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ABSTRACT: In this work, electrocoagulation and chemical coagulation were applied to the exit effluent of a textile 

factory located at Douala (Cameroon).The investigations were focused on the operational (pH, conductivity) and pollution 

parameters (COD, total phosphorus, turbidity). The electrolytic treatment was carried out with 0.4 A current intensity, and 

chemical coagulation was conducted in adding initially to the effluent the same quantities of aluminium than that 
electrogenerated.the elimination of pollution contents depended on the quantity of Al3+ ions produced by the electro-

dissolution of the aluminium anode and that of the aluminium salt dissolved in solution. In fact, 58.86, 94.44 and 97.81% 

of COD, total phosphorous and turbidity were respectively removed by electrocoagulation, while hemical coagulation, 
the turbidity was also reduced roughly at the same level as by electrolytic treatment. Also, 56.08 and 63.64% COD and 

total phosphorus were respectively removed by chemical route. During electrocoagulation, highest removals were reached 

after 2.49x10-3mol of aluminum was released in solution (after 30 minutes of treatment). Thus, the final pH obtained by 

this process was around 9 and the conductivity varying slightly, compared to the initial value. By contrast, chemical 

coagulation rendered the effluent more acidic and more conducting (γ> 4 mS.cm-1). Electrocoagulation is the best process, 

by the fact that the textile effluent treated by this technique can be re-used or rejected without risk in the environment. 

Chemical coagulation: indeed, the corrosive nature of effluent treated by this method and the significant content of the 

residual phosphorus can seriously inhibit the perspective of recycling. 
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The textile industry consumes large amounts of water 

in the dyeing and finishing processes. Generally, the 

produced effluents are characterised by strong colour, 

low metal and suspended particles contents, high 

temperature, alkaline pH, low biodegrability in most 

cases, high chemical oxygen demand (COD), (Mollah 

et al., 2004; Rodrigues et al., 2009,). World production 

of textile dyes is estimated as 7x105 tons per year 

(Davland et al., 2011; Khandegar et al., 2013).  

Due to the toxicity of the textile effluents, the textile 

industry faces to environmental and social challenges. 

In fact, about 15% of dyes are released in textile 

effluents, due to their limited fixation efficiency 

(Vatanpour et al., 2009). The textile dyeing units 

consume large quantities of water at different steps of 

dyeing and finishing among other processes. Almost 

10–50% of all used reactive dyes after dyeing of textile 

goods such as cotton, wool, and polyamide remain in 

effluent (Sadeghi-Kiakhani et al., 2013). In developing 

countries, these effluents are directly discharged into 

rivers or any other natural water streams causing 

serious pollution problems and endangering persons 

and aquatic life (Mollah et al., 2004). Besides political 

regulations imposed, it is also necessary to find 

effective wastewater treatments capable of removing 

colour and degrading toxic organic compounds from 

textile effluents. The conventional methods to treat the 

textile effluents are composed of various combinations 

of the biological, chemical and physical methods, 

varying in performance, cost-effective, and eco-

friendly aspects (Kobya et al., 2003; Bayramoglu et 

al., 2004). 

Electrocoagulation provides a simple, reliable and 

cost-effective method for the treatment of effluents 

without any need of additional chemicals. It also 

reduces the amount of sludge, which needs to be 

disposed (Daneshvar et al., 2006). 

Electrocoagulation presents many advantages 

compared to conventional methods, such as high 

removal efficiencies at low capital and operation costs, 

simplicity and compactness of the equipment required 

and easiness to control the process, leading to the 

robustness. Thus by this process, the need for 

additional chemicals and the sludge production is 

reduced significantly, compared to chemical 

coagulation (Mollah et al., 2001; Chen, 2004).Many 

investigations on the electrocoagulation of the textile 

effluents has been carried out, 

The objective of this work is to compare the efficacy 

of electrocoagulation and chemical coagulation 

processes during the treatment of textile effluent. The 

investigations are focused on the influence of the Al3+ 

ions on the removal of some pollution parameters 

(turbidity, total phosphorus and COD). 
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MATERIALS AND METHODS 
The effluent which is the subject of this study was 

sampled in the decantation tank of a textile factory in 

Douala (Cameroon). Cubic meters of textile effluent 

were stored in this tank, where converges all ultimate 

waters coming from all the operations of the factory 

before their rejection. 

