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Abstract Electrocoagulation (EC) has been employed recently to
treat tannery, textile, and coloured wastewater. Three main
processes are gathered in EC process, namely electrochemistry,
coagulation, and flotation. This technique uses DC currents
source between metal electrodes immersed in the textile effluent,
which causes the dissolution of electrode plates into the effluent.
The main advantage of EC compared to chemical coagulation
technique is that EC generates less sludge. The objective of the
present manuscript is to review the potential of
electrocoagulation for the treatment of textile effluent. The most
influential factors on removal efficiency, such as initial pH, time
of EC, conductivity, current density, initial dye concentration and
periodically reversal current on electrodes were discussed.
Considering the circular economy concept, which focuses on
positive society-wide benefits, manufacturing brick or ceramic

materials is feasible method for disposing sludge.

7Y
-ﬁ- DOI https://doi.org/10.18690/um.fkkt.1.2023.6
oo ISBN 978-961-286-692-1

University of Maribor Press

Keywords:
electrocoagulation,
textile effluent,
metal removal,
costs,

current density



5TH INTERNATIONAL CONFERENCE ON TECHNOLOGIES & BUSINESS MODELS
FOR CIRCULAR ECONOMY: CONFERENCE PROCEEDINGS.

1 Introduction

The effluents from textile industry as well as tannery are heavily polluted with heavy
metals, such as chromium, and different types of organic matter, especially dyes. The
water is dark coloured and does not allow the passage of sun light, therefore, it might
be toxic and pootly chemical and biological degradable. (Moussa et al, 2017) Due to
toxicity of dyes and metals in textile water, biological treatment is insufficient
(Emamjomeh and Sivakumar, 2009).

Chemicals are added to physically remove during traditional techniques such as
coagulation or adsorption on traditional adsorbents such as activated carbon in used.
In both cases a lot of sludge is generated. Therefore, electrocoagulation (EC) has
been employed to treat among other also tannery, textile, and coloured wastewater.
The process generates no additional chemicals. In the literature (Mousssa et al, 2017)
it was stated that more than hundred years electrocoagulation has been applied to
remove pollutants from different types of industrial wastewater, such as: emulsion
wastewater, coloured wastewater (textile), pulp and paper industry wastewater,
tannery, and also from food industry. EC and other electrochemical wastewater
treatment processes are considered as an environmentally friendly technology.
(Mousssa et al, 2017)

Heavy metals, such as Chromium, is very toxic, even carcinogenic as Cr(VI). The Cr
removal dynamics was explained (Espinoza et al, 2009). The positive chromium ions
are neutralized after movement to the ferrous ions at anode under the electric field,
and Cr-ions electrical charge is neutralized. After 15min, a 93 % drop in Cr
concentration was measured as a consequence of the particle coagulation. The

electrolysis time of 1 hour was enough for the almost total neutralization of Ct-ions.

The aim of present study was to identify the current state of the EC and review of
recent advances in the field of EC. Also ECs’ potential as an effective textile
wastewater treatment method was considered. From the circular economy concept,
disposing sludge could be used as secondary material for manufacturing brick or

ceramic materials (Sandoval et al, 2021).
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2 Methods
At the iron anode the chemical oxidation to Fe?" take place (Chen, 2004).

Next reaction at pH above 7:

Fe2t + 30H- — Fe(OH)y M
And at pH below 7:

Fe2t + O, + 2H,O — 4Fe’* + 4OH-. @)
and

Fe3* + 30H- — Fe(OH)s, 3)

From water oxygen and H+ ions are produced.

At the iron cathode hydrogen is produced:

2H,0 + 2¢~ — Ha + 20H- )
Beside monomeric also polymeric species could form, e.g. Fe(H2O)s**, (OH)2™,
Fex(H20)s (OH)2**and Fe(H20)s (OH) 44+ Fe(H20)sif pH changes (Hendaoui et al,

2018).

NaCl increases the production rate of such polymeric species. In textile industry a
lot of dyes arre present in water. (Eq.5-6) (Nandi and Patel, 2017):

Dye+ Fe(monomeirc) = monomeric-komplex (s) 5)

Dye+ Fe(polymeirc) = polymeric-komplex (s) 6)
In the second step the adsorption take place, following reactions 7 and 8:

komplex + Fea(OH), ) = sludge (7
Dye + Fea(OH)n y 2 sludge .. (8)
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In case of Al, species such as AP’* and AI(OH)>" dominate at low pH. Within the
pH range 4 - 9, various species such as AI(OH)>", A[(OH)2?*, which are monomeric
and species such as Alg(OH)is3*, Al;(OH)174*, Ali3(OH)345* which are polymeric
form flocs Al(OH)s(s) through complex polymerization and/or precipitation
mechanism. When pH is higher than 8, the monomeric AI(OH)4~ concentration
increases, decreasing the significance of insoluble amorphous AI(OH)s(s) flocs
(Merzouk et al, 2010). In case of iron electrodes, only soluble Fe?* ions and Fe3* (aq)
ions form the precipitation of Fe(OH); with impurities mainly by charge
neutralization or adsorption during coagulation.( Cerqueira, 2009)

Direct red 81 was successfully removed by adsorption (Aoud;j et al, 2010). It was
observed during analysis of dye-loaded sludge using FTIR. The observed variations
in FTIR spectrum suggest the adsorption of dye on AI(OH)s(s) flocs.

Some authors emphasized the importance of flotation at EC process (Ghanbari et
al, 2014). The sacrificial electrode is electrolytically oxidized and coagulants are
formed during an EC process. Such coagulants destabilize the contaminants and
consequently agglomerates are formed. As gases are formed according to Eq. 4,
pollutants are floated. The process is shown in Fig.1 as one of the main stages

involved in EC processes.
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Figure 1: Main mechanism of electrocoagulation
Source: (Canizares et al., 2005)
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During EC flocs are formed similar to conventional coagulation. Coloids are
neutralised by Al (or Fe) ions and they generate bigger macroflocs which are
removed by sedimentation. The stability of colloidal particles is well described by
DLVO (Derjaguin-Landua- Verwey-Overbeek) (Moussa et al, 2017). Two forces:
attractive van der Waals force with an attraction energy (Va) and the repulsive
electrostatic force with repulsion energy (Vg) are the main forces have the leading
role if electrical double-layer is present at particles’ surfaces (Fig .2). Around a
negative ion an excess of positive ion is accumulated in the interfacial region, and
this govern the electrostatic effects. If we sum the Van der Waals attraction energy
and electrostatic repulsion energy we gain the net interaction energy of two particles.
The total interaction curve (Va + Vr) shows a primary minimum and a secondary
minimum in Fig. 2.
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Figure 2: Interaction energy and particle separation curve in dependence of X
Source: (Moussa, 2017)

In general, laboratory EC system consist of 2 electrodes in reactor and are connected
to DC source. (Mollah et al 2004).. The research related to the use of electrode made
of composite of aluminum and iron which are most widely used electrode material.
They both are very concise for the treatment of textile wastewater (Verma, 2017).

For real wastewater treatment a cell with two-electrode EC is not appropriate. Large
surface area is required. EC cells with monopolar electrodes either in parallel or
series connections could improve the efficiency of EC. This arrangement of
monopolar electrodes with cells in series is electrically like a single cell. The pair of
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»bipolar« electrodes are placed between the two parallel monopolar electrodes and
are electrical not connected, there is no interconnections between the anodes. Only
the two monopolar electrodes are connected to the electric power source. (Moussa
et al, 2017)

3 Effect of important parameters on electrocoagulation efficincy

Since dying is very important branch of industry in developing countries, simple and
cost-effective treatment methods are searched for effluent wastewater treatment. EC
have potentials for effective method. Authors claim that the most influential factors
on removal efficiency are as follows: time of EC, conductivity, pH-value, selected
dye concentration, current density, and current on electrodes, which could be

periodically reversal (Hakizimana et al, 2017).
3.1 Initial pH value and Conductivity

Neutral pH range was suitable in many experiments, generally at pH 7.0 £0.5. If pH
of the dye solutions was between 5.5 and 8.5 almost total colour removal was
observed (Daneshvar et al, 2006) and between 6.5 and 10.5 for cationic dye removal
(Nandi and Patel, 2017). Initial pH was 7.4 and 70 % of suspended solids was
achieved, 97 % of Cr removal and 46 % of COD removal (Apaydin et al, 2009). Best
removal results for 5 min electrolysis duration were observed at a pH of 5-9 during
the EC process. (Sangil and Ozacar, 2009)and 98 % of reactive dye was degraded.
Recent study showed up to 95 % colour removal at pH = 5 and current density 25
mA/cm? (Bener et al., 2019)

The amount of AI(OH); overcomes the amount of OH-, then more precipitation

will be formed, causing more removal efficiency. (Khoran and Falach, 2018).

The removal of COD and colour from synthetic textile wastewater was studied
(Verma, 2014): Up to 86 % colour was removed up to pH=8.

In tannery wastewater the initial pH is around 4 and slightly increases during EC.
Up to 85 % of COD could be removed in acid region (Varank et al, 2014).
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It could be concluded that pH has great influence on dye removal while the COD
removal efficiency was lower, thus, depending on more than one parameter.

Low energy consumption was observed in another study with high Cl-ions content
(Nandi Patel). The same study on removal of Brilliant green, which is very well-
known cationic dye, showed the influence of NaCl. Dye diffusion and adsorption
onto fibre is ehhanced by NaCl, whereas Na;CO:s is less efficient in dye removal at
EC, which is connected to the pH increase.

Almost total colour removal can be obtained in dye solutions with a conductivity of
8 mS/cm. (Daneshvar et al, 20006)

3.2 Reaction time

If reaction time increased 6-fold from 10 min yield in the dye removal increased to
98.3 % (Aoudj et al., 2010). Electrocoagulation time was studied at 7.5 initial pH,
4.0 cm internal electrode distance, and 68 mA cm™2 current density values. Turbidity
was lowered up to 99 %; TSS up to 60 % and Ca-ions up to 80 % in 45 min EC.
(Espinoza et al, 2009) Already after 3 min COD decreased by 84 % to 78.5 mg/1
with a removal efficiency of when using two iron electrodes with fixed potential of

0.6 V (Zaroual, 2000).
3.3 Current density

The optimum cutrent density of 80 A/m?was used for the colour decrease if dye
solution containing BB3 was treated.(Daneshvar et al, 2006) Similar values from 80
to 100 A/m? were reported by Kobya (Kobya et al, 2003).The optimum current
density of 75 A/m?2was applied for achieving the highest decolourisation of textile
wastewater (Ghanbari, 2014).For current density up to 138.9 A/m2, more than 90
% brilliant green dye removal was observed after 10 min of operation (Nandi and
Patel, 2017). The rate of dye removal increased with increasing of current density.
In another study much lower density at 19 A/m?was used and 98 % of dye removal
was achieved. (Aoud; et al, 2010)
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3.4 Initial dye concentration

The dye concentration is removed by the sufficiency of Fe species. The lower is the
dye concentration better would be the removal efficiency. (Zaroual et al, 2006) The
same observation was found by Auodj (Aroudi et al, 2010). 1f dye concentration is
high less adsorption sites are available for dye to adsorb.

In general, using a steel anode, the dye decayed in the order: reactive > acid >
disperse, and using Al, the order is: acid > reactive > disperse (Garcia-Segura).[22]

3.5 Electrode distance

The interelectrode distance affect differ regarding pollutant nature, hydrodynamic
conditions, etc. Best efficiencies were gained at 1.5 cm at 98 % (Aoud; et al, 2010).
At such distance, the most of aluminium polymers aggregate in flocs and the dye
adsorption was the highest. (Ghanbari et al, 2014). The highest decolorization
efficiency was achieved with a distance of 3 cm between the two anodes. At larger

distances the flocs interactions are weaker, and the adsorption decreased.

The issue of cathodic polarization also discussed (Wellner et al, 2018) and the results
was accumulation of Al(OH)4 at the electrode surface.

3.6 Unit energy demand

The operating costs of EC could be calculated as a sum of the cost of energy,
electrode and chemical consumption (Khandegar and Saroha, 2013).

The energy demand for certain dye removal was studied. For 75 % of dye removal
the energy demand was 4.7 kWh per kg while it increased to 7.5 kWh per kg if 98 %
of dye was removed (Daneshvar et al, 2006) Even lower energy consumption was
determined at 0.018 kWh per kg of dye removed (Verma, 2017). 0,59 kWh per kg of
dye was needed to achieve colour removal 98 % in textile wastewaters (Ghanbari,

2014) if we assume inlet dye concentration 100 mg L1 of textile wastewater.



M. Simonic: Electrocoagulation Implementation for Textile Wastewater Treatment Processes

The operation of a continuous photovoltaic electrocoagulation process (PVEC) was
investigated, where the photovoltaic module was used instead of the current supply
(Khemila, 2018). More than 16 kWh per kg of removed dye were consumed, which

was more than by using current supply.

The specific energy demand in relation for aluminium and iron electrodes was
studies (Kobya et al, 2003). Iron electrodes are more energetically efficient than
aluminium between pH 5 and 9. The energy consumption was 0.65 kWh/kg COD
for iron electrodes, while around 0.8 kWh/kg COD for Al electrodes in acidic
medium. In basic mediums costs were twice higher for both types of electrodes.

It has been reported that electrocoagulation drastically reduces the costc for the

treatment of textile wastewater in comparison with coagulation (Bayramoglu et al,
2007).

4 Conclusion

The industrial potential of electrocoagulation application in textile sector for
wastewater treatment was reviewed. The most influential factors were presented and
discussed. The pH of the solution is one of the most important operational
parameters in EC. As presented in this paper many studies on synthetic textile
wastewater were performed using EC as method for COD, dyes, and colour
removal. EC seemed to be an efficient process to treat textile wastewater. However,
industrial scale up is more difficult as it might seem. Further work is needed to
improve the stability of the process especially regarding real textile wastewater
treatment, the role of hydrogen gas.
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