2 nanoparticles and commercially
available TiO2 nanoparticles (Degussa, P25). The results from SEM, FTIR, and tensile tests
showed that the photocatalytic property of TiO2 causes chain scission reactions, crosslinking and
consequently photocatalytic degradation of polypropylene that affects the mechanical properties
of exposed nano‑ composites. It was observed that with greater carbon content of the TiO2 nanopowders, there is less photocatalytic degradation.

(Liwei

et al., 2011) checked

the wastewater from the condensing and drying section of

acrylonitrile-butadiene-styrene (ABS) resin manufacturing was pretreated by Electro-Fenton, and
the decomposition and transformation of the toxic and refractory typic pollutants was studied
seriously. The results show that the COD removal efficiency was the highest of 45.62% with the
iron concentration of 0.6 mmol/L. And a plenty of aromatic pollutants in the ABS resin
wastewater were decomposed or transformed efficiently by Elentro-Feton.

(Yang et al., 2004) described the removal of the organic polymer poly(ethylene glycol) (PEG)
from silica monoliths exhibiting a hierarchical, bimodal porosity is described. The method is
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based

on

post-synthesis

treatment

with sulfuric

acid and

does

not

necessarily

require calcination of the monoliths. Furthermore, it can be applied to remove PEG from onepot-synthesized monoliths bearing organic functional groups that would not withstand hightemperature treatments but could survive in acidic conditions. The sulfuric acid treatment also
results in less shrinkage than does calcination, which is related to an increase in the degree of
silica condensation during the treatment. This could allow the removal of organic polymers to be
carried out in the final monolith carrier, and hence reduce the number of steps needed for the
fabrication of silica monoliths as HPLC columns, catalyst supports, etc.

(Santos et al., 2011) studied the photo-oxidation of Poly ethylene glycol (PEG) in a photoFenton system and the results compared with the dark reaction. The products were analysed
using GPC and HPLC. In the absence of light, PEG samples needed 490 min to reduce their
w by 50%, whereas under UV irradiation, only 10 min were necessary. The exponential decay
of

w with a concomitant increase in poly dispersity and number of average chain scission,

characterized a random chain scission mechanism. The degradation products of PEG in both
systems showed the presence of lower molecular weight products, including smaller ethylene
glycols and formic acid. Irradiated samples decomposed faster than those kept in the dark. The
study proves that the foto-Fenton method associated with UV-light is a good reactant for PEG
photodegradation.
(Sato

et al., 1993) studied many of the hazardous chlorinated organic sites such as

perchloroethylene (PCE) and polychlorinated biphenyls (PCBs) using Fenton's method. The
efficacy of Fenton's reagent to decompose PCE and PCBs adsorbed on sand. Results have shown
that oxidation by Fenton's reagent can be an effective method to remediate PCE- and PCBscontaminated soils. Over 90% of PCE was decomposed in 2 h, and over 70% of PCBs were
degraded in 3 h. PCE followed the first-order decomposition kinetics with a constant value of
1.65/h, while the PCB degradation appeared to be zero-order with a constant value of 37.6 mg
PCB/kg sand/hr at pH 3. Possible byproducts during the oxidation reaction were also examined.
(Ghafoori et al., 2012) represented the advanced oxidation of aqueous polyethylene oxide
(PEO) using the UV/H2O2 process in a batch recirculation photoreactor. The model is validated
at different influential operating conditions using experimental data obtained by a recirculating
batch photoreactor. An excellent agreement between the model predictions and the experimental
data is confirmed for all experimental conditions. Also, the intrinsic rate constants are estimated
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using an optimization algorithm. The model provides a good insight into the free-radical-induced
degradation mechanisms and kinetics that could be considered for the process optimization.
(Hankett et al., 2014) developed a biologically sustainable and green method for removal of
toxic plasticizers such as poly(vinyl chloride) (PVC) from polymer systems after disposal is
highly desired since plasticizers can leach out into the environment over decades. The ion mass
spectrometry demonstrates that the degradation of DEHP after 8 h of reaction is similar with and
without the use of H2O2. However, FTIR results reveal that the introduction of H2O2 reduces
bulk DEHP degradation and leads to competing radical chain scission reactions with PVC.
Therefore, simple short wave UV exposure may be an effective means to degrade DEHP within
and on PVC plastic and the addition of H2O2 is only beneficial if additional degradation of PVC
is needed.
(Hamad et al., 2014) investigated the photo-oxidative degradation of aqueous polyvinyl alcohol
(PVA) solutions in a UV/H2O2 photochemical reactor and the effect of hydrogen peroxide
feeding strategies on the photoreactor performance. The total organic carbon (TOC) removal and
polymer molecular weights reduction are determined for different initial polymer and hydrogen
peroxide concentrations. By treating an aqueous solution containing 500mg/L of a 130kg/mol
PVA and H2O2/PVA mass ratio of 10, the results show that nearly 87% of TOC removal was
achieved when the photoreactor was operated for 2h in stepwise operation. Accordingly, the
number average molecular weight of the polymer is reduced to 10.9 kg/mol (91.6%). The
oxidation reaction without UV light, however, is much less effective and results in merely 43%
TOC removal and 21% reduction of polymer molecular weights.
(Santos

et al., 2009) evaluated the general mechanism for the photodegradation of poly

ethyleneglycol (PEG) by H2O2/UV of small model molecules, like low molecular weight
ethyleneglycols (tetra-, tri-, di-, and ethyleneglycol). After 30 min of irradiation the average
molar mass (Mw) of the degradated PEG, analysed by GPC, fall to half of its initial value, with a
concomitant increase in polydispersitivity and number of average chain scission (S),
characterizing a random chain scission process yielding oligomers and smaller size
ethyleneglycols. HPLC analysis of the photodegradation of the model ethyleneglycols proved
that the oxidation mechanism involved consecutive reactions, where the larger ethyleneglycols
gave rise, successively, to smaller ones. The photodegradation of ethyleneglycol lead to the
formation of low molecular weight carboxylic acids, like glycolic, oxalic and formic acids.
(Neira et al., 2007) found the degradation of polyacrylic acid (PAA) in an aqueous medium
with Fenton's reagent. At long reaction times, 17 hours at 60°C, acrylic acid polymer suffer
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decarboxylation with Fenton's reagent. At the end of the degradation process, the polymeric
product has physically changed, becoming an amorphous smooth material. It has lost the initial
crystallinity. The DSC data indicates polymer degradation with weight loss of volatile products
as a consequence of the decarboxylation. At the same time, PAA with Fenton's reagent at 5 and
17 hours, presents an exoterm at 418 °C and 416 °C, respectively. This indicates volatile
products degradation and macrostructure loose of the polymer.

(Yousif et al., 2013) displayed the exposure of polystyrene (PS) to ultraviolet (UV) radiation.
UV radiation causes photooxidative degradation which results in breaking of the polymer chains,
produces free radical and reduces the molecular weight, causing deterioration of mechanical
properties and leading to useless materials, after an unpredictable time. When polystyrene is
subjected to UV irradiation in the presence of air, it undergoes a rapid yellowing and a gradual
embrittlement. The mechanism of PS photolysis in the solid state (film) depends on the mobility
of free radicals in the polymer matrix and their bimolecular recombination. Free hydrogen
radicals diffuse very easily through the polymer matrix and combine in pairs or abstract
hydrogen atoms from polymer molecule. Phenyl radical has limited mobility. They may abstract
hydrogen from the near surrounding or combine with a polymer radical or with hydrogen
radicals.
.
2.5 Other Previous studied for wastewater treatment by EC
(Galwa et al, 2016) Explained the efficiency of electrocoagulation treatment process using iron
and aluminum electrodes to treat synthetic wastewater containing Reactive Red 24 (RR 24) was
studied. The effects of parameters such as current density, pH, type of electrolyte, initial dye
concentration, electrolyte concentration, temperature, and inter electrode distance on dye
removal efficiency were investigated. The results showed that dye and chemical oxygen demand
removals were 99.6% and 91.5% by using iron and were 97.9% and 83.8%, by using aluminum
electrodes. The removal of dye exhibited pseudo first order with good correlation coefficients
(0.955 and 0.990 for Fe and Al electrodes respectively. It can be concluded that
electrocoagulation process by Iron electrode is very efficient and clean process for reactive dye
removal from colored wastewater.
(Amooey et al., 2014 ) improved the removal of Diazinon by EC on aluminum electrode. The
effect of several parameters such as initial concentration of Diazinon, current density, solution
conductivity, effect of pH, and electrolysis time were investigated on EC performance. The
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obtained results showed that the removal efficiency of EC depends on the current density, initial
concentration of Diazinon and electrolysis time. The optimum pH was 3 and also the solution
conductivity has no significant effect on removal efficiency.

