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Electrochemical Coagulation for Chromium
Removal: Process Optimization, Kinetics, Isotherms
and Sludge Characterization

This study presents an electrochemical coagulation process for the removal of chro-
mium from water using magnesium as the anode and galvanized iron as the cathode.
The effects of pH, current density, concentration, temperature, adsorption kinetics
and adsorption isotherms on chromium removal were investigated. The results
showed that an optimum removal efficiency of 98.6% was achieved at a current den-
sity of 0.2 AJdm? and a pH of 7.0. The adsorption kinetics showed that the first order
rate expression fitted the adsorption kinetics. The equilibrium isotherm was meas-
ured experimentally. Results were analyzed by Langmuir, Freundlich, Dubinin-
Redushkevich and Frumkin isotherms using linearized correlation coefficients. The
characteristic parameters for each isotherm were determined. The Langmuir adsorp-
tion isotherm was found to fit the equilibrium data best for chromium adsorption.
Temperature studies showed that adsorption was endothermic and spontaneous in
nature.
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1 Introduction

The excessive release of heavy metals into the environment is a
major concern worldwide for the last few decades [1]. Many indus-
tries release huge quantities of wastewater containing heavy metals
and it is well known that some metals can have poisonous or other-
wise harmful effects on many forms of'life [2, 3]. Among them, chro-
mium (Cr® and Cr*) has become a serious health concern due to its
release into the environment. Exposure to chromium causes cancer
in lungs and may cause epigastria pain, vomiting and severe diar-
rhea [4, 5]. Chromium is released into the aquatic environment
from electroplating, metal finishing, tannery, chromate prepara-
tion and fertilizer industries, and from industries that employ chro-
mium compounds as corrosion inhibitors [6]. The leather industry
in particular generates a large quantity of polluting wastewater
from the tanning of animal skins and hides, which contains about
30-35% of initial tanning salt [7]. These usually contain metal ion
concentrations much higher than the permissible levels and do not
degrade easily into harmless end products [8]. Due to the high toxic
effect of chromium on human health, the USEPA has set the maxi-
mum contaminant level of 100 ug/L for chromium in drinking
water [9]. The Indian Government's Ministry of Environment and
Forests (MOEF) has set Minimal National Standards (MINAS) of 2.0
mg/L for the safe discharge of effluents containing chromium metal
ions into surface waters [10]. The World Health Organization (WHO)
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has set the maximum permissible level of 0.05 mg/L for chromium
in drinking water.

Conventional methods for removing heavy metal ions include
chemical precipitation, chemical oxidation or reduction, filtration,
ion exchange, membrane technology and electro dialysis [11-17|.
However, these processes have considerable disadvantages includ-
ing incomplete metal removal, requirements for expensive equip-
ment and monitoring systems, high reagent and energy require-
ments or the generation of toxic sludge or other waste products
that require disposal. During the last few decades electrochemical
water treatment technologies have undergone rapid growth and
development [18 - 24]. One of these technologies that could compete
with the conventional chemical coagulation process is electro-
chemically assisted coagulation. The electrochemical production of
destabilization agents brings about charge neutralization from pol-
lutant removal and has been used for water or wastewater treat-
ment. Usually iron and aluminum plates are used as electrodes in
the electro coagulation process followed by an electro sorption proc-
ess [25]. Electrochemically generated metallic ions from these elec-
trodes undergo hydrolysis near the anode to produce a series of acti-
vated intermediates that are able to destabilize the finely dispersed
particles present in the water and waste water to be treated. The
advantages of electrocoagulation include high particulate removal
efficiency, a compact treatment facility, and the possibility of com-
plete automation [26 -28]. This technique does not require supple-
mentary addition of chemicals and reduces the volume of sludge
produced.

i) When magnesium is used as the electrode, the reactions are as
follows:
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At the cathode:

2H,0+2e > H,(g)+2O0H" (1)
At the anode:

Mg —> Mg*+2e” (2)

In the solution:
Mg* (aq) + 2 H,O — Mg(OH), + 2 H" (aq) (3)

ii) When aluminum is used as the electrode, the reactions are as
follows:

At the cathode:

2H20+2€7—)H2 (g)"’ZOH? (4)
At the anode:

Al > A" +3 e (5)

In the solution:

Al** (aq) + 3 H,0 — Al(OH); + 3 H*(aq) (6)

This method is characterized by reduced sludge production, a
minimum requirement of chemicals, and ease of operation.
Although there are numerous reports related to electrochemical
coagulation as a means of removal of many pollutants from water
and wastewater, there is limited work on chromium removal by
electrochemical coagulation methods and its adsorption and
kinetics. Apart from the above, the main disadvantage in the case of
aluminum electrodes is the residual aluminum (the USEPA guide-
lines suggest maximum contamination of 0.05-0.2 mg/L) present
in the treated water due to cathodic dissolution. This will create
health problems like cancer. There is no such disadvantage in the
case of magnesium electrodes. This is because USEPA guidelines sug-
gest a maximum value of magnesium in water of 30 mg|L.

This article presents the results of laboratory scale studies on the
removal of chromium using magnesium and galvanized iron as
anode and cathode, respectively, by an electrocoagulation process.
To optimize the removal efficiency of chromium, different parame-
ters like the effect of initial concentration, temperature, pH and cur-
rent density were studied. In doing so, the equilibrium adsorption
behavior was analyzed by fitting models of the Langmuir, Freund-
lich, D-R, and Frumkin equation. The adsorption kinetics of the
electrocoagulants was analyzed using first and second order kinetic
models. The activation energy was evaluated to study the nature of
adsorption.

2 Experimental
2.1 Cell Construction and Electrolysis

The electrolytic cell (see Fig. 1) consisted of a 1.0 L Plexiglas vessel
that was fitted with a polycarbonate cell cover with slots to intro-
duce the anode and cathode, pH sensor, a thermometer and the
electrolytes. A magnesium sheet (Alfa Aesar) of surface area 0.02 m?
acted as the anode. The cathodes, galvanized iron (commercial
grade) sheets the same size as the anode, were placed at an interelec-
trode distance of 0.005 m. The temperature of the electrolyte was
controlled to the desired value with a variation of = 2 K by adjusting
the rate of flow of thermostatically controlled water through an
external glass cooling spiral. A regulated direct current (DC) was
supplied from a rectifier (10 A, 0-25V, Aplab model).
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Figure 1. Schematic diagram of the electrolytic cell. (1) DC Power Sup-
ply, (2) pH meter, (3) electrochemical cell, (4) cathodes, (5) anode, (6)
electrolyte, (7) outer jacket, (8) thermostat, (9) inlet for thermostatic
water, (10) outlet for thermostatic water, (11) PVC cover, (12) pH Sensor,
and (13) magnetic stirrer.

The chromium (K,Cr,0,) (Analar Reagent) was dissolved in dis-
tilled water to make the required concentration (5-25 mg/L). 0.90 L
of solution was used for each experiment, which was used as the
electrolyte. The pH of the electrolyte was adjusted, if required, with
1 MHCl or 1 M NaOH solutions before the adsorption experiments.

2.2 Analysis

The concentration of chromium was determined using an Atomic
Absorption Spectrophotometer (Varian, Spectra 220, USA) and a UV-
VIS Spectrophotometer with chromium kits (MERCK, Pharo 300,
Germany).

SEM and EDAX analyses of magnesium hydroxide were carried
out using a Scanning Electron Microscope (SEM) made by Hitachi
(model s-3000h).

The Fourier transform infrared spectrum of magnesium hydrox-
ide was obtained using Nexus 670 FTIR spectrometer made by
Thermo Electron Corporation, USA.

3 Results and Discussion

3.1 Effect of Current Density

Current density is the one of the most important factors in electro-
coagulation processes. To examine the effects of current density, a
serious of experiments were carried out using 5 mg/L of chromium
containing electrolyte at pH 7.0, with the current density varied
from 0.1 to 0.5 A/dm? The removal efficiencies of chromium were
95, 98.6, 98.8, 99 and 99.4% for current densities of 0.1, 0.2, 0.3, 0.4
and 0.5 A/dm? respectively. The results are presented in Tab. 1.
From the table it was found that beyond 0.2 A/dm? the removal effi-
ciencies remain almost constant, so further studies were carried out
at 0.2 A/dm? Further, the amount of chromium removal depended
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Table 1. Effect of current density on the removal of chromium from drink-
ing water.

