
Removal of organics from metalworking fluids (MWFs) by batch
electrocoagualtion process using iron electrodes

INTRODUCTION

Metal finishing industries, metal processing indus-
tries, iron & steel manufacturing industries, electroplat-
ing industries etc produce a large volume of high strength
MFWs that cause serious environmental problems. The
effluents from these industries occupy the fifth rank with
respect to discharging pollutants into local water bod-
ies and sewage systems[1, 2]. The MFWs which are char-
acterized by a high organic load, dark color, low pH
and low biodegradability index cannot be treated by
biological methods[3]. India has a large number of metal
processing industries that generate huge million liters of
wastewater annually. The metalworking fluids (MWFs)
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contain various pollutants (biocides, corrosion inhibi-
tors, extreme pressure and anti wear agents, emulsifi-
ers and surfactants) and have a high Biochemical Oxy-
gen Demand (BOD), Chemical Oxygen Demand
(COD), Total Organic Carbon and a dark colour[4].

Various methods are practiced for the last two de-
cades to treat the effluent. Techniques such as chemical
coagulation, precipitation, co-precipitation, air flotation,
flocculation, adsorption, ion exchange processes, mem-
brane processes, biological processes, phytoextraction,
extraction, ozone oxidation and electrochemical pro-
cesses are widely used for effluent treatment[5-8]. Elec-
trochemical coagulation is one of the process that can
be employed to treat any kind of wastewater such as
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ABSTRACT

This study elucidates the reduction of organics from metalworking fluid
(MWFs) through batch electrocoagulation (EC) reactor using iron elec-
trodes. The effect of the working parameters, such as current density (0.8-
3.0 A/dm2) and electrolysis time (330 min) were investigated in this system
to achieve a maximum chemical oxygen demand (COD) and color removal
efficiency for MWFs effluent. A constant current density of 0.8 A/dm2 was
maintained throughout the process. During EC treatment the pH increases
and reaches a maximum of 6.8 at 210 min where maximum COD and color
removal efficiency of 85% and 95% respectively; were observed. The re-
sults were analyzed using kinetics models and a high coefficient of determi-
nation value (R2=0.9948) for first-order regression model was observed.
This study shows that EC technique can be employed to treat MWFs and
reduce the pollutant load before biological treatment process to meet the
discharge standards. The results suggest an important role of these param-
eters in electrochemical process for removal of organic pollutants.
 2011 Trade Science Inc. - INDIA
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electroplating wastewater[9], pharmaceutical wastewa-
ter[10], petrochemical wastewater[11], municipal waste-
water[12], paper and pulp wastewater[13], brackish wa-
ter[14], portable water, oil mill wastewater, nitrite efflu-
ent, textile dyes, agro industries wastewater, laundry
wastewater etc[15]. Electrocoagulation (EC) proves to
be an ideal technique for effluent treatment because of
its versatility, energy efficiency, amenability, cost effec-
tiveness[16] and environmental compatibility[17].

During EC process it produces a series of active
ionic species like Fe2+ and Fe3+ that destabilize fine dis-
persed particles in the solution and these destabilized
particles are aggregated to form floc[18, 19]. These Ferric
ions have a distinct advantage over aluminum ions (Al3+)
because of its harmless property and are not toxic like
aluminum ions[20].

The dissolved contaminants present in the effluent
are removed by sorption, coagulation and other pro-
cesses by applying electric current[21, 22]. Electrocoagu-
lation (EC) is not only used for removing COD but also
a wide range of pollutants from various synthetic and
industries effluents[23, 24]. However there are only few
studies about EC treatment of metal processing efflu-
ent. Muszyñski et al[4] observed a maximum COD re-
moval of 82% for spent MWFs. Kabdasli et al[25] in his
study, attained a maximum TOC and organic removal
of 66% for electroplating effluent by using stainless steel
electrodes with an applied current density of 9mA/cm2.

The objective of the present study is to investigate
the COD and color reduction of MWFs in a batch EC
reactor using iron electrodes. The effect of several pa-
rameters, namely current density, initial pH and elec-
trolysis time on COD and color removal efficiency were
studied and the kinetics of the EC process was also
analyzed.

MATERIALS AND METHODS

Metalworking fluid effluent

The spent MWFs used for the study, was collected
from a real metal processing/working factory (Chennai).
The effluent comprised of the exhausted emulsifiers, sur-
factants, oils & grease. The wastewater was charac-
terized using standard methods[26] and the waste water
characteristics such as COD, pH, total dissolved sol-

ids, BOD, dissolved salts and color are summarized in
TABLE 1.

TABLE 1 : Characterization of the MWFs

Parameter Value 

pH 1.5 

Conductivity 15.67 ms/cm 

Iron 6.54 mg/l 

Chemical oxygen demand 3400 mg/l 

Total hardness as CaCO3 570 mg/l 

Sodium 122 mg/l 

Potassium Nil 

Calcium 53 mg/l 

Copper Trace 

Magnesium 127 mg/l 

Sulphate 86 mg/l 

Experimental set-up: electoro coagualtion unit

The Electro coagulation unit consists of a cylindri-
cal reactor of height 9 cm and diameter 6 cm made of
glass. The electrolytic cell contains 2000 ml MWFs as
working liquid, fitted with a wooden cell cover with
slots to introduce the electrodes vertically. Mild steel
sheet of surface area 12cm2 is used as anode. A stain-
less steel cathode of the same dimensional was used. It
was placed at an inter-electrode distance of 1±0.2 cm.

Before electrolysis the electrode surface was cleaned
manually by abrasion with sand paper and treated with
0.1N sulphuric acid, followed by washing with pure
water, thereby activating the electrode surface by re-
moving impurities. After each experimental run, the EC
reactor and electrodes were cleaned with 50% (v/v)
nitric acid solution for 2-4 min and several times with
distilled water to remove the precipitated impurities such
as hydroxides. When the anode material consumption
reaches 8- 10% the electrode was renewed.

Experimental protocol

The effect of electrolysis time and current density
on percentage removal was analyzed. The electroco-
agulation experiments were run at room temperature.
TABLE salt was used commonly in EC to increase the
conductivity of the effluent and also to decrease the
power consumption of the process[27]. Hence in this
present investigation 2 gL-1 of sodium chloride was
added to the wastewater as supporting electrolyte.
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Effect of electrolysis time

To determine the effect of electrolysis time the ex-
periment was carried out at different time intervals (30,
60, 90, 120, 150, 180, 210, 240, 270 and 300min) by
maintaining a constant current density. In order to main-
tain uniform concentration the solution was constantly
stirred at 300 rpm with a magnetic stirrer. Regulated
direct current was supplied to the electrode from a rec-
tifier in mono-polar mode to maintain a constant cur-
rent density of 0.8 A/dm2. The electrolyzed samples
were collected and centrifuged at 4000 rpm for 15 min.
The supernatant was filtered using Whatmann No.1 fil-
ter paper of pore size 11 micron and percentage re-
moval was calculated.

Effect of current density

The current density was varied from 0.8 to 2.6 A/
dm2 and the effluent was treated for an hour as men-
tioned earlier.

Analytical techniques

COD, pH and color were analyzed for the raw and
EC-treated MWFs in order to follow the process per-
formance. The COD was determined by the Open
Reflux Titrimetric method according to Standard Meth-
ods. The color removal measured by Spectrophotom-
eter (ELICO scanning mini SPEC SL177) and pH was
measured (STL AP-1PLUS). Percentage COD removal
was calculated using the following relationship[23].

i

fi

COD

CODCOD
removalCODPercentage

100)( 


i

fi

A

AA
removalcolourPercentage

100)( 


Where COD
i
 is the initial COD (mg/L) and COD

f

is the final COD (mg/L) after electrolysis time (min). A
i

is absorbance of the effluent before treatment and A
f 
is

the absorbance of the effluent after treatment at 580nm.

RESULT AND DISCUSSION

Effect of electrolysis time on COD and color re-
moval

EC process involves the generation of coagulants
in-situ by dissolving iron ions from iron electrodes. At
the anode Fe2+ ions were evolved by the electrochemi-

cal reaction; some of the Fe2+ ions were oxidized into
Fe3+ by the dissolved O

2 
in the solution. The free Fe3+

and Fe2+ ions from the anode combine with the free
OH- ions from the cathode to form Fe(OH)

2
 and

Fe(OH)
3.

The following reactions take place in the EC cell[28]

Anode reaction (oxidation): Fe  Fe2+ + 2e-

Cathode reaction (reduction):2H
2
O + 2e-  H

2 
+ 2OH-

Co-precipitation:Fe3+ + 3OH-  Fe (OH)
3

Fe2+ + 2OH-  Fe (OH)
2

Figure 1 : Effect of time on the COD removal

Figure 2 : Effect of color removal with respect to time
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Where Fe (OH)
3
 & Fe (OH)

2
 act as active coagu-

lating and co-precipitating agents in removing pollut-
ants from MWFs by adsorption and absorption or ei-
ther by complexation or electrostatic attraction, followed
by EC.

Figure 1 & 2 elucidate the change in removal effi-
ciencies during the treatment of MWFs by EC at dif-
ferent electrolysis time and a constant current density
of 0.8 A/dm2. It was observed that the percentage re-
moval increased with electrolysis time. COD and colour
removal efficiency reaches a maximum of 85% and 93%
respectively at 210 min. the process attained equilib-
rium at 210 min and on further increase in electrolysis
time no significant change in percentage removal was
observed.

Effect of pH

During the treatment process, the OH- ions liber-
ated at the cathode, due to the splitting of water mol-
ecules increases the pH of the working solution. The
pH increased with the electrolysis time and reached a
maximum of 6.8 as shown in Figure 3. With further in-
crease in electrolysis time the pH remained constant.

The initial pH of the effluent was 1.5. The effect of
pH on EC treatment was analyzed by varying the pH
using 1% NaOH. Experiments were carried out by vary-
ing the pH (2, 4, 6, 6.8, 8 and 10) and maintaining a

constant current density of 0.8 A/dm2. Figure 4 shows
a maximum COD removal efficiency of 85% at pH 6.8.
With further increase in pH the efficiency was found to
decrease.

Effect of current density

The current density is an important parameter in
electro coagulation processes. In the present investiga-
tion, to analyze the effect of current density on EC treat-
ment various samples of MWFs were treated for an
hour at different current densities (0.8, 1.0, 1.2, 1.4,
1.6, 2.0, 2.2, 2.4 and 2.6 A/dm2) and the COD was
measured. On a lesser value of current density the time
taken for COD reduction was much more than three
hours even though there appeared to be COD reduc-

Figure 3 : Effect of Electrolysis time on pH

Figure 4 : Effect of pH on COD removal

Figure 5 : Effect of current density on the removal of COD.
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tion of 12-25%. Hence experiments were conducted
for a value of 0.8 and above. Figure 5, clearly indicates
that with increase in current density the removal per-
centage increases and it reaches a maximum of 60% at
a current density of 2.2. A further increase in current
density only resulted in power loss due to heat genera-
tion without any increase in removal efficiency.

Kinetic studies

Zero, first and second order models were used to
evaluate the kinetic of the COD removal in the electro-
chemical process. The Zero-Order kinetic model is ex-
pressed as
Co- Ko t = C (1)

Where C (mg/l) is the concentration of COD at
time t; Co (mg/l) is the initial concentration of COD; K

0

(mol L-1min
 
-1) is the zero-order rate constant

The first order model is expressed as
ln (C

o
/C) = K

1 
t (2)

Where, K
1
 (min

 
-1) is the first-order rate constant.

The kinetics of the process was further analyzed
using the second order relation. The second order ki-
netic model is expressed as[3]

(1/C) - (1/C
o
) = K

2 
t (3)

Where, K
2 
(L/ (mol min)) is the rate constant of

second order kinetic model. K
2
 and R2can be deter-

mined from the slope of the plot. The analysis of the
results from the Figure 6 shows that the R2 value is
close to one for the First-order kinetic model. Thus the
treatment of MFWs by EC follows first order kinetics.

CONCLUSION

The results show that maximum COD and color
removal of 85% and 93 % were achieved at a current
density of 0.8 (A/dm2) and electrolysis time of 210 min
using mild steel as the anode and stainless steel as the
cathode. The iron hydroxide generated in the cell re-
moves the COD present in the electroplating effluent
and reduces the COD concentration to 490 mg/L. the
pH of the working solution was found to increase with
increase in time and reaches a maximum of 6.8 at equi-
librium condition. The kinetic study shows that the treat-
ment of MWFs by EC follows First-order kinetics.
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