(Babu et al., 2011) used three different electrochemical techniques namely, electrooxidation,
electrocoagulation and electro-Fenton of pesticide effluent (contains methyl parathion, atrazine
and triazophos) were chosen for this study. Experiments were carried out at different pH to
determine the optimum pH condition. Chemical oxygen demand (COD) of the effluent reduced
at the end of 6 h from 1810 to 431 mg L-1 (pH 6) by electrooxidation, to 210 mg L-1 (pH 10) by
electrocoagulation and to 341 mg L-1 (pH 8) by electro-Fenton. The results revealed that a high
COD reduction was observed by electrocoagulation at pH 10 (88%), followed by electro-Fenton
at pH 8 (81%) and electrooxidation at pH 6 (76%) at a constant current density of 5 A dm-2.
Further, we have also determined current efficiency, energy consumption and the cost of
degradation.

(Sengil et al., 2009) checked the removal of COD, suphide and oil–grease from tannery liming
drum wastewater using direct current (DC) electrocoagulation (EC). The COD, sulphide and oil–
grease in the aqueous phase were effectively removed when mild steel electrodes were used as
sacrificial anode.The optimum operating range for each operating variable was experimentally
determined. The experimental results show that COD, sulphide and oil–grease was removed
effectively. The overall COD, sulphide and oil–grease removal efficiencies reached 82%, 90%
and 96% respectively.

(Staicu et al., 2014) represented the effect of colloidal elemental selenium (Se(0)) for
membrane separation processes and aquatic ecosystems. As a solution to this problem, we
investigated for the first time the removal potential of Se(0) by electrocoagulation process. iron
(Fe) and aluminum (Al) sacrificial electrodes were used in a batch reactor under galvanostatic
conditions. The best Se(0) turbidity removal (97 %) was achieved using iron electrodes at 200
mA. Aluminum electrodes removed 96 % of colloidal Se(0) only at a higher current intensity
(300 mA). At the best Se(0) removal efficiency, electrocoagulation using Fe electrode removed
93% of the Se concentration,
whereas with Al electrodes the Se removal efficiency reached only 54%. Overall, the results
obtained showed that the use of Fe electrodes as soluble anode in electrocoagulation constitutes a
better option than Al electrodes for the electrochemical sedimentation of colloidal Se(0).
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(Esmaeilirad et al., 2015) studied the influence of chemical softening on EC. In the softening
process, pH was raised to 9.5 and 10.2 before and after EC, respectively. Softening, when
practiced before EC was more effective for removing turbidity with samples from wells older
than one month (99% versus 88%). However, neither method was successful in treating samples
collected from early flow back (1-day and 2-day samples), likely due to the high concentration of
organic matter. For total organic carbon, hardness, Ba, Sr, and B removal, application of
softening before EC appeared to be the most efficient approach, likely due to the formation of
solids before the coagulation process.

(Gatsios et al., 2015) evaluated the efficiency of electrocoagulation ( EC) in removing toxic
metals from a real industrial wastewater, Manganese (Mn), copper (Cu) and zinc (Zn). The
results indicated that Cu and Zn were totally removed in all experiments, while Mn exhibited
equally high removal percentages (approximately 90% ).

Decreasing the initial pH and

increasing the distance between electrodes, resulted in a negative effect on the efficiency and
energy consumption of the process. On the other hand, increasing the applied current, favored
metal removal but resulted in a power consumption increase. maximum removal percentages
obtained were 89% for Mn, 100% for Cu and 100% for Zn, at an energy consumption of 2.5 5
kWh/m3.

(Chen et al., 2000) studied The characteristics of restaurant wastewater. High oil and grease
contents were detected. Electrocoagulation was used to treat this type of wastewater. Different
electrode materials and operational conditions were examined. Aluminum was preferred to iron.
Charge loading was found to be the only variable that affected the treatment efficiency
significantly. The optimum charge loading and current density were 1.67–9.95 F/m3 wastewater
and 30–80 A/m2 depending on the wastewater tested. The removal efficiency of oil and grease
exceeded 94% for all wastewaters tested. The experimental results also show that the
electrocoagulation can neutralize wastewater pH. Several mechanisms associated with pH
variation are proposed.

(Dehghani et al., 2014) determined the removal efficiency of chemical oxygen demand (COD)
from educational hospital waste-water using electrocoagulation process by using iron and
aluminum electrodes. A laboratory-scale batch reactor was conducted to determine the removal
efficiency by the electrocoagulation method. Fifty-five samples of Shahid Mohammadi Hospital
waste-water in Bandar Abbas were collected for the periods of 6 months according to standard
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methods. The removal of COD from the waste-water was determined at pH 3, 7, and 11 in the
voltage range of 10, 20, and 30 V at the operation time of 30, 45, and 60 min. Data were
analyzed in SPSS (version 16) using Pearson’s correlation coefficient to analyze the relationship
between these parameters. The removal efficiency is increased by 6.2% with decreasing pH from
11 to 3 at the optimal condition of 30 V and 60 min operation time. By increasing the reaction
time from 30 min to 60 min at voltages (10, 20, and 30 V), the removal efficiency was increased
from 32.3% to 87.1%. The maximum COD removal efficiency was observed at pH 3 and voltage
of 30 V and 60 min reaction time using four iron electrodes. Pearson correlation analysis showed
a significant relationship between voltage and the reaction time with the removal efficiencies (P
< 0.01). Due to the high efficiency of the electrocoagulation process and also the simplicity and
relatively low-cost, it can be used for removing COD from hospital waste-water.
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3. EXPERIMENTAL
3.1 Materials
Two representative polymers were selected for the synthetic polymers aqueous solutions Where
the manufacturer of the emulsion polymers styrene butadiene rubber and styrene acrylate (Sizer
co. for paint production) were purchased from (Gaza Strip-Gaza city) commercial.
Sodium chloride (NaCl), potassium chloride (KCl), sodium sulfate (Na2SO4), sodium carbonate
(Na2CO3 ), sodium fluoride (NaF), sodium hydroxide (NaOH) and sulfuric acid (H2SO4), were of
analytical grade and purchased from Merck. Distilled water was used for the preparation of
solutions. Standard solutions of potassium dichromate (K2Cr2O7), sulfuric acid (H2SO4) reagent
with Mercury sulfate (HgSO4), silver sulfate (Ag2SO4) and sulfuric acid reagent were prepared to
measure the COD. Electrodes design is one of the most important factors that affect the
electrocoagulation process. Electrode design affects the release of coagulants in the solution and
the bubble type. There by influencing pollutant flotation, mixing and mass transfer. In this study
iron aluminum and stainless steel (304 L grade) electrodes were used as anode and cathode
respectively.
3.2. Equipment's and procedures
Stock solutions of polymer 500 mg/L for styrene butadiene rubber and styrene acrylic acid were
prepared by dissolving an accurate quantity of the polymer in distilled water and suitably diluted
to the required initial concentrations. The amount of polymers required to prepare the stock
solution was calculated using the following equation:
M1 × V1 = M2 × V2

(25)

the electrocoagulation unit consists of an 100 ml electrochemical reactor with an effective
surface area of 4 cm2. The electrodes were 2 cm × 1 cm. The electrode were positioned vertically
and parallel to each other using iron or aluminum or stainless steel electrode as anode or cathode.
The anode is connected to the positive pole and the cathode to the negative pole of the direct
current power supply. Synthetic polymers solutions ( with concentrations varying from 50 to 200
mg/L) were used.
Magnetic stirrer controller with a sufficient magnetic stirring (50-100 rpm) was used. At the
beginning of each run the polymer solution of the desired concentration was fed into the cell and
electrolytic (NaCl) was added to increase the solution conductivity.
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Each run was timed starting with the DC power supply switching on. Following each run, the
electrodes were put in HCl (5% V/V) and rinsed with tap water then distilled water and dried
until they are used again. Fig. (3.1) and (3.2) represent Schematic and photographic pictures for
the experimental set up respectively used in this work. The equipment's used in EC treatment are
illustrated in Table (3.1) and Fig. (3.3). colour changes upon EC treatment and filtering were
common and provided a visible indication of Fe electrodes on SBR aqueous solution as shown in
Fig. (3.4).
Polymers concentrations were determined spectrophotometrically by measuring the absorbance
of the remaining polymers at maximum wavelength after the filtration of the samples. The
measuring of COD removal efficiencies according to a closed reflux colorimetric method include
preparation of sulfuric acid reagent (6.5 g Ag2SO4/1000mL H2SO4) and digestion solution
(10.216 g K2Cr2O7, 167 mL H2SO4, 33.3 g HgSO4) then dilute to 1000 mL.Place the closed test
tube that contain (2.5 mL sample treatment, 1.5mL digestion solution and 3.5mL sulfuric acid
reagent), in a reactor two hours at 150 oC, cooling at room temperature and place in the
centrifuge about 30 min. Then concentrations were determined spectrophotometrically by
measuring the absorbance at 600 nm.