 

The pH and conductivity measurements were achieved 

with a Multi340i/SET of Weight Watchers 

International (WTW). These devices were connected 

to electrodes comprising a temperature sensor. The pH 

was adjusted if necessary by adding 10−1 M H2SO4 

(98%, from Riedel de Haën), or NaOH (from Prolabo) 

at the same concentration. A Stuart magnetic stirrer 

was used in order to get a good homogenisation of the 

textile effluent sample during the treatment.  

 

The current was provided by an ERMES M10-SP-303, 

3A-30V DC power supply. The Chemical Oxygen 

Demand (COD) and the total phosphorus were 

analysed with a HACH DR 2500 Odyssey 

spectrophotometer. In the case of the COD 

measurement, the sample to be analysed was first 

heated in a HACH thermostat, type DRB 200.  

 

The turbidity was measured using a Lovibond 

turbidimeter.  The experiments were performed in 

100mL beaker, acting as reactor. A pair of aluminium 

procured in the local market, and connected to a DC 

power supply was used as electrodes. Their 

dimensions were 10 cm×4 cm×0.5 cm, and these 

electrodes were separated by a polyethylene grid of 0.5 

cm thickness and immersed in the solution to treat at a 

5 cm height. The imposed current was 0.4A, and the 

electrocoagulation processing time was varied from 0 

to 40 minutes. The electrodes were weighed before and 

after the runs, in order to evaluate the current 

efficiency, according to the relation: 

 

��%� =
���	
��	��� ����

��	�
	����� ����
�100        (1) 

 

With an aim of establishing a comparison with the 

electrocoagulation, aluminium sulphate Al2(SO4)3. 14 

H2O (Prolabo) was used during chemical coagulation 

experiments.  

 

For this to be achieved, aluminium sulphate 

corresponding to the same quantities as that of 

electrogenerated (by electrocoagulation) was weighed 

and added to the textile effluent. After this stage, the 

whole was stirred during approximately 10 minutes 

and analysed. 

 

RESULTS AND DISCUSSION 
Preliminary study of the textile effluent: Before 

beginning the treatment by both processes (chemical 

coagulation and electrocoagulation), the pH of the exit 

effluent in the decantation tank was measured (it is the 

effluent which is directly rejected into nature).his pH 

was higher than 14 because of enormous quantity of 

soda used in the manufacturing process of textile. For 

this reason, chemical and electrochemical treatments 

were not possible.  

 

When the medium is strongly alkaline, aluminate ion 

Al(OH)4
- is formed, thus inhibiting the treatment 

(soluble species soluble which does not contribute to 

the flocks formation) (Chen, 2004; Tchamango et al., 

2010).  

 

To solve this problem, we added to the samples before 

each run, sulphuric acid to lower the pH to a value 

where coagulation is possible. Diagram 1 illustrates 

the procedure of the textile effluent treatment we 

followed 

 

 

 
 

Fig 1. Illustration of the treatment procedure 
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Table 1: Characteristics of the textile effluent before the treatment. After neutralisation, the values of operational and pollution parameters 

were recorded, as shown in table 1. 

Physicochemical and pollution parameters  γ(mS.cm-1) pH COD 
(mg.L-1)      

 Turbidity 
(FNU) 

      Total phosphorus 
          (mg.L-1) 

 Value 2.87   6.23     649 64         42.24 

 

After reading of this table, we noted that: (i) the values 

of the COD, total phosphorus and turbidity were above 

the environmental standards for water of rejection 

(1996). (ii) The value of the initial conductivity of the 

effluent was sufficient to favour an electrolytic 

treatment (iii).The initial pH of the effluent was now 

fixed to 6, value in the range where aluminium 

hydroxides, necessary for the trapping of the colloidal 

particles is formed.for the forthcoming experiments, 

this value was considered.  

 

After having adjusted the pH and proceeded to 

electrocoagulation, a progressive formation of the 

flocks was observed, of which a part rose up on the 

surface while another decanted by gravity. The textile 

effluent solution which was initially blue was 

completely discoloured at the end of the electrolytic 

treatment. 

 

According to several authors, electrocoagulation 

implies three successive stages (Mollah et al., 2001): 

1. Formation of coagulants by electrolytic oxidation of 

the sacrificial electrode; 2. Destabilisation of colloidal 

particles and breaking of emulsions; 3. Aggregation of 

destabilised particles to form flocks. 

 

When aluminium is used as electrode material during 

electrocoagulation, the treatment is described by 

equations (2)-(5). At the electrodes (anode and 

cathode), electro-dissolution of aluminium and water 

reduction occur respectively. 

 
3 ( ) 3Al Al aq e
+

→ +        (2) 

2 2

3
3 3 3

2
H O e OH H

−

+ → +      (3) 

 

Then Al3+ and OH- electrogenerated react to form 

many monomeric species Al(OH)2+, Al(OH)2
+ 

Al2(OH)2
4+ Al(OH)4

- andpolymeric species such as 

Al6(OH)15
3+, Al7(OH)17

4+, Al8(OH)20
4+, Al13(OH)34

5+, 

and Al13O4(OH)24
7+ which transform finally into 

Al(OH)3 by complex precipitation kinetics (Alansafi et 

al., 2005; Yilmaz et al., 2007) : 

 

 
3

2 3( ) 3 ( ) 3Al aq H O Al OH H
+ +

+ → +
             

(4) 

 

The produced Al (OH)3 flocks remain as a suspension 

and can effectively capture the dye molecules present 

in the textile effluent by the following reaction 

mechanism (Davland et al., 2011) : 

 

��� − � + � �� !"�#� ⟶ ��� −  !"�#� +  �%     (5) 

At high pH values, cathode and anode may be attacked 

by OH− by corrosion, also leading to the formation of 

aluminate ion (Picard et al., 2000): 

 

2!" + 6�% + 2 �( ⟶  2!"� ��)
( +  3�%        (6) 

 

During the treatment, the hydrogen micro bubbles 

which are released at the cathode displace the flocks 

formed during electrolysis in their upward movement 

on the surface of the solution by electro flotation 

(Tchamango et al., 2010). 

 

The electrode consumption is a proof that 

electrocoagulation occurs, and the decrease of the 

electrode mass is observed according to the Faraday's 

law: 

 

m�� =  
,.� ..

/.0
                 (7) 

 

In this relation, mTh is the theoretical consumed metal 

mass, I is the current intensity imposed (A), t is 

electrocoagulation time (s), M is the molar mass of 

electrogenerated metal (g.mol-1), z is the number of 

electrons released by the anode oxidation (z = 3 for 

aluminium) and F is Faraday’s constant (96,486 C mol-

1) (Chen et al., 2000; Adhoum et al., 2004). After each 

experiment, the electrodes were regularly cleaned with 

deionised water, dried in an oven for about two 

minutes and weighed.  

 

We studied the impact of the corrosion on aluminium 

anode by evaluating the current efficiency, 

relationship expressed as a percentage between the 

theoretical aluminium mass (calculated according to 

the Faraday's law) on its experimental one (obtained 

by weighing anode). 
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Fig 2: Variation of the experimental mass against the theoretical 

mass of aluminium during the treatment of textile effluent. 

Electrocoagulation time= 40 minutes. 

 
On this figure, the value 100xslope represents the current 

efficiency. The value obtained (approximately 136%) 

indicates the extent of the corrosion that occurred. Indeed, 

during electrocoagulation with aluminium electrodes the 
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current efficiency is always higher than 100%, because of 

chemical corrosion mainly due by chloride ions (Chen et al., 

2000; Tchamango et al., 2016). In this case, it is obvious that 

the strong alkalinity of the effluent, due to the soda which 

intervenes in the manufacturing process of the textile also 

contributes to increase this corrosion, and consequently the 

current efficiency. The last explanation of the current 

efficiency value is “Chunk effect” phenomena: actually 

during electrolyses, quantities of aluminium are unhooked 

from the electrodes, under the influence of the current, and 

thus increase their experimental masses (Dineff and Sabeva, 

2004). 

 
Study of the physicochemical parameters; Study of the pH 

variation: The pH of the effluent is a very important factor 

during electrocoagulation and chemical coagulation. Indeed, 

this parameter conditions the formation of the metal 

hydroxides which these processes need to eliminate the 

pollutants (Chen et al., 2000). During chemical coagulation, 

the pH must be as a preliminary initially in the zone where 

constitution of the flocks is favoured (Degremont, 2005). 

But, electrocoagulation led with the aluminium electrodes 

requires only that initially the pH is acidic or neutral. In 

alkaline medium, the electrolytic treatment is inhibited by 

the formation of aluminate ion, as mentioned early.  

 

Fig. 2 depicts the variation of the pH against the number of 

mol of aluminium during the treatment of the textile effluent 

by both processes.ne firstly notices on this figure that the pH 

increases during electrocoagulation, and this is dueto the 

formation of hydroxyl ions at the cathode according to 

equation (3).as soon as the aluminium hydroxide is 

sufficiently formed, it reacts with the excess of hydroxyl ions 

released at the cathode during water reduction and lowered 

the pH, according to the equation below (Chen et al., 2000): 

 

Al�OH�5 + OH(  → Al�OH�)
(                                                    (8) 

 

By contrast chemical coagulation induces a pH drop; the 

more the quantity of aluminium sulphate is added to the 

effluent, the more the decrease of the pH is observed: the 

Al3+ hydrolysis releases the protons which by their strong 

acidity lower this parameter in equation 4.  

 

Study of the conductivity variation: We studied the influence 

of the conductivity in this work for several reasons:(i) an 

electrolytic treatment requires a sufficiently conducting 

medium, so that the imposed current not mainly serf to heat 

the solution of textile effluent and increase the energy 

consumption by Joule effect(ii). Considering the enormous 

quantity of water used by textile industries, very conducting 

water produced by a process would limit its effectiveness 

from the point of view of recycling of this water (Tchamango 

et al., 2016). 

 

In Fig. 3 is represented the evolution of conductivity against 

the number of mol of aluminium. The conductivity decreases 

during electrocoagulation, but increases when the aluminium 

sulphate in added in the effluent. The drop of the 

conductivity can be explained by the trapping of certain 

conducting species contained in the effluent, particularly the 

protons, following the production of hydroxyl ions at the 

cathode (Eq. 2).  

 

 

 

 

By contrast, in the case of chemical coagulation, the Al3+ 

hydrolysis produces protons, which increase the 

conductivity of the effluent (Eq. 4). Sulphate ions formed 

during the dissolution of aluminium salt and which do not 

intervene in the process of coagulation also contribute to 

increase this parameter (Tchamango, 2010). 

 

 
Fig 3: Variation of the pH during electrocoagulation and chemical 

coagulation of the textile effluent. 

 

 
Fig 4: Variation of the conductivity during electrocoagulation and 

chemical coagulation of the textile effluent.  

 
Study of the pollution parameters: Figs. 4, 5 and 6 describe 

the effect of respectively the number of mol of aluminium on 

the turbidity, COD and the total phosphorus elimination 

during electrocoagulation and chemical coagulation.  From 

the start, one notices on all these figures that a significant 

proportion of these parameters are eliminated when only 

0.83 x10-3 mol of aluminium ions is formed (that corresponds 

to 10 minutes of electrocoagulation treatment). The removal 

efficiency of the turbidity against the number of mol of 

aluminium ions is shown in Fig. 4. It is observed on this 

figure that the production of 0.83 x10-3 mol of aluminium in 

solution (chemically or electrochemically) eliminates up to 

97.34 and 98.17% of the turbidity, respectively by 

electrocoagulation and chemical coagulation. After this 

stage, the turbidity varies very slightly until the end of the 

treatment. These high removals are not surprising; in fact 

when one analyses the pH variation curves (Fig. 2), one 

notice that for this quantity of aluminium produced, the 

formation of the aluminium hydroxide is significant. On the 

other hand aluminate ion prevails when the quantity of 

aluminium exceeds 0.83x10-3mol, which justifies the weak 

variation of the turbidity. 
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Fig 5: Effect of the quantity of Al3+ on the turbidity removal during 

electrocoagulation and chemical coagulation of the textile effluent.  

 

As depicted in Fig. 5, one also observes a significant 

elimination of total phosphorus during electrocoagulation 

when 0.83x10-3 mol of aluminium is produced, leading to 

93.13% removal. It is not the case for chemical coagulation, 

where only 19.89% of total phosphorus is eliminated for the 

same quantity of aluminium generated. The total phosphorus 

contents are then stabilised during electrocoagulation, while 

the removal percentage of this parameter continuously 

increases during chemical coagulation. At the end of the 

treatment, respectively 94.44 and 56.08% of this parameter 

are eliminated by electrochemical and chemical processes. 

The difference between the two results could be explained 

by the presence of orthophosphates in the effluent. 

Tchamango et al., (2010) have showed that during the 

electrocoagulation of orthophosphoric acid solution, the 

phosphates in this case are not trapped by the aluminium 

hydroxide, but eliminated by electrochemical precipitation. 

That finding was confirmed by Flilissa et al., (2016)] when 

studying the variation of pH during the phosphate-assisted 

electrocoagulation. This mode of elimination is not possible 

with chemical coagulation, because of the lack of 

electrochemical reactions in this process. 

 
Fig 6: Effect of the quantity of Al3+ on the total phosphorus removal 

during electrocoagulation and chemical coagulation of the textile 

effluent.  

 
As quoted in Fig. 6, the evolution of the COD removal is 

similar by both processes, with the difference that its 

elimination is more important when aluminium salt is used. 

Moreover as observed in the case of turbidity and total 

phosphorus, a great proportion of COD is eliminated at the 

beginning of the treatment. That is confirmed by the strong 

slopes on the curves between 0 and 0.83x10-3 mol, leading to 

48.23 and 54.55% removal efficiencies by 

electrocoagulation and chemical coagulation respectively. 

After this step, the COD removal variation is weak. When 

the quantity of aluminium ions in the solution is 3.32x10-3 

mol (end of the treatment), we notice that 58.86 and 63.64% 

of the COD are respectively eliminated by 

electrocoagulation and chemical coagulation. 

 

The analysis of these curves also shows that the elimination 

of the COD is partial, and that a good proportion of this 

parameter remains in the effluent after treatment. This 

situation can be explained by the fact that there also exists in 

the textile effluent miscible and soluble organic compounds, 

which do not react with aluminium hydroxide and remain in 

solution (Moreno-Casillas et al., 2007). 

 
Fig 7: Effect of the quantity of Al3+ on the COD removal during 

electrocoagulation and chemical coagulation of the textile effluent 

 
When we compare both processes, we notice that: (i) 

electrocoagulation is more effective to eliminate total 

phosphorus and thus presents a very high removal of this 

parameter compared to chemical coagulation (94.44% 

against 56.08%). The effluent resulting from chemical 

coagulation can induce eutrophication of the rivers, because 

of residual phosphorus contrary to the electrocoagulation 

which has a harmlessness on the environmental level.The 

removal of the COD is better with chemical coagulation; (ii) 

the elimination of turbidity by both processes is almost 

identical. 

 

If we make a study of the reagents consumption (aluminium 

anode and aluminium sulphate), it would be interesting to 

exploit the experimental mass of electrogenerated 

aluminium and of aluminium sulphate dissolved in the textile 

effluent. For example after 40 minutes of electrolytic 

treatment (what corresponds to 3.32x10-3 mol) the 

experimental mass of consumed aluminium during 

electrolyses is 0.122 g, which is equivalent to 2.684 g of 

aluminium sulphate. Thus chemical coagulation uses 

approximately 22 times of reagent, compared to 

electrocoagulation. The pH and conductivity measurements 

clearly show that the effluent treated by chemical 

coagulation is more acidic and corrosive, and consequently 

cannot be recycled. By integrating the secondary pollution, 

the quantity of the reagents used the perspective of recycling 

the treated effluent and effectiveness of the treatment 

aspects; electrocoagulation is more advantageous than 

chemical coagulation.Conclusion: In this study, the 

influence of Al3+ ions on the treatment of a textile effluent 

by electrocoagulation and chemical coagulation processes 

was examined. The results showed that the elimination of the 

pollution parameters is strongly dependent on the quantity of 

electrogenerated metal, or of aluminium salt dissolved. 

Electrocoagulation seems to be the recommended technique, 

owing the fact that it is less expensive, does not induce 

secondary pollution and produces treated effluent which can 

be then recycled.Chemical coagulation on the other hand 

generated a treated effluent corrosive and more 

acidic.Moreover, the elimination of phosphorus by this 

technique is not significant, and can induce eutrophication of 

waters.The authors thank the French Ministry of the Foreign 
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