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Abstract

	 This paper describes observations made on studies carried in laboratory trials by using 
electro-coagulation process using iron electrodes. The purpose of this study is to present the iron 
electrode-based EC procedure, its superiority over other technologies used for removing arsenic from 
ground water and surface water. In order to reduce arsenic (As), it was also necessary to understand 
the basics of the electrochemical process (EC) and the significance of its operating conditions, such 
as anode materials, applied voltage, pH and anode distance. At different concentration of Arsenic 
(500 ppb, 200 ppb & 100 ppb) it was observed that with the higher concentration i.e. 500 ppb there 
is faster decrease in arsenic concentration at 6.5 pH. While, when using different current density  
0.5 A & 1.0 A at (12V) almost same results were obtained i.e. arsenic removal took place in same 
time duration at a pH range of 3.5 to 6.5. It was also observed that arsenic concentration decreases 
with electrode spacing, size of electrodes and contact time of treatment.
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Introduction

	 Arsenic (As) occurs naturally in small 
amounts (1.8 mg/kg) in the earth's crust and it is well 
known that it can appear in minerals in a variety of 
shapes and sizes1–3. Arsenic in the sea and ground 
water is mostly caused by volcanic eruption and the 
natural weathering of minerals that contain arsenic. 
Arsenic found inminerals that occur naturally, most 
often as arsenate, is extremely soluble and hence 

poses little damage to the environment4–7. However, 
due to their tendency to leach through soils and 
contaminate groundwater, soluble forms of arsenic 
are far more concerning8–11.

	 It is an established fact that the consumption 
of arsenic contaminated water results in the significant 
toxicity in the physiological system leading to the 
serious and often irreversible disorders in the form 
of related issues such hazardous effects are clearly 
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visible which are related to skin lungs kidney liver and 
prostate cancer, hyper pigmentation etc.12–15.

	 In natural water, arsenic can be found 
in both inorganic and organic forms. Organic 
arsenic is a rarely occur in groundwater. The formal 
oxidation states of arsenate (+5) and arsenite 
(+3) both have the potential to contain inorganic 
arsenic.16–20. Redox potential and pH play an 
important role in determining the dominant arsenic 
species. Diverse researchers have used reverse 
osmosis, coagulation, precipitation, adsorption, and  
ion-exchange technologies for extracting arsenic 
from contaminated water. Iron (Fe) and aluminum 
(Al) are the metals used as an electrodes more 
frequently for the electrocoagulation (EC) method 
for removing arsenic21–25. It has also confirmed that 
using iron electrodes improved effectiveness of 
removing arsenic from water26–28. The removal of 
arsenic involves interactions with several species 
found in groundwater, including in addition to reactor 
operation parameters like current density, electrodes 
spacing, retention time, pH and flocculation, 
researches also indicateiron electrodes are used 
in the EC technique to remove arsenic from 
groundwater and synthetically produced water 
in solutions with high arsenic contents29–32. As a 
result, these results can vary in comparison to 
those obtained with groundwater. Concentration of 
phosphate has been demonstrated to impede with 
the removal of arsenic by electrochemical means 
employing sacrificial anodes made of iron33–35. While 
silicates and sulphates had no effect on the removal 
of arsenic. Studies on the impact of soluble salts 
on the removal of arsenic by EC utilizing aluminum 
(Al) electrodes, however, are very few36-37. It is 
claimed that EC is utilizing iron anodes to remove 
organic materials naturally present in groundwater 
at the same time that arsenic is removed, calcium 
enhanced the removal effectiveness of As (V) due 
to calcium, according to research on the influence 
of calcium on arsenate removal by EC utilizing 
iron electrode forms calcium arsenate hydroxide 
precipitates in a continuous filter-press reactor's 
ability to remove arsenic from underground water 
when fitted with iron electrodes38–41. 

	 The investigation has shown that the 
retention duration and the efficiency of arsenic removal 
are influenced by pH and current density. Despite the 
possibility that the experiment's real results could 

differ from predictions made in theory. In this study, we 
investigate the electro-coagulation-based removal of 
arsenic from groundwater by employing a well-known 
scale-able electro-mechanical reactor.
	
Electrochemical process reactions during 
arsenic (As) removal
	 When the "sacr if icial electrode" is 
electrolytically oxidized, Fe is released through 
anode, creating comparable metal ions that very 
instantly hydrolyze to ferric hydroxide and polymeric 
iron hydroxides. The released Fe3+(aq) ions then 
undergo additional impetuous chemical response, 
forming comparable ions in aqueous solution.  
For regulating the effectiveness of arsenic removal, 
electrode material is crucial. The inorganic pollutant 
and the physical characteristics of the polluted 
water determine the best electrode material to use. 
Nevertheless, it is commonly acknowledged that using 
iron electrodes improves the effectiveness of arsenic 
removal. As was already established, the process for 
removing arsenic depends on the coagulating agents 
created after42. Depending on the pH of the aqueous 
medium, ferric ions produced by electrooxidation of 
an iron anode can create polymeric ions, Fe(OH), 
and polymeric hydroxide ions, such as Fe(H2O)3

6
+, 

Fe(H2O)5(OH) +
2,Fe(H2O)4(OH)2

+,Fe3
2 (H2O)8(OH)4

2
+ 

and Fe2(H2O)6(OH)4
4

+. These metallic hydroxides/
polyhydroxides/polyhydroxyl substances strongly 
bind to scattered particulate and to neutralize ions 
to induce clotting cascade43-44. The coagulated 
materials may be struck by the gas developed at 
the cathode, which will likely result in flotation. Few 
of them that impact EC effectiveness include the 
kind of electrolytes, electrode material, applied 
power, acidity, and final pH. The proposed chemical 
reactions that describe EC mechanisms for the 
formation of H2(g), OH-(aq), and H+(aq) at various 
pH levels are as follows:

For pH<4
Anode

Fe → Fe+2 + 2e-	 (1)

Fe→ Fe+3 + 3e-		  (2)

Cathode	

2H+ + 2e− → H2(g) ↑↑	 	 (3)

For 4<pH<7
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(1) and (2) Anode processes Statements in 
actuality, hydrolysis of iron also occurs

Fe+6H2O → Fe(H2O)4(OH)2		  (4)

Fe+6H2O → Fe(H2O)3(OH )3(aq)+3H+1+ 3e−1	 (5)

Fe (III) hydroxide starts to form rust colored floc as 
it induces.

Fe(H2O)3(OH )3(aq) → Fe(H2O)3(OH)3(s)	 (6)

In equation no., "metal" may also be obtained.[4].

2Fe(H2O)3(OH)3 ↔ Fe2O3(H2O)6		  (7)

	 Electrode Calculation (3) shows that further 
hydrogen is evolved, but it now originates from 
bicarbonates and iron degradation.

For 6<pH< 9:

	 Remarks Fe(II) hydroxide precipitate also 
takes place, resulting in a dark greenish floc, as  
Fe(III) hydroxide precipitation (7) continues.

Fe(H2O)4(OH)2(aq)→Fe(H2O)4(OH)2(s)  	 (8)

	 Fe(OH)n has a pH range of 7-8 for minimal 
solubility. Iron oxyhydroxide polymerization results in 
the formation of EC floc45.

	 As seen in the following processes, iron 
(polymeric) forms;

Fe(OH)2 ↔ FeO+H2O			   (9)

2Fe(OH)3+Fe(OH)2 ↔ Fe3O4+4H2O (magnetite) (10)

Fe(OH)3 ↔ FeO(OH)+H2O (goethite, lepidocrocite)	
	 (11)

	 EC by-products that have been detected 
include goethite, lepidocrocite, rust, magnetite, and 
hematite.

	 Electrode Formula (3) shows that the 
development of hydrogen continues, but that H+ now 
derives from carbonic acid and iron degradation.

The general responses are:

Fe + 6H2 O → Fe(H2O)4 (OH)2(s) + H2(g)↑ ↑	 (12)

Fe + 6H2 O → (OH Fe (H2O)) + 3H2(g) ↑ ↑	 (13)

	 The cell's internal conditions are not 
consistent; pH, species, and concentrations are 
changing.46

Experimental 

Synthetic ground water
	 Synthetic arsenic ground water samples 
were prepared by using As2O3 (99.99% pure, Sigma 
Eldrich) and Na2HAsO4.7H2O(99.99% pure Sigma 
Eldrich) analytical or higher grade reagents to 
produce As(III) and As(V) solutions.The aggregates 
of carbonates, hardness, pH, and conductivity in the 
synthetic groundwater resources are also in the level 
of 48 mg L-1, 120 mg L-1, 7.8-8.2, and 418 µS cm-1. 
For each experiment's analysis, the intermediate and 
secondary standards of arsenic solutions were also 
prepared for each experiment analysis.

Electro-coagulation; Experimental set up
	 EC iron electrodes reactor shows a scheme 
setup of bench scale experimental setup.The 15 L 
PET polymer used in the EC reactor was covered 
with a hard wood top that had solar panels on it, 
containing two sets of (02) Fe sacrificial electrodes. 
The dimensions of electrodes were found to be 
252 cm × 52 cm × 5 cm, the total immersed area 
of electrodes were 175 cm; the other sections of 
electrodes were wrapped with teflon water proof 
tape to avoid the loss of anode area. The electrodes 
in this reactor were organized in a cascade array 
to produce fluid turbulence, and the reactor had a 
sinuous shape. Distance between electrodes was 
found to be 25 cm. A magnet cell coupled pump was 
also used for maintaining constant agitation while as 
the measurement of cell potential and with the use 
of a DC-regulated power source; current density was 
kept constant47.

Methodology
	 Basic setup for the investigation depicted in 
Fig. 1 showed is used to conduct EC investigations for 
the removal of arsenic and generation of polymeric 
hydroxyl complexes were generated under various 
hydrodynamic conditions and 0.5 and 1.0 mAcm2 

of applied voltage. Two (02) cell stacks with iron as 
the sacrificial anode were installed in the reactor 
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unit. The effectiveness of removing arsenic was 
investigated in connection with the effects of pH 
and current density along with amount of energy 
required for electrolysis. Each batch containing 
synthetic arsenic water which was first taken into first 
chamber i.e. water storage tank for the flocculation 
and clarification. Thereafter it is passed through feed 
check valve into the second chamber i.e.treatment 
chamber where electrochemical treatment of 
arsenic takes place. The final solution was mixed for  
30 min at a modest speed (25rpm) before being 
delivered to the processed zone for aggregate growth. 
Arsenic was next tested in the cleared solution that 
had formed after the particulates were permitted to 
dissolve in static solution for about one (01) hour48.

arsenic removal takes place with the passage of 
time for a pH range of 3.5 to 6.5. When the water 
pH is below about 8, ferric hydroxides are known to 
have a higher capacity for As (V) adsorption than 
As (III) adsorption. Based on this, As (III) might be 
oxidized to As (V), and arsenic might then exist as 
HAsO4. Since its molecular charge was negative, it 
electrostatically attracted positively charged metal 
hydroxides, removing arsenic from solution with high 
efficiency and ease. In studies, operating at current 
density of 0.54 A was favoured because it was more 
cost-effective50. The quantity of arsenic reaches 
its lowest point after 1.5 hours. As seen in Fig. 2. 
The arsenic removal from batch of 500ppb and pH 
range from 3.5 to 6.5 shows that the concentration 
of arsenic decreases as time elapses and almost 
same results obtained at about 90 minutes duration 
as shown in Figure 3.51

Fig. 1. Experimental setup for electro-coagulation 
Reactor. 1. Water Storage tank, 2. Treatment Chamber, 3. 
Connecting water Tube, 4. Feed check valve, 5. Air pump 
and rotator, 6. Ameter, 7. Regulator, 8. Voltmeter, 9. Solar 

Panel, 10. Electrode, 11. Outlet Valve, 12. Filter

Analytical procedure
	 Arsenic concentration of water samples 
were carried out as per the procedure stated 
in standard methods for water and waste water 
analytical methods (APHA)49. The samples' arsenic 
contents were assessed with an atomic absorption 
spectrophotometer (ELICO India, Model SL168) 
equipped with anhydride generator. Investigations 
of conductivity and pH have been made using 
calibrated cyber scan (pH6500) instrument. All 
chemicals used during analysis were of analytical 
or higher-grade reagent.

Results and discussion

Effect of current density
	 Figure 2 shows that for a 0.5 A (12V) current 

Fig. 2. Impact of Current density

Fig. 3. Removal of Arsenic at 1.0 Amp and pH

Effect of pH 
	 Variation of pH with time at 1A current for 
varied pH levels, such as 3.5 and 6.5 and 8.5 pH 
values shows that the pH reaches to the constant 
as current of 1A is made to flow for time span of  
30 min duration Fig. 4. Because the major As (III) 
species H3AsO3 (pKa=9.2) is uncharged at pH 
1-7, which could have a detrimental effect on the 
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efficacy of the arsenic removal process, the As 
(III) adsorption is better at a high pH. However, for 
As(V), its removal is generally more effective at a 
low pH since the adsorption effectiveness declines 
as the amount of H2AsO4 (pKa=7) in the aqueous 
solution drops.52

For different concentration of Arsenic at 6.5pH 
1-	 For 500ppb, there is sudden decrease in 

concentration with respect to time.
2-	 For 200ppb the arsenic concentration 

decreases with almost steady rate for about 
50 mins, reaches to zero in an hour.

3-	 Since there is a significant decline in arsenic 
concentration with time for 100 ppb, it can be 
inferred that the higher the precipitate, the 
faster the decline in arsenic concentration at 
6.5 pH, as shown in Figure 5.

values of the solution affect how effectively arsenic 
is removed. The efficiency curve for a fixed initial 
concentration of 100 ppb of arsenic reveals that 
as pH is increased, efficiency initially declines until 
it reaches a minimum at pH 6, and then gradually 
increases at about the same rate as it had decreased 
shown in Fig. 7.55–57 from pH 5 to 8, the ultimate 
elimination efficiency was unaffected, even if the 
elimination of arsenic is poorer at greater pH levels. 
Less levels of soluble arsenic could be attained once 
significant amounts of lepidocrocite were generated 
to act as arsenic adsorption sites. Furthermore, 
it was stated that pH had little effect on the final 
effectiveness of arsenic removal.58

Fig. 4. Variation of pH and time

Fig. 5. Effect of initial Arsenic concentration

Effect of electrode spacing
	 Figure 6, illustrates how the amount 
of arsenic removed varies with changes in the 
inter electrode spacing. This result was achieved 
for an initial concentration of 500ppb, and the 
treatment period for arsenic removal was set at  
90 minutes.53-54 It also reveals that electrode spacing 
causes a drop in arsenic concentration. The pH 

Fig. 6. Electrode spacing

Fig. 7. Removal Efficiency of Arsenic

Conclusion

	 Arsenic can be removed from water using 
the developing technology of electrocoagulation 
since, it requires fewer chemicals, produces less 
sludge, doesn't require mixing chemicals, and has 
lower operating costs than most of the existing 
technologies. The coagulation process can be used 
as an effective arsenic removal process for surface 
and groundwater another advantage of this process 
is that it frequently avoids the need for substantial 
influent and chemical input pre-treatment or 
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conditioning. In the current study, the electrochemical 
oxidation method for removing arsenic from water 
employing iron as a sacrifice anode in an EC reactor 
was carefully examined. Additionally, pH, removal 
efficiency, and current density and their impacts were 
also studied during EC process. After arsenite was 
converted to arsenate, the arsenic was removed. 
Arsenate elimination by the Adsorption on metal 
hydroxides produced during the operation might 
be a part of EC. The final sample's concentration 
of arsenic is within the acceptable range of 50ppb. 
This method, which uses different technologies for 
arsenic removal, can be a financially advantageous 
one because it requires little initial investment, 
minimal operating and maintenance expenses, and 
uses less energy. During the electro-dissolution of 

iron in the EC reactor, there was no oxygen evolution. 
It showed how easily the test rector could be used 
for EC in addition to easy scale-up.
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