Fig. (3.1) Bench-scale EC reactor with bipolar electrodes in parallel connection. (1) Electrocoagulation cell;
(2) Anode; (3) Cathode; (4) bipolar electrodes; (5) Magnetic stirrer controlled; (6) Magnetic stirrer bar; (7)
D.C. power supply.
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Fig. (3.2) Photographic picture for the experimental set up.

Table (3.1): Equipment's used in EC treatment.

Name

Model

Hot plate

(HB502), Bibby Sterilin Ltd, (U.K)

pH meter

AC28, TOA electronic Ltd., (Japan)

Water bath

SB-650, Tokyo Kikakkai CO. Ltd., (Japan)

Centrifuge

4000r/min., (China)

Filter paper

MN 615, (USA)

DC power supply

(DZ040019) EZ Digital CO. Ltd., (Korea)

Electronic Balance

I balance 2011, Selecta, (Spain)

UV-Vis spectrophotometer

UV 1601, Shimadzu, (Japan)

Chemical Oxygen Demand (COD)

C9800 Reactor in (Hungary_Europe)
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Fig. (3.3) picture of equipments used in electrocoagulation technique.
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Fig. (3.4) Visual appearances of SBR sample befor (left) and after (right) electrocoagulation treatment

3.3 Analysis
Two main parameter were measured to evaluate the electrochemical treatment efficiency, the
remaining pollutant concentration (mg/L) and the COD (mg O2/L). Remaining pollutants of
(SBR, styrene acrylate) polymer concentration were measured with the double-beam UV-Visible
spectrophotometer at λmax= 305 nm for SBR and (291 nm) for styrene acrylate, using
calibration curve with standard error ± 0.5%. The COD was determined using a closed reflux
colorimetric method at λmax = 600 nm ( Mohana et al., 2007). The equation used to calculate
the polymer removal efficiency in the treatment experiments was:
%E = [ (Ao – A ) / Ao ] ×100

(26)

Where Ao and A are absorbance values of polymer solutions before and after treatment
respectivily with respect to their λmax. The calculation of COD removal efficiency after EC
treatment was performed using the following formula ( Carneiro et al., 2003).
%CR = [ (Co– C) / Co ] ×100

(27)

Where Co and C are concentrations of polymer solutions before and after electrocoagulation.
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4. RESULTS
Electrocoagulation is a complex process that may be effected by different parameters such as
electrolysis time, current density, initial pH, type of supporting electrolyte, electrolyte
concentration, initial polymer concentration and temperature.
In this chapter, the results of the experiments are given below:
4.1 Styrene Butadiene Rubber copolymer (SBR)
4.1.1 Effect of current density (mA/cm2)
the amount of current per area of the electrode defiened by current density (CD). It is an
important parameter in removal efficiencies (Feng et al., 2007). In all electrochemical processes,
current density is the most important parameter for controlling the reaction rate within the
electrochemical reactor (Mollah et al., 2001), affects the life-time of the electrodes during EC
process (Zaroual et al., 2006) and directly affecting electrocoagulation performance and
operating costs (Alaton et al., 2008). CD can be formulated as:
CD= I/S

(28)

Where CD is the current density (mA/cm2), I is the current (mA) and S is the total area of anode
(cm2) (Parsa et al., 2011).
As the current density decreased, the time needed to achieve similar efficiencies increased. If
current density increased and the % removal of contaminants also increased. The increasing of
current density always increase the cost of treatment, so it is necessary to select an optimum
value of current density for efficient treatment and minimum cost (Ajjam & Ghanim, 2012).
To examine the effect of current density on SBR and COD removal efficiency, a series of
experiments were carried out with the current density ranging from (10 - 50 mA/cm2) at a pH of
7.1, initial concentration of 200 mg/L, inter-electrode distance of 1 cm, NaCl concentration of
1.5 g/L and temperature of 30 oC. From Figs. (4.1) – (4.6) it can be indicated that the optimum
current densities were 25 mA/cm2 for Fe, S-S and Al electrodes. The removal efficiencies of
SBR were 99.2%, 99.4% and 98.9% while the COD removal efficiencies were 91.5%, 93.5%
and 90.2% using Fe, S-S and Al electrodes at 15 min respectively.
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Fig. (4.1) Effect of current density and EC time on the polymer removal efficiency of SBR using Fe electrodes.
Initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.2) Effect of current density on the COD removal efficiency SBR using Fe electrodes. EC time = 15 min,
initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.3) Effect of current density and EC time on the removal efficiency of SBR using S-S electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.4) Effect of current density on the COD removal efficiency of SBR using S-S electrodes. EC time = 15
min, initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm
and temperature 30 oC.
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Fig. (4.5) Effect of current density and EC time on the removal efficiency of SBR using Al electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.6) Effect of current density on the COD removal efficiency of SBR using Al electrodes. EC time = 15
min, initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm
and temperature 30 oC.
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4.1.2 Effect of initial pH
The effect of initial PH value on removal efficiency of the studied polymer has been
established in previous studies that initial pH has a considerable effect on the efficiency of the
electrocoagulation process for removal of organic pollutants (Lakshmi and Sivashanmugam,
2013). A series of experiments were carried out to evaluate effect of initial pH using solutions
containing a sample with an initial pH varying in the range ( 3-11 ) at initial concentration of
SBR 200 mg/L, inter-electrode distance of 1 cm, NaCl concentration of 1.5 g/L, at time 15 min,
temperature of 30 oC and current density of 25 mA/cm2 at Fe , S-S and Al electrodes. Figs. (4.7)
- (4.12) display that the removal efficiencies of the SBR and COD were low in acidic and basic
medium, meanwhile, in neutral the removal efficiencies were much higher using all working
electrodes.
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Fig. (4.7) Effect of initial pH and EC time on the removal efficiency of SBR using Fe electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, a current density = 25 mA/cm2, inter-electrode
distance = 1 cm and temperature 30 oC.
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Fig. (4.8) Effect of initial pH on the COD removal efficiency of SBR using Fe electrodes. EC time = 15 min,
initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, inter-electrode distance = 1 cm and temperature
30 oC.
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Fig. (4.9) Effect of initial pH and EC time on the removal efficiency of SBR using S-S electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, a current density = 25 mA/cm2, inter-electrode
distance = 1 cm and temperature 30 oC.
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Fig. (4.10) Effect of initial pH on the COD removal efficiency of SBR using S-S electrodes. EC time = 15 min,
initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, inter-electrode distance = 1 cm and temperature
30 oC.
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Fig. (4.11) Effect of initial pH and EC time on the removal efficiency of SBR using Al electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, a current density = 25 mA/cm2, inter-electrode distance
= 1 cm and temperature 30 oC.
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Fig. (4.12) Effect of initial pH on the COD removal efficiency of SBR using Al electrodes. EC time = 15 min,
initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, inter-electrode distance = 1 cm and
temperature 30 oC.