SL. Current Concentration of Removal
No Density Chromium (mg/L) Efficiency
(A/dm?) (%)
Initial Final
1 0.1 5 0.25 95.0
2 0.2 5 0.08 98.6
3 0.3 5 0.06 98.8
4 0.4 5 0.05 99.0
5 0.5 5 0.03 99.4
99
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Figure 2. Effect of pH of the electrolyte on the removal of chromium. Con-
ditions: electrolyte concentration, 5 mg/L; current density, 0.2 A/dm?; tem-
perature, 303 K; duration, 4 h.

upon the quantity of adsorbent (magnesium hydroxide) generated,
which was related to the time and current density [29].

The amount of adsorbent [Mg (OH),| was determined using Fara-
day law:

E.=ItM|ZF (7)

where [ is current in A, t is the time (s), M is the molecular weight, Z
is the electron involved, and F is the Faraday constant (96485.3 cou-
lomb/mol). Hence, the amount of chromium adsorption increased
with an increase in adsorbent concentration, which indicates that
the adsorption depended on the availability of binding sites for
chromium.

3.2 Effect of pH

pH is one of the important parameters affecting the performance of
electrochemical processes. To explain this effect, a series of experi-
ments were carried out using 5 mg/L chromium containing solu-
tions, with an initial pH varying in the range of 2 to 12. The removal
efficiency of chromium increased with increasing pH up to 7. When
the pH was above 7, the removal efficiency should slightly decrease.
It is found that the maximum removal efficiency for chromium was
98.6% at pH 7 and the minimum efficiency was 95% at pH 2 (see
Fig. 2).
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Figure 3. Effect of agitation time on the amount of chromium adsorbed.
Conditions: current density, 0.2 A/dm?; pH of the electrolyte, 7.0; temper-
ature, 303 K; duration, 4 h.

The decrease in removal efficiency at more acidic and alkaline pH
was observed by many investigators [29] and was attributed to an
amphoteric behavior of Al(OH); which leads to soluble Al** cations
(at acidic pH) and to monomeric anions Al(OH)*~ (at alkaline pH). It
is well known that these soluble species are not useful for water
treatment. When the initial pH was kept neutral, all the aluminum
produced at the anode formed polymeric species (Al;304OH)7;) and
precipitated Al(OH); leading to better removal efficiency [29]. In the
present study, the electrolyte pH was maintained at neutral, so the
formation of Mg(OH), was more predominant (like aluminum), lead-
ing to greater removal efficiency.

3.3 Effect of the Initial Concentration of Chromium

To study the effect of initial concentration, experiments were con-
ducted at varying initial concentrations from 5-25 mg/L. The
adsorption of chromium increased with an increase in chromium
concentration and remained constant after equilibrium time as
depicted in Fig. 3. The equilibrium time was 120 min for all of the
concentrations studied (5-25 mg/L). The amount of chromium
adsorbed (q.) increased from 4.65 to 22.68 mg/g of Mg(OH),, as the
concentration increased from 5 to 25 mg/L. The figure also shows
that the adsorption was rapid in the initial stages and gradually
decreased with the progress of adsorption. The plots are single,
smooth, and continuous curves leading to saturation, suggesting a
possible monolayer coverage of chromium on the surface of the
adsorbent [30].

3.4 Adsorption Kinetics

The adsorption kinetics data of chromium was analyzed using the
Lagergren rate equation. The first order Lagergren model is [30, 31]:

dq/dt =k (q. - qv) (8)
where g, is the amount of chromium adsorbed on the adsorbent at

time t (min) and k, (min !) is the rate constant of first order adsorp-
tion. The integrated form of the above equation with the boundary

www.clean-journal.com



12 S. Vasudevan et al.

Clean 2010, 38(1), 916

Table 2. Comparison between the experimental and calculated g, values for different initial chromium concