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Textile industries are one of the largest and vital industrial sectors of Bangladesh with 
regard to earn foreign exchange and labor employment, providing 4.5 million jobs of 
which 80% are women and contributes 13% to GDP [1]. This industry involves 
processing or converting raw material into finished cloth materials employing various 
processes, operations and consumes large quantities of water and produces extremely 
polluting waste effluents mostly by dyes and chemicals [2]. These dyes and chemicals, 
originating from the various steps of production in textile industry, in water often causes it 
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Abstract 

 
The work was conducted for improving textile effluent quality via turbidity removal by 
electrocoagulation (EC) using aluminum sacrificial electrode. Effluents were treated at 30 
minutes and 30 volts (30min-30V) and 60 minutes and 40 volts (60min-40V) condition in a 
1000 ml reactor cell with anode distance of 4 cm. Prior to EC experiment, physico-chemical 
parameters of effluent were measured and turbidity level was found eight times higher than 
the Department of Environment (DoE) standard. Turbidity removal ranged from 53 to 
96.2% and 58 to 97.5% for condition one and two, respectively. Dissolved oxygen (DO) 
increased satisfactorily for both conditions. Total operational cost ranged from 62.50 to 
70.41 taka/m3 at 30min-30V and 159.57 to 187.7 taka/m3 at 60min-40V. Moreover, sludge 
formation ranged from 6.73×10-4 to 8.41×10-4 kg in first condition and 1.21×10-3 to 
1.5431×10-3 kg in second one. So, EC treatment was very effective and capable of elevating 
quality of the textile wastewater effluent in terms of turbidity to discharge into inland 
surface water. During EC operation it was also possible to lessen the total cost in maximum 
removal by changing the operating condition and 30min-30V was enough to get 
environmental friendly solution. Results will encourage the industry-owner to treat polluted 
effluents by EC.  
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to get turbid or colored. Khan et al. [3] reported that a semi-automated composite textile 
industry of 10 tone capacity produces 1250 m3 of effluents each day contained high pH, 
high temperature, high biological oxygen demand (BOD), high chemical oxygen demand 
(COD), high turbidity, low dissolved oxygen (DO) and high concentrations of suspended 
solids (SS). Under the Bangladesh Environment Conservation Act (1995) and Rules 
(1997) textile industries must treat as well as monitor the quality of their wastewater and 
stay within national discharge quality standards [4]. A wide range of wastewater treatment 
techniques are known which includes biological and physicochemical processes that 
require chemical additions. The commonly used physico-chemical treatment processes are 
filtration, air stripping, ion-exchange, chemical precipitation, chemical oxidation, carbon 
adsorption, ultrafiltration, reverse osmosis, electrodialysis, volatilization and gas stripping 
[5]. But these methods consist of some disadvantages in terms of large chemical addition, 
sludge generation, economical viability and sometimes secondary pollution may arise [6].   

Halimur Rahman (H.R.) Textile Ltd., located in Savar upazila in Dhaka district with a 
geographic location N 23º49'3'' and E 90º15'27.72'' surrounded by Karnapara canal, is one 
of the leading textile industries of Bangladesh. This industry is complying with the 
national environmental law for effluent using a typical treatment system based on 
chemical [7].  In this system polyaluminium chloride (PAC) is used as coagulating agent 
along with the polyacryl amide (PAM) polymer and hydrochloric acid. But due to some 
disadvantages described elsewhere [5, 6] innovative, cheap and effective methods to clean 
industrial effluents before discharging into any other systems are needed [5]. 

A host of very promising techniques based on electrochemical technology are being 
developed and existing ones improved that do not require chemical additions. One of 
these, electrocoagulation (EC), has reached profitable commercialization. This method is 
increasingly gaining popularity because of its environmental compatibility, high 
particulate removal efficiency, versatility, energy efficiency, safety, selectivity and 
amenability to automation, low amount sludge generating and cost effectiveness [5, 8-11]. 
EC has been proposed and adopted for the treatment of various wastewater such as 
wastewater containing food and protein wastes [12], textile wastewater [8, 13], oil mill 
wastewater [14], urban wastewater [13], heavy metal laden wastewater [15], nitrite 
effluent [16], aqueous suspensions containing kaolinite, bentonite, and ultra fine particles 
[17, 18], fluoride containing water [19], restaurant wastewater [20], textile dye solution 
[21, 22], smelter wastewater containing arsenic [23], landfill leachate [24], saline 
wastewater [25], tar sand and oil shale wastewater [26], laundry wastewater [27], potable 
water [28], potato chips wastewater [10], poultry slaughterhouse wastewater [8], boron 
containing water [29], alcohol distillery wastewater [30], sulfide [31] etc. But in 
Bangladesh, most of the industry owner is not keen to operate effluent treatment plant 
(ETP) due to high operating cost and very few (like H.R. Textile Ltd.) operates chemical 
based ETP. So, as the part of our continuing research, in this paper we tried to investigate 
the removal efficiency of turbidity and increasing the DO of H.R. Textile Ltd. effluents 
using EC technique. We also calculated the operating cost for EC. 
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2. EC and Wastewater Treatment 
 
EC involves dissolution of metal from the anode with simultaneous formation of hydroxyl 
ions and hydrogen gas occurring at the cathode. In recent years, many investigations have 
been especially focused on the use of EC owing to the increase in environmental 
restrictions on effluent wastewater [11]. In EC, coagulants are produced in situ within the 
reactor without direct addition of any chemicals. Coagulants are produced by the 
electrolytic oxidation of appropriate anode materials, such as iron and aluminum 
electrodes, which result in formation of highly charged polymeric metal hydroxyl species. 
A number of studies pointed out differences that in the case of EC, the coagulants 
produced by the electrolytic oxidation were in the form of both monomeric hydroxide ions 
and highly charged polymeric metal hydroxyl species, e.g. Fe(H2O)6

3+, Fe(H2O)5(OH)2+, 
Fe(H2O)4(OH)2+, Fe2(H2O)8(OH)24+ and Fe2(H2O)6(OH)4

4+, for anodes made of iron  and 
Al2(OH)2

4+, Al3(OH)4
5+ and Al13O4(OH)24

7+, for anodes made of aluminum [31]. These 
species neutralize the electrostatic charges on the suspended solids and facilitate 
agglomeration resulting in separation from the aqueous phase. So the technology removes 
colloids particles pollutants from aqueous media by introducing highly charged polymeric 
hydroxide species. On the whole, the EC process involves three successive stages [5], – 
(a) formation of coagulants by electrolytic oxidation of the sacrificial anode electrodes, 
(b) destabilization of the contaminants, particulate suspension, and breaking of emulsions, 
and (c) aggregation of the destabilized phases to form flocs. 
 
3. Methods and Materials 
 
3.1. Sampling 
 
Effluents samples were collected before treatment (at equalizer tank) from H.R. Textile 
Ltd. Samples were taken at eight different days to evaluate the effluent quality variation in 
different days and after collection samples are brought to laboratory and physic-chemical 
parameters were analyzed. Samples were preserved until further analysis by EC.  
 
3.2. Physico-chemical parameters determination 
 
Physico-chemical parameters of effluents like temperature, pH, electric conductivity (EC), 
salinity, dissolved oxygen (DO), total dissolved solids (TDS), turbidity were determined 
using mercury thermometer, glass electrode pH meter (Ecoson Ion Meter, 
Model:1161795), conductivity meter (HANNA, Model: HI 8033), conductivity meter 
(HANNA, Model: HI 8033), DO meter (Eutech Instrument Cyberscan 110), TDS meter 
(HANNA, Model:  HI 8734), micro processor turbidity meter (HANNA, Model: HI 
93703), respectively. 
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3.3. EC experimental protocol  
 
Experiments were carried out in a glass beaker of 1000 ml. Aluminum electrodes of 
(5.5cm×3.8cm×0.1cm) with a distance of 4 cm and reaction area of about (3.8×2.9×0.1) 
cm were used. In preliminary investigation it was found that at 4 cm electrode distance, 
maximum turbidity removal and less sludge generation was achieved. The anode was 
connected with a voltmeter that gives voltage. A voltage stabilizer and an ammeter were 
used to regulate the flow of electricity and examine the current flow, respectively (Fig. 1). 
The electricity was measured in every five minutes and it was averaged to get the exact 
value in mA. 450 ml wastewater was treated at two operational conditions – (a) 30 
minutes and 30 volts (30min-30V) and (b) 60 minutes and 40 volts (60min-40V). It is pre 
assumed that the turbidity and DO in the effluents of eight days will be in little variation. 
So, the first four days samples were treated at first operating condition and the remaining 
four days samples at the second operating condition. The electrodes were scrubbed with 
sand paper and washed with dilute acid to remove impurities on the metal surface. The 
anode was weighted before and after the experiment for each run to estimate the electrode 
consumption. At the end of the each experiment run, the treated effluents were filtered 
with a pre-weighted filter paper. Filter paper was dried in oven and generated sludge 
amount was measured after subtracting the initial weight from final weight. 
  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Schematic diagram of electrocoagulation (EC) experiment. 

 
 
4. Results and Discussion  
 
4.1. Physico-chemical parameters of effluents 
 
The effluents were reddish orange in color and pungent in odor. Average temperature was 
around 36°C and pH of all samples was around 9.5 (slightly basic in nature). Electrical 
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conductivity and TDS were 4440 µS/cm and 2130 mg/l, respectively. Turbidity and DO 
values varied from 45.76 to 37.39 FTU and 0.93 to 1.25 mg/l, respectively. All these 
parameters except temperature and pH significantly violate the national standard set by 
the Department of Environment (DoE) for inland surface water [32]. The standard value 
of temperature, pH, electrical conductivity, TDS, turbidity and DO for discharging into 
the inland surface water is 40°C, 6-9, 1200 µS/cm, 2100 mg/l, 5 FTU and 4.5-8 mg/l, 
respectively.   
 
4.2. Increase of DO   
 
Dissolved oxygen (DO) levels in natural wastewaters depend on the physical, chemical, 
and biochemical activities in the water body. All the samples contained very low DO level 
than DoE standard. For aquatic life DO is very important for its survival. So discharge of 
these effluents to the water bodies or other compartments of the environment will be 
harmful. For first operational condition, DO increased from 0.96, 1.12, 1.15 and 0.93 mg/l 
to 5.95, 3.08, 4.18 and 3.83 mg/l for samples S1, S2, S3 and S4, respectively. In second 
operational condition DO increased from 1.12, 1.25, 1.10 and 0.98 mg/l to 3.70, 4.37, 4.52 
and 7.75 mg/l for samples S1, S2, S3 and S4, respectively (Fig. 2). S1 of first condition 
and S3 and S4 of later one followed the DoE standard for discharging into inland surface 
water. DO increased due to removal of pollutants load from the effluent samples by 
coagulation of EC technique. At 30min-30V condition DO increased about 520, 175, 264 
and 312% for S1, S2, S3 and S4, respectively. 208, 250, 311 and 691% DO increased for 
S1, S2, S3 and S4, respectively at 60min-40V condition (Fig. 2).  
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Fig. 2. Sample wise increase and increasing percentage of DO. 
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4.3. Turbidity removal 
 
Turbidity is an important aspect of textile wastewater. Sample effluents contained higher 
amount of turbidity than the standard of DoE (5 FTU) and needs treatment to safely 
discharge in the surface water. Turbidity removed in EC process was good. In case of 
30min-30V, turbidity decreased from 45.76, 41.17, 41.60 and 40.56 FTU to 1.75, 6.10, 
7.75 and 19.28 FTU for samples S1, S2, S3 and S4, respectively. At 60min-40V, turbidity 
removed from 37.39, 38.62, 39.42 and 40.19 FTU to 0.95, 5.84, 14.25 and 17.03 FTU for 
sample S1, S2, S3 and S4, respectively (Fig. 3). Turbidity removal percentage was 
achieved from 53 to 96% at 30min-30V with an average of 79% removal. 58 to 97% 
turbidity removal was achieved at 60min-40V with an average removal of 76% (Fig. 3). 
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Fig. 3. Sample wise turbidity removal and removal percentage. 
 
 

     The two main aims of the coagulation are: (i) to settle the suspended colloidal particles 
in water/wastewater rapidly, which settle very slowly, or perhaps do not settle at all under 
normal conditions, hence leading to residual turbidity, and (ii) to remove residual turbidity 
from the water/wastewater and consequently to obtain clearer water/wastewater, which is 
a natural outcome of the former [33]. 
     The current density is a parameter that controls the anode dissolution speed on the one 
hand, and that of hydrogen formation on the other hand [20, 3-36]. In all electrochemical 
processes, current density determines the coagulant production rate, and adjusts the rate 
and size of the bubble production and hence affects the growth of flocs [37]. In an EC 
experiment the electrode or electrode assembly is usually connected to an external DC 
source. The amount of metal dissolved or deposited is dependent on the quantity of 
electricity passed through the electrolytic solution. A simple relationship between current 
density and the amount of substances dissolved can be derived from Faraday’s law as Eq. 
(1), 
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w = ItM/zF                                                                                                                   (1) 
 

where w is quantity of electrode material dissolved (kg), I is current density (A/m2), t is 
time (h), M is  relative molar mass of the electrode concerned, n is number of electrons in 
oxidation/reduction reaction and F is the Faraday’s constant (96487 C/mol). The 
electricity used in the whole operation of EC was not so variable. Electric current varied 
from 0.68 to 0.87 mA for 30min-30V and 0.68 to 0.80 mA for 60min-40V, respectively 
(Fig. 4). Anode dissociated from 1.62×10-4 to 0.1.69×10-4 kg for 30min-30V and from 
3.02×10-4 to 4.863×10-4 kg for 60min-40V, respectively (Fig. 4).     
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Fig. 4. Current density and dissociated of anode at different operating conditions. 
 
 

     Al is dissociated from the anode generating corresponding metal ions, which almost 
immediately hydrolyze to form excellent coagulating agent i.e., polymeric aluminum 
hydroxide. The sacrificial metal anodes are used to continuously produce polymeric 
hydroxides in the vicinity of the anode. Coagulation occurs when these metal cations 
combine with the negative particles carried toward the anode by electrophoretic motion. 
Contaminants present in the wastewater stream are treated either by chemical reactions 
and precipitation or physical and chemical attachment to colloidal materials being 
generated by the electrode erosion. They are then removed by electroflotation, or 
sedimentation and filtration [5]. Thus, rather than adding coagulating chemicals as in 
conventional coagulation process, these coagulating agents are generated in situ. 

      Szpyrkowicz [38] showed that the turbidity removal occurs as the result of 
destabilization of colloids due to the effect of the electric field generated between the 
electrodes and the reactions with coagulating compounds formed in situ during anode 
oxidation, followed by a subsequent flotation of agglomerates of the particles. It is 
thought that increasing electrolyze time or current intensity improves the efficiency of 
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turbidity removal by faster producing hydrolyze products. During electrochemical 
treatment, when a potential is applied between electrodes, hydroxyl ions and Al3+ are 
generated at the cathode and anode, respectively. These products are responsible for 
coagulation. The possible combination of various hydrolysis products is endless and one 
or more of them may be responsible for the observed action of flocculation [38, 39]. 
Aluminum upon oxidation in an electrolytic system produces aluminium hydroxide, 
Al(OH)n where n = 2 or 3 [40]. 
      

 Anode: 
2Al →2Al3+ (aq) + 6e -                                                                                                                                                      (2) 
2Al3+ (aq) + 6H2O(l) →2Al(OH)3(s) + 6H+(aq)                                                           (3) 
Cathode: 
6H+(aq) + 6e- →3H2 (g)                                                                                                (4) 
Overall: 
2Al(s) + 6H2O(l) →2Al(OH)3(s) + 3H2(g)                                                                   (5) 
 

Some type of sorption mechanism occurs during turbidity removal by EC process [41]. 
After the colloidal suspension has been destabilized, effective aggregation requires 
adequate contact between the coagulant and pollutant particles. Consequently, the 
transport mechanism is important as this determines the transportation of, including 
collisions between, particles coagulant and bubbles. Thus the fluid regime clearly has a 
significant impact on both the flocculation mechanism and the subsequent means of 
pollutant removal [42].  

Increase in retention time increases the efficiency of turbidity removal and this is 
because of precipitation of flocs that cause removal of turbidity particles. With increase of 
electrical current, the efficiency of turbidity removal increases. In high voltages, size and 
growth rate of produced flocs increase and this in turn affects the efficiency of the process 
[19]. By electrical potential increase the amount of oxidized aluminum increases and 
consequently hydroxide flocs with high adsorption rate increase and this leads to an 
increase in the efficiency of pollutant removal [43]. On the other hand, by electrical 
current increase, the density of bubbles increases while their size decreases hence the 
flotation efficiency increases [44]. But, in this experiment for simplification we just 
introduced two operating conditions (time and voltage variation) and from the treatment 
efficiency under these conditions it was infer that first operating condition was well 
enough to remove turbidity and increase DO up to national standard. Similar findings also 
reported by other investigators [45]. EC is more efficient than chemical coagulant for 
turbidity removal.  Belongia et al. [46] highlighted that EC removed turbidity about 
96.5% in less than 30 minutes. But, these all experiments were carried out in laboratory 
scale. Large scale experiment is very necessary to find out the effectiveness of laboratory 
scale findings of real samples and it is our main objective for further research planning. 
So, due to the simplification of present development in maximum pollutant removal, EC 
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system has a good scope to replace chemical based treatment system used in a typical 
industry like H.R. Textile Ltd.  
 
4.4. Sludge generation and operational cost 
 
EC is characterized for low sludge generation than the conventional chemical coagulation 
and other treatment systems. In present experiment of 450 ml samples, sludge generation 
ranged from 6.73×10-4 to 8.41×10-4 kg at first condition and 1.21×10-3 to 1.5431×10-3 kg 
at second one. Sludge formation increased with increasing voltage and time. For EC 
technique main operational cost included electricity and electrodes cost and for present 
work this cost was calculated by Eq. 6 to Eq. 8, modified after Ghosh et al. [47]. 
 

     Operating cost = aCenergy  + bCelectrode                                                                            (6) 
     Cenergy = U I tEC/v                                                                                                           (7) 
     Celectrode= MW I tEC /zFv                                                                                                   (8) 
 

where, U is cell voltage (V), I is current (A), tEC is time of electrocoagulation (h), v is 
volume of sample (m3), F is the Farady’s constant (96487 C/mol), MW is molecular weight 
of aluminium (26.98 g/mol), z is number of electron transferred (z = 3), a is electricity 
energy price (2.64 taka/kWh) and b is electrode material price (300 taka/kg Al). 
Electricity consumption in condition one ranged from 23.7 to 29 kWh with an average of 
26.35 kWh, while the value ranged from 60.44 to 67.55 kWh with an average of 65.78 
kWh in second condition. Anode consumption was very low for both cases (fig. 5). Total 
operational cost ranged from 62.50 to 70.41 taka/m3 for EC at 30min-30V.  It took 159.57 
to 187.7 taka/m3 for EC at 60min-40V. More voltage, electrolysis time was applied in 
second case and hence total cost was higher compared to first case (Fig. 5, inset). 

 

 
 

Fig. 5. Electricity and anode consumption at different operating conditions. 
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     Ghosh et al. [47] also calculated the operating cost in pollutant removal through EC 
and they proposed almost the same cost of present investigation. 
 
4. Conclusion  
 
EC is the process of treating suspended, emulsified or dissolved contaminants in an 
aqueous medium by introducing an electric current into the medium. EC is one of the 
most effective techniques to remove turbidity and pollutants from wastewater and this 
technique was influenced by electrode material, electrical potential and electrolysis time. 
Between the two operating conditions, 30min-30V was seemed to be good enough for 
transferring turbidity and DO from polluted situation into unpolluted condition. Turbidity 
removal by EC was up to 96% and 97% at 30min-30V and 60min-40V, respectively. 
Total operating cost was relatively low (ranged from 62.50 to 70.41 taka/m3 at 30min-30V 
and from 159.57 to 187.7 taka/m3 at 60min-40V) comparing other treatment system. 
Operating condition was environmental compatibility as sludge generation was low. 
Finally, based on experimental data and since no precipitating agents were applied like 
other conventional treatment system, the EC process proved to be not only feasible and 
environmentally friendly but also a cost-effective technology for a typical textile industry.  
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