4.1.3 Effect type of electrolyte
Figs. (4.13)-(4.18) explain the effect of electrolyte types on the removal efficiencies of SBR
and COD at 15 min, pH of 7.1, at initial concentration of SBR 200 mg/L, inter-electrode distance
of 1 cm, temperature of 30 oC and current densities of 25 mA/cm2 using Fe, S-S and Al
electrodes. Electrolytes of 1.5 g/L of the following salts: NaCl, KCl, NaCO3, NaF and Na2SO4
were studies by three electrodes. According to Figs. The SBR and COD removal at NaCl, KCl,
NaF were the most effective conductive electrolytes for the EC while NaCO3, and Na2SO4
electrolytes show poor results.
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Fig. (4.13) Effect of type of electrolyte and EC time on the removal efficiency of SBR using Fe electrodes.
Initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2,
inter-electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.14) Effect of type of electrolyte on the COD removal efficiency of SBR using Fe electrodes. EC time =
15 min, initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, inter-electrode distance
= 1 cm and temperature 30 oC.
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Fig. (4.15) Effect of type of electrolyte and EC time on the removal efficiency of SBR using S-S electrodes.
Initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm 2,
inter-electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.16) Effect of type of electrolyte on the COD removal efficiency of SBR using S-S electrodes. EC time =
15 min, initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, inter-electrode distance
= 1 cm and temperature 30 oC.
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Fig. (4.17) Effect of type of electrolyte and EC time on the removal efficiency of SBR using Al electrodes.
Initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2,
inter-electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.18) Effect of type of electrolyte on the COD removal efficiency of SBR using Al electrodes. EC time =
15 min, initial concentration of the SBR = 200 mg/L, [electrolyte] = 1.5 g/L, pH = 7.1, inter-electrode distance
= 1 cm and temperature 30 oC.

4.1.4 Effect of electrolyte concentration (g/L)
It is important to investigate the effect of electrolyte concentration since actual wastewater
usually contains certain amount of salts (Zhou and He, 2007). The effect of NaCl concentration
on removal efficiencies of SBR and COD were investigated at time 15 min, initial concentration
of 200 mg/L, pH of 7.1, inter-electrode distance of 1 cm, temperature of 30 oC and current
densities of 25 mA/cm2 using Fe, S-S and Al electrodes. Figs. (4.19)-(4.24) show that the
maximum removal efficiencies of SBR and COD was obtained at 1.5 g/L NaCl concentration.
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Fig. (4.19) Effect of electrolyte concentration and EC time on the removal efficiency of SBR using Fe
electrodes. Initial concentration of the SBR = 200 mg/L, pH = 7.1, a current density = 25 mA/cm 2, interelectrode distance = 1 cm and temperature 30 oC.
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Fig. (4.20) Effect of type of electrolyte on the COD removal efficiency of SBR using Fe electrodes. EC time =
15 min, initial concentration of the SBR= 200 mg/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
0.5 g/L

1 g/L

1.5 g/L

2 g/L

2.5 g/L

Removal efficiency %

100
98
96
94
92
90
0

2

4

6

Time (min)

8

10

12

14

16

18

Fig. (4.21) Effect of electrolyte concentration and EC time on the removal efficiency of SBR using S-S
electrodes. Initial concentration of the SBR = 200 mg/L, pH = 7.1, a current density = 25 mA/cm2, interelectrode distance = 1 cm and temperature 30 oC.

50

COD Removal effeciency
%

100
95
90
85
80
75
70
65
60
0

0.5

1

1.5

2

2.5

NaCl concentraion g/L
Fig. (4.22) Effect of type of electrolyte on the COD removal efficiency of SBR using S-S electrodes. EC time =
15 min, initial concentration of the SBR = 200 mg/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.23) Effect of electrolyte concentration and EC time on the removal efficiency of SBR using Al
electrodes. Initial concentration of the SBR = 200 mg/L, pH = 7.1, a current density = 25 mA/cm2, inter-
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electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.24) Effect of type of electrolyte on the COD removal efficiency of SBR using Al electrodes. EC time =
15 min, initial concentration of the SBR = 200 mg/L, pH = 7.1, inter-electrode distance = 1 cm and
temperature 30 oC.
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4.1.5 Effect of initial SBR concentration (mg/L)
Effect of the initial concentration on removal efficiencies of SBR and COD by EC was
investigated in the range of 50 to 200 mg/L, at time 15 min, pH of 7.1, inter-electrode distance of
1 cm, NaCl concentration of 1.5 g/L, temperature of 30 oC and current densities of 25 mA/cm2
using Fe, S-S and Al electrodes. From Figs. (4.25)-(4.30) it may be seen that increasing initial
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SBR concentration results in increasing removal efficiency.
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Fig. (4.25) Effect of initial SBR concentration and EC time on the removal efficiency of SBR using Fe
electrodes. [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.26) Effect of initial SBR concentration on the COD removal efficiency of SBR using Fe electrodes.
[NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.27) Effect of initial SBR concentration and EC time on the removal efficiency of SBR using S-S
electrodes. [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.28) Effect of initial SBR concentration on the COD removal efficiency of SBR using S-S electrodes.
[NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and temperature 30 oC.
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Fig. (4.29) Effect of initial SBR concentration and EC time on the removal efficiency of SBR using Al
electrodes. [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 30 oC.
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Fig. (4.30) Effect of initial SBR concentration on the COD removal efficiency of SBR using Al electrodes.
[NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm and temperature 30 oC.

4.1.6 Effect of temperature (oC)
The effect of temperature on the removal of pollutants through EC process has been studied in
a few articles. Effect of temperature from 10 to 40 oC has been studied for the removal
efficiencies of SBR and COD as shown in Figs. (4.31)-(4.36) at time up to 15 min, initial
concentration of 200 mg/L, pH of 7.1, NaCl concentration of 1.5 g/L and current densities of 25
mA/cm2 using Fe, S-S and Al electrodes. The figures indicate that the SBR and COD removal
efficiencies decrease with increasing temperatures above 30 oC and less 20 oC. Therefore, 30 oC
was fixed as the optimal temperature under the same conditions mentioned.
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Fig. (4.31) Effect of temperature and EC time on the removal efficiency of SBR using Fe electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, interelectrode distance = 1 cm.
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Fig. (4.32) Effect of temperature on the COD removal efficiency of SBR using Fe electrodes. EC time = 15
min, initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm.
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Fig. (4.33) Effect of temperature and EC time on the removal efficiency of SBR using S-S electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, interelectrode distance = 1 cm.
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Fig. (4.34) Effect of temperature on the COD removal efficiency of SBR using S-S electrodes. EC time = 15
min, initial concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm.

55

10ºC

20ºC

30ºC

40ºC

100

Removal efficiency %

95
90
85
80
75
70
65
0

2

4

6

8

10

12

14

16

18

Time (min)

COD Removal effeciency %

Fig. (4.35) Effect of temperature and EC time on the removal efficiency of SBR using Al electrodes. Initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm2, interelectrode distance = 1 cm.
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Fig. (4.36) Effect of temperature on the COD removal efficiency of SBR using Al electrodes. EC time = 15
min, initial concentration of the SBR= 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, inter-electrode distance = 1 cm.

4.1.7 Kinetic studies of the SBR removal
Kinetics studies have important role in determining the rate constant and the order of reaction
of this treatment removal (Dash and Chaudhari, 2005). So, rate constant is very significant in the
process of wastewater treatment units. It is very essential to know the type of reaction rates in the
process. Rate of reaction describes the rates of change in concentration of reactant per unit time.
Figs. (4.37) -(4.39) represent the removal efficiencies of SBR which exhibit pseudo-first order
with good correlation coefficient 0.979, 0.992 and 0.946 using Fe, S-S and Al electrodes
according to following equation:
LnAt/Ao = -Kt

(29)
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Where Ao, At, t and K are the SBR absorbance at initial concentration, SBR absorbance at each
time, time of reaction (min) and reaction rate constant.The calculated k values from the Figs.
(4.58)-(4.60) are 0.191, 0.245 and 0.142 min-1 using Fe, S-S and Al electrodes.
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Fig. (4.37) Relation between LnAt against the time for SBR removal using Fe electrodes. initial concentration
of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm 2, inter-electrode distance =
1 cm, temperature = 30 oC.
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Fig. (4.38) Relation between LnAt against the time for SBR removal using S-S electrodes. initial
concentration of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm 2, interelectrode distance = 1 cm, temperature = 30 oC.
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Fig. (4.39) Relation between LnAt against the time for SBR removal using Al electrodes. initial concentration
of the SBR = 200 mg/L, [NaCl] = 1.5 g/L, pH = 7.1, a current density = 25 mA/cm 2, inter-electrode distance =
1 cm, temperature = 30 oC.
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4.1.8 Isotherm modeling
According to the equations (21-24).The contaminants are usually adsorbed at the surface of
the metal hydroxides generated during the electrocoagulation process. In order to explain the
mechanism of the adsorption process, it is important to establish the most appropriate correlation
for the equilibrium curves. In this study, two most commonly employed adsorption isotherms.,
Langmuir and Freundlich models were applied to establish the relationship between the amounts
of SBR adsorbed onto the iron hydroxides and its equilibrium concentration in the electrolyte
containing contaminant ions (Kamaraj et al., 2014). Figs. (4.40) and (4.41) represent the
Freundlich and Langmuir Isotherms studies of equilibrium.
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Fig .(4.40) Freundlich adsorption isotherm for the adsorption of SBR using S-S.
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Fig .(4.41) Langmuir adsorption isotherm for the adsorption of SBR using S-S.
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0.024
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4.2 styrene acrylate copolymer (SA)
4.2.1 Effect of current density (mA/cm2)
To investigate the effect of current density on the SA and COD removal efficiency, a series of
experiments were carried out at time 8 min, SA concentration of 200 mg/L, pH 7.3, interelectrode distance of 1 cm, NaCl concentration of 2 g/L and temperature of 20 oC using Fe, S-S
and Al electrodes. Figs (4.42)-(4.47) show the effect of current densities for SA and COD
removal efficiencies increased by increasing the current densities up to 99.2% and 95.9% for Fe
electrodes, 99.4% and 97.1% for S-S electrodes and 99% and 93.1%

for Al electrodes

respectively. It can be indicated that the optimum current densities were 25 mA/cm2 for all
studied electrodes.
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Fig. (4.42) Effect of current density and EC time on the polymer removal efficiency of

SA using Fe

COD Removal effeciency %

electrodes. Initial concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25
mA/cm2 , inter-electrode distance = 1 cm and temperature 20 oC.
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Fig. (4.43) Effect of current density on the COD removal efficiency
initial concentration of the
temperature 20 oC.

SA using Fe electrodes. EC time = 8 min,

SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and
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Fig. (4.44) Effect of current density and EC time on the removal efficiency of

SA using S-S electrodes. Initial

concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2 , interelectrode distance = 1 cm and temperature 20 oC.
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Fig. (4.45) Effect of current density on the COD removal efficiency of

SA using S-S electrodes. EC time = 8

min, initial concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and
temperature 20 oC.
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Fig. (4.46) Effect of current density and EC time on the removal efficiency of
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SA using Al electrodes. Initial

concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2 , interelectrode distance = 1 cm and temperature 20 oC.
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Fig. (4.47) Effect of current density on the COD removal efficiency of

SA using Al electrodes. EC time = 8

min, initial concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and
temperature 20 oC.

4.2.2 Effect of initial PH

It has been established in previous studies that initial pH has a considerable effect
on the efficiency of the electrocoagulation process ( Entezari et al., 2005; Merzouk et
al.,2009).

It will determine the ionic characteristic of the metal hydroxides and SA molecules

in solution and hence it will have a significant influence on the SA removal mechanism.
Experiments were carried out to evaluate the effect of pH, using solutions at initial pH varying in
the range (3-11), a current density of 25 mA/cm2, initial concentration of 200 mg/L, interelectrode distance of 1 cm, NaCl concentration 2 g/L, temperature of 20 oC, and time 8 min.
Figs. ( 4.48) - (4.53) show the SA and COD are high in neutral medium for all working
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Fig. (4.48) Effect of initial pH and EC time on the removal efficiency of
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SA using Fe electrodes. Initial

concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, a current density = 25 mA/cm2, inter-electrode distance
= 1 cm and temperature 20 oC.
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Fig. (4.49) Effect of initial pH on the COD removal efficiency of
initial concentration of the
20 oC.

SA using Fe electrodes. EC time = 8 min,

SA = 200 mg/L, [NaCl] = 2 g/L, inter-electrode distance = 1 cm and temperature
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Fig. (4.50) Effect of initial pH and EC time on the removal efficiency of
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SA using S-S electrodes. Initial
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concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, a current density = 25 mA/cm2, inter-electrode distance
= 1 cm and temperature 20 oC.
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Fig. (4.51) Effect of initial pH on the COD removal efficiency of
initial concentration of the
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SA = 200 mg/L, [NaCl] = 2 g/L, inter-electrode distance = 1 cm and temperature

62

Removal efficiency %

PH=3

PH=5

PH=7

PH=9

PH=11

100
98
96
94
92
90
88
86
0

2

4

6

8

Time (min)

Fig. (4.52) Effect of initial pH and EC time on the removal efficiency of
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SA using Al electrodes. Initial

concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, a current density = 25 mA/cm2, inter-electrode distance
= 1 cm and temperature 20 oC.
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Fig. (4.53) Effect of initial pH on the COD removal efficiency of
initial concentration of the
20 oC.

SA using Al electrodes. EC time = 8 min,

SA = 200 mg/L, [NaCl] = 2 g/L, inter-electrode distance = 1 cm and temperature

4.2.3 Effect type of electrolyte
Figs. (4.54) - (4.59) explain the effect of type of electrolyte on the SA and COD removal
efficiencies at time 8 min, at current density of 25 mA/cm2, pH of 7.3, inter-electrode distance of
1 cm and temperature of 20 oC. According to Figs. (4.54) – (4.59) the SA and COD removal
using NaCl electrolyte is better than other electrolytes (KCl, Na2CO3, NaF and Na2SO4).
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Fig. (4.54) Effect of type of electrolyte and EC time on the removal efficiency of
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Initial concentration of the SA = 200 mg/L, [electrolyte] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2,
inter-electrode distance = 1 cm and temperature 20 oC.
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Fig. (4.55) Effect of type of electrolyte on the COD removal efficiency of

SA using Fe electrodes. EC time =

60 min, initial concentration of the SA = 200 mg/L, [electrolyte] = 2 g/L, pH = 7.3, inter-electrode distance = 1
cm and temperature 20 oC.
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Fig. (4.56) Effect of type of electrolyte and EC time on the removal efficiency of
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SA using S-S electrodes.

Initial concentration of the SA = 200 mg/L, [electrolyte] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2,
inter-electrode distance = 1 cm and temperature 20 oC.
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Fig. (4.57) Effect of type of electrolyte on the COD removal efficiency of
min, initial concentration of the
cm and temperature 20 oC.

SA using S-S electrodes. EC time = 8
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Fig. (4.58) Effect of type of electrolyte and EC time on the removal efficiency of

SA using Al electrodes.

Initial concentration of the SA = 200 mg/L, [electrolyte] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2,
inter-electrode distance = 1 cm and temperature 20 oC.
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4.2.4 Effect of electrolyte concentration (g/L)
In general, NaCl was used to increase the conductivity of the solution and to facilitate the EC
process. The conductivity of the wastewater is adjusted to the desired values by adding NaCl
(Sengil and Ozacar, 2006). Figs. (4.60)-(4.65) represent the effect of electrolyte concentrations
on SA and COD removal efficiencies at time 8 min, initial concentration of 200 mg/L, current
density of 25 mA/cm2, inter-electrode distance of 1 cm, pH of 7.3 and temperature of 20 oC. The
figures show that the increasing the removal efficiencies with electrolyte concentration
increased. The results obtained from the above figures indicate that 2 g/L NaCl was the
maximum value for removal efficiencies.
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Fig. (4.60) Effect of electrolyte concentration and EC time on the removal efficiency of

SA using Fe
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electrodes. Initial concentration of the SA = 200 mg/L, pH = 7.3, a current density = 25 mA/cm2, interelectrode distance = 1 cm and temperature 20 oC.
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Fig. (4.61) Effect of type of electrolyte on the COD removal efficiency of
min, initial concentration of the
20 oC.

SA using Fe electrodes. EC time = 8

SA = 200 mg/L, pH = 7.3, inter-electrode distance = 1 cm and temperature
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Fig. (4.62) Effect of electrolyte concentration and EC time on the removal efficiency of
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Fig. (4.63) Effect of type of electrolyte on the COD removal efficiency of
min, initial concentration of the
20 oC.

SA = 200 mg/L, pH = 7.3, inter-electrode distance = 1 cm and temperature
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Fig. (4.64) Effect of electrolyte concentration and EC time on the removal efficiency of

SA using Al

electrodes. Initial concentration of the SA = 200 mg/L, pH = 7.3, a current density = 25 mA/cm2, interelectrode distance = 1 cm and temperature 20 oC.
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Fig. (4.65) Effect of type of electrolyte on the COD removal efficiency of
min, initial concentration of the
20 oC.

SA using Al electrodes. EC time = 8

SA = 200 mg/L, pH = 7.3, inter-electrode distance = 1 cm and temperature

4.2.5 Effect of initial styrene acrylate concentration (mg/L)
To observe the effect of initial SA concentration on SA and COD removal efficiencies by EC,
experiments were carried out for four different SA concentration from 50 to 200 mg/L for 8 min,
a current density of 25 mA/cm2, inter-electrode distance of 1 cm, pH of 7.3, NaCl concentration
2 g/L and temperature of 20 oC. Figs. (4.66) – (4.71) show the percentage removal efficiencies
of SA and COD for different initial SA concentration. The results indicate that by increasing
initial SA concentrations, the SA and COD removal efficiencies increased. For example SA
removal efficiency increases from 89.8% to 98.2% as SA concentration changes from 50 to 200
mg/L using Fe electrodes.
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Fig. (4.66) Effect of initial SA concentration and EC time on the removal efficiency of SA using Fe
electrodes. [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 20 oC.
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Fig. (4.67) Effect of initial SA concentration on the COD removal efficiency of SA using Fe electrodes. EC
time = 8 min, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and temperature 20 oC.
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Fig. (4.68) Effect of initial SA concentration and EC time on the removal efficiency of SA using S-S
electrodes. [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 20 oC.
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Fig. (4.69) Effect of initial SA concentration on the COD removal efficiency of SA using S-S electrodes. EC
time = 8 min, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and temperature 20 oC.
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Fig. (4.70) Effect of initial SA concentration and EC time on the removal efficiency of SA using Al
electrodes. [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode distance = 1 cm and
temperature 20 oC.
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Fig. (4.71) Effect of initial SA concentration on the COD removal efficiency of SA using Al electrodes. EC
time = 8 min, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm and temperature 20 oC.

4.2.6 Effect of temperature (oC)
Figs. (4.72)-(4.77) show the effect of temperature on SA and COD removal efficiencies at 8 min,
initial concentration of 200 mg/L, current density of 25 mA/cm2, inter-electrode distance of 1
cm, pH of 7.3 and at NaCl concentration of 2 g/L. The results from above figures indicate that
the increasing temperature above 30 oC has a negative effect on removal efficiencies of SA and
COD, where at 20 oC SA COD removal reached to (99.2% and 95.9%), (99.4% and 97.1%) and
(99% and 93.1%) using Fe, S-S and Al electrodes respectively.
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Fig. (4.73) Effect of temperature on the COD removal efficiency of

SA using Fe electrodes. EC time = 8 min,

initial concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm.
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concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode
distance = 1 cm.
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Fig. (4.75) Effect of temperature on the COD removal efficiency of

SA using S-S electrodes. EC time = 8 min,

Removal efficiency %
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Fig. (4.76) Effect of temperature and EC time on the removal efficiency of

SA using Al electrodes. Initial
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Fig. (4.77) Effect of temperature on the COD removal efficiency of

SA using Al electrodes. EC time = 8 min,

initial concentration of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, inter-electrode distance = 1 cm.
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4.2.7 Kinetic studies of the SA copolymer
Figs. (4.78) - (4.80) represent the SA removal using EC method of which exhibited pseudo-first
order with good correlation coefficient 0.932, 0.913 and 0.942 using Fe, S-S and Al electrodes
according to following equation
At/Ao
Where Ao, At, t and k are the SA absorbance at initial time reaction, SA absorbance after
reaction, time of reaction (min), and reaction rate constant (min-1) respectively. The straight lines
in plots show a good agreement of experimental data with the kinetic models for different
removal rate. The calculated k values from the Figs. (4.97)-(4.99) are 0.305,0.304 and 0.248 min1

using Fe,S-S and Al electrodes. As indicated from above figures, the efficiency removal rate of

SA increase according the order S-S ˃ Fe ˃ Al.
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Fig. (4.78) Relation between LnAt against the time for

SA removal using Fe electrodes. initial concentration

of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode distance = 1
cm, temperature = 20 oC.
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SA removal using S-S electrodes. initial concentration

of the SA = 200 mg/L, [NaCl] = 2 g/L, pH = 7.3, a current density = 25 mA/cm2, inter-electrode distance = 1
cm, temperature = 20 oC.
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4.2.8 Isotherm modeling
According the equation (21-24) two adsorption isotherms viz., Langmuir and Freundlich models
were applied to establish the relationship between the amounts of SA adsorbed onto the iron
hydroxides and its equilibrium concentration in the electrolyte containing contaminant ions.
Figs. (4.81) -(4.82) represent the Freundlich and Langmuir Isotherms studies of equilibrium.
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Fig .(4.81) Freundlich Adsorption Isothermfor the adsorption of SA using S-S
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4.3. Application of the polymers Treatment Process in paint Real Samples
The electrocoagulation treatment of SBR and SA co-polymers effluents obtained from Sizer
spuc and super cryl paints respectively were carried out by using Fe, SS and Al electrodes. The
initial polymer concentration of these samples were (10-12%) for SBR and SA taken from Sizer
co. for paint production located in Gaza Strip- Gaza City. 200 mg/L of paint solutions were
treated by the electrocoagulation technique using the same electrodes under the optimum
condition. After the treatment process, the removal percentages of SBR and SA polymer from its
paint at 15 and 8 min using Fe, SS and Al electrodes were ( 72.1%, 67.9%, and 62.1%) and
(90.5%, 67.3% and 63.4%) respectively. The removal percentages of SBR and SA COD were
(68.1%, 64%, and 60.2%) and (87%, 58.5%, and 51.9%) respectively. These results indicated
that the suggested studied electrodes are highly efficient in the treatment of effluents containing
SBR and SA co-polymer with very slight effect of matrix.( Gaber et al., 2012).
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4.4 Operating Cost
Operating Cost One of the most important parameters that must be determined to evaluate a
method of wastewater treatment is the cost. The operating cost includes material (mainly
electrodes) cost, operating cost (mainly electrical energy) and other cost items such as labor,
maintenance, sludge dewatering and disposal. In this study, energy and electrode material costs
have been taken into account as major cost items.
4.4.1 Electrical Energy Consumption
In an electrochemical process, the most important economical parameter is energy
consumption Ec (KWh/m3) ( Eslami et al., 2013). This parameter is calculated from the following
expression: (Lambert et al., 2013)

Where V, I, t and Volume stand for average voltage of the EC system (V), electrical current
intensity (A), reaction time (h) and treated solution volume (m3) respectively.
According the equation (30), The electrical energy consumption for SBR EC after 15 minutes
of electrolysis time at the applied current of (0.1 A), volume of the solution of 100 ml and cell
voltage of (6, 5 and 4.5 V) was (0.375, 0.3125 and 0.281 KWh/m3) using Fe, S-S and Al
electrodes respectively. Also the electrical energy consumptions for SA electrocoagulation were
(0.283, 0.243 and 0.18 KWh/m3) using Fe, S-S and Al electrodes respectively according the
equation (30) at current density of (0.1A) and cell voltage (8.5, 7.3 and 5.4 V).
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4.4.2 Mass of loss from anode electrode
The maximum possible mass of Fe and Al electrochemically generated from sacrificial anodes
for a particular electrical current was calculated using Faraday’s law of electrolysis (Mechelhoff
et al. 2013):
m = I.A.M.t / V.Z.F

(31)

where m is the mass of the anode material dissolved (g), I the current density (A m−2), A the
active electrode area (m2), M the molar mass of the anode material (g mol−1), t electrolysis time
(s), V volume of the reactor (m3), z the number of electrons transferred, and F the Faraday’s
constant (96,485 C mol−1). The cathode dissolution was not considered according to equation
(32). The maximum possible mass of Fe and Al electrochemically generated from sacrificial
anodes in table (4.1) at optimum condition for each process.

Table (4.1) mass of loss from Fe and Al electrode

Fe+2 (Kg/m3)

Fe+3 (Kg/m3)

Al+3 (Kg/m3)

SBR

2.61*10-4

1.74*10-4

8.4*10-5

SA

1.39*10-4

9.28*10-5

4.4*10-5
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5.DISCUSSION

Discussion
The removal efficiency of SBR and SA from aqueous solutions was examined by
electrocoagulation using Fe, S-S and Al electrodes. The effects of current density, initial pH,
type of electrolyte, NaCl concentration, initial polymers concentration , temperature, Effect of
anode materials, electrolysis time and inter-electrode distance were investigated on SBR , SA
and COD removal efficiencies. The main parameters discussed in this work are:
5.1 Effect of current density
The removal efficiency of styrene butadiene rubber (SBR), styrene acrylate (SA) and COD
were increased up by increasing the current density up to 25mA/cm2 as indicated in Figs. (4.14.6 and 4.42-4.47) (Sengil et al., 2004). The increase of coagulant and bubbles generation rate
lead to the increase number of H2 bubbles and decrease their size with increasing current density
resulting in a faster removal of polymers (Mollah et al., 2004; Holt et al., 2002; Golder et al.,
2007; Daneshvar et al., 2003). Further increase in current density above optimal condition did
not lead to an increase in polymer and COD removal efficiencies. But the sufficient amount of
flocs needed to coagulate the polymer might be available at optimal current density and further
formation of flocs which did not change polymer and COD removal efficiency (Khandegar &
Saroha, 2013).
5.2 Effect of initial pH
The pH is one of the most important factors influencing the performance of electrocoagulation
process. Hence the effect of solution pH was studied in the range of 3 to 11 using 200.0 mg/L
SBR and SA and COD containing solutions. The change in solution pH may also change the
properties of polymer molecules and consequently their adsorption. From Figs. (4.7-4.12 and
4.48-4.53) it can be seen that the removal efficiencies of SBR and SA were low in acidic and
basic media, meanwhile, in neutral the removal efficiencies were the best by using all working
electrodes. It was observed that below pH 7.1 and 7.3 for SBR and SA respectively there was
decreasing trend in adsorption, this may be due to:
1.

In case of iron anode the oxidation of ferrous (Fe+2) to ferric (Fe+3) diminishes, resulting

decreased removal efficiency in acidic pH values. In neutral, pH tends to favor Fe(II) to Fe(III)
oxidation as well as complex polymerization. Finally, hydroxylated colloidal polymers and an
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insoluble precipitate of hydrated ferric oxide were formed and the removal efficiency was
increased. The decrease of removal efficiency at alkaline medium was observed by many
investigators (Vasudevan & Lakshmi, 2012) and was attributed to an amphoteric behavior of
M(OH)3 which leads to soluble metal cations (at acidic pH) and to monomeric anions (at alkaline
pH).
2.

In case of aluminum anode the removal efficiency of the polymers and COD is high in

neutral electrolyte. The decrease of removal efficiency at acidic and alkaline pH was observed by
many investigators (Sanchez-Calvo et al., 2003; Kobya et al., 2003) and was attributed to an
amphoteric behavior of Al(OH)3 which leads to soluble Al3+ cations (at acidic pH) and to
monomeric anions Al (OH)-4 (at alkaline pH). It is well known that these soluble species are not
useful for water treatment. When the initial pH was kept in neutral, all the aluminum produced at
the anode formed polymeric species Al13O4(OH)7+ and precipitated as Al(OH)3 leading to more
removal efficiency (Kobya et al., 2003).
5.3 Effect of type of electrolyte
It can be seen from Figs. (4.13- 4.18) for SBR polymer with its COD and figs (4.54-4.59 ) for
SA polymer with its COD the effect of electrolyte types on the removal efficiencies using
electrocoagulation method. In the presence of chloride ions of NaCl and KCl (which provide the
effective Cl- ion) electrolytes the removal efficiency of polymers and COD were high due to
formation of hypochlorite (OCl-) and hypochlorous acid (HOCl). This behavior may be due to
the small ionic size of K+ and Na+ which increases the ion mobilities and the loss ability of Clion. But in another electrolytes which not contain chloride ions such as NaF, Na2CO3, Na2SO4
and Na3PO4, the removal efficiency of polymers and COD dropped. Na2CO3, Na2SO4 and
Na3PO4 electrolytes showed the least efficiency in the electrocoagulation of pollutant. This may
be attributed to the formation of an adherent film on the anode surface which poisons the
electrode surface. Also, these electrolytes do not contain chloride ions (Cl-) in their structures
and may form stable intermediate species that could not be oxidized by direct electrolysis. These
observations were also confirmed in other studies (Awad &Abu Ghalwa, 2005).

Later

experiments were done using NaCl because it is cheap, monovalency, high mobility, high
conductivity, low voltage for electrocoagulation and so it economical in industrial scale ( Alaton
et al., 2009).
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5.4 Effect of NaCl concentration
As the electrolyte concentration increased the polymer and COD removal efficiency increased
due to the increment of the electrical conductivity as presented in Figs. (4.19 - 4.24 ) for SBR
polymer with its COD and (4.60 - 4.65) for SA polymer with its COD. It can be attributed to the
increase of the conductivity due to addition of sodium chloride which leads to reduce the cell
voltage at constant current density due to the decrease of the ohmic resistance of solution (Kobya
et al., 2005) and the produced amount of metallic hydroxide leading to a reduction of the oxide
layer and an enhancement of the anodic dissolution of the electrode material and polymer
removal increases (Dallvand et al., 2011). However, with the increase in NaCl concentration >
1.5 and 2 g/L for SBR and SA respectively. The removal efficiency decreased using all
electrodes.
5.5 Effect of polymer concentration
The effect of initial polymers concentration using EC on the polymers and COD removal
efficiencies was examined with solutions including SBR, SA containing 50, 100, 150 and 200
mg /L. Figs. (4.25-4.30) for SBR polymer with its COD and (4.66-4.71) for SA polymer with its
COD show the effect of the initial polymers concentration in the aqueous solution on the
removal efficiency for various electrolysis times. The uptake of SBR and SA increased up to
(200 mg/L). Further increasing of the initial concentration leads to decrease in the polymers
removal efficiency.
According to Faraday’s law, a constant amount of metal hydroxides is dissolved from the Fe,
S-S and Al anode and passes to the solution for the same current density and electrolysis time for
polymers concentrations. Consequently, the same amount of metal hydroxides is produced in the
aqueous solution. This is behavior explans why the amount of hydroxyl and metal ions produced
on the electrodes was not sufficient to adsorb at high SBR, SA concentrations at a constant
current density.
5.6 Effect of temperature
The result from Figs. (4.31-4.36) for SBR polymer with its COD and figs (4.72-4.77 ) for SA
polymer with its COD, the removal efficiencies increased with temperature up to 30 oC for SBR
and 20 oC for SA. This tend is attributed to the increasing in the diffusion and mobilities of ions
with increasing in temperature. With further increasing temperatures the removal efficiencies of
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polymers and COD values have a negative effect. It may be concluded that at low temperature
the dissolution of anode occurs at a lower rate. When the temperature was over than 40 oC, the
removal efficiency began to decrease. In this case, the volume of colloid M(OH)n will decrease
and pore production on the metal anode well be closed (Liu et al., 2010). So with increasing the
temperature it was found to be uneconomic as there was a slight change in the rate of the
reaction and the percentage of removal. This agree with previous results (Shalaby et al., 2014).
However, it should be noted that the operation of electrocoagulation process at higher
temperature significantly reduced electrical energy consumption (Phalakornkule et al., 2009).
5.7 Effect of anode materials
Effect of different anode materials on the removal efficiencies of SBR and SA was studied
using iron, stainless steel and aluminum anodes. Due to the effective adsorption nature, the
contaminants in water will be removed by the adsorption with metal hydroxides produced from
the chemical coagulants like Fe , S-S and Al salts. The main disadvantage for the use of chemical
coagulants is the presence of anions like chloride and sulfate will reduce the removal efficiency
and will increase the Total Dissolved Solids (TDS) in the treated water. So to overcome the
above difficulties, in present investigation Fe, S-S and Al are evaluated as anode (in-situ
generation of the coagulants). By this method coagulants are introduced without corresponding
sulfate or chloride and more removal efficiencies are proved (Kamaraj et al., 2013 ). By
eliminating competing anions and using a highly pure coagulant source, lower metals residuals
were obtained and less sludge was produced compared with metal salts are utilized. A
contaminant free ion source allows maximum adsorptive removal of the various dissolved forms
of metals that could be present and require treatment. During the electrolysis of combined anodes
like Fe/S-S/Al, respective hydroxides (micro-flocs) are formed rapidly by anodic dissolution
according to reactions (5)–(20). The main advantage in the case of Fe and S-S electrode is that
the residual iron if any present in treated water will not cause any health problem like aluminum.
5.8 Effect of electrolysis time
The polymer removal efficiency directly depends on the concentration of hydroxyl and
produced metal ions on the electrodes which increase by increasing time of electrolysis (Holt et
al., 2005). SBR and COD the electrolysis time was 15 min using Fe, S-S and Al electrodes and
removal efficiencies reached a maximum of (99.2% and 91.2 %), (99.4% and 93.5%) and (98.9
% and 90.2%) respectively. The optimum removal efficiencies for SA and COD electrolysis time
was 8 min using Fe, S-S and Al electrodes and removal efficiencies reached a maximum value of
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(99.2% and 95.9 %), (99.4% and 97.1%) and (99 % and 93.1 %) respectively at optimum
conditions.
5.9 Inter-electrode distance
Long distance between anodes and cathodes require high electrical energy for motion of ions.
This is due to longer travel path that increased the resistance of motion of ions and the situation
is reversed in the case of short distance between each electrode. Inter-electrode spacing of 1.0 cm
had the low energy consumption and high removal efficiency.
5.10 Adsorption Isotherms
The isotherm provides an association between the concentration of (SBR and SA) and the
amount adsorbed on the solid phase when both phases are in equilibrium. At present studies
equilibrium adsorption data were analyzed using the Freundlich and Langmuir isotherm models
as shown in Figures (4.40 and 4.41) for SBR and (4.80- 4.81 ) for SA. Also, analysis of
isotherms was used to describe the experimental adsorption data, and then best results can be
obtained when correlation coefficients (R2) come close to 1 (Shirmardi et al., 2012). Table (5.1)
show the correlation coefficients of Freundlich and Langmuir adsorption isotherm models for
SBR and SA. .
Table (5.1a) Isotherm Parameters for adsorption of SBR onto stainless steel at current densities 25 mA/cm2

Langmuir Isotherm
qm

kL

(mg g-1)

(L mg-1)

25

0.0265

Freundlich Isotherm
R2

RL

kf

N

R2

(mg g-1)(L mg-1)1/n

3.47*1011

0.158 0.777

0.181

0.954

Table (5.1b) Isotherm Parameters for Adsorption of SA onto stainless steel at current densities 25 mA/cm2

Langmuir Isotherm
qm

kL

(mg g-1)

(L mg-1)

41.66

0.1176

Freundlich Isotherm
RL

R2

kf

N

R2

0.667

0.944

(mg g-1)(L mg-1)1/n

0.0409

0.674

8279

From table (5.1) the SBR and SA, the adsorption process was best fitted by the Freundlich
adsorption isotherm. The results were in good agreement with the experimental data.
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5.11 Comparison between the Electrocoagulation and other method reported in literature
for removal efficiency of polymers and COD.
The comparison between the percentage of removal efficiencies for SBR and SA by
electrocoagulation using Fe, S-S and Al electrodes with other method reported in literature.
Table 5.2 represent the comparison between the percentage of removal efficiencies for SBR and
SA by electrocoagulation using Fe, S-S and Al electrodes with other

method reported in

literature. It is clear from Table 5.2 that the electrocoagulation method using the proposed
electrodes is the best and more efficient method for polymers and COD removal efficiency.
Table (5.2a) Comparison between the Electrocoagulation method for removal efficiency of SBR with other
methods.

polymers Method
Fenton reagent method

Time

Removal %

Reference

30 min

55%

(Zhang et al,
2012)

SBR
microwave irradiation

24 h

50%

(Seghar et al,
2015)

catalytic oxidation

>60 min

37. 7%

(Lanhua, 2005)

coagulation-catalytic

>60 min

83.1%

(Qing et al., 2006)

15 min

93.5%

Present work

15 min

91.2%

Present work

15 min

90.2%

Present work

oxidation process
Electrocoagulation
(S-S electrodes)
Electrocoagulation
( Fe electrodes)
Electrocoagulation
( Al electrodes)
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Table (5.2b) Comparison between the Electrocoagulation method for removal efficiency styrene acrylic
copolymer with other methods.

polymer

Method

ultrasonic irradiation

Time

Removal %

Reference

30 min

91%

( Saien et al.,
2010)

SA
Electrocoagulation

8min

97.1%

Present work

8 min

95.9 %

Present work

8 min

93.1 %

Present work

(S-S electrodes)
Electrocoagulation
( Fe electrodes)
Electrocoagulation
( Al electrodes)
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CONCLUSION
The present study attempted to investigate the applicability of an electrocoagulation method in
the treatment of SBR and SA polymers in aqueous solutions. The effects of initial pH, initial
polymers concentration, current density, type of electrolyte, salt concentration, and temperature
were investigated on removal efficiency and COD. The following conclusions are drawn up
based on the results :


Electrocoagulation is a fast, effective, clean process and requires simple equipment to
remove of polymers from aqueous solution.



The treating of SBR and SA polymers in aqueous solution using different electrodes was
affected by different types of parameters such as current density, initial pH, initial type
electrolyte, salt concentration, initial polymer concentration and temperature.



SBR polymer and COD removal were were (99.2% and 91.2 %), (99.4% and 93.5%) and
(98.9 % and 90.2%) using Fe, S-S and Al respectively at 15 min. Electrical energy
consumption (0.375, 0.3125 and 0.25 KWh/m3)

using Fe, S-S and Al electrodes

respectively for SBR, with typical operating conditions: a current density 25 mA/cm2
using Fe, S-S and Al , pH 7.1, NaCl concentration 1.5 g/L at Fe ,S-S, and Al, SBR
concentration 200 mg/L, inter-electrode distance 1 cm and temperature 30 oC.


SA and COD removal were (99.2% and 95.9 %), (99.4% and 97.1%) and (99 % and 93.1
%) by using Fe, S-S and Al electrodes at 8 min, electrical energy consumption (0.283,
0.243 and 0.18 KWh/m3) using Fe, S-S and Al electrodes respectively for SA with typical

operating conditions: current density 25 mA/cm2, pH 7.3, NaCl concentration 2 g/L,
polymer concentration 200 mg/L, inter-electrode distance 1.0 cm and temperature 20 oC
using all electrodes.


After the treatment of SBR and SA co-polymers effluents obtained from Sizer spuc and
super cryl paints, the removal percentages of SBR and SA polymer from its paint at 15
and 8 min using Fe, SS and Al electrodes were (72.1%, 67.9%, and 62.1%) and (90.5,
67.3 and 63.4) respectively. The removal percentages of SBR and SA COD were
(68.1%, 64%, and 60.2%) and (87%, 58.5%, and 51.9%) respectively.



The results were concluded that the electrode material play an important role in
electrocoagulation method for treatment of polymers in aqueous solution.



The removal rate of SBR followed first order reactions using Fe, S-S and Al electrodes
with rate constant (0.979, 0.992 and 0.946 min-1 )respectively.



The removal rate of SA followed first order reaction using Fe, S-S and Al electrodes with
rate constant (0.932, 0.913 and 0.942 min-1 ) respectively.
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The electrocoagulation process was modeled using adsorption isotherm models,
Freundlich and Langmuir. The SBR and SA adsorption was best fitted by the Freundlich
adsorption isotherm, and the results were in good agreement with the experimental data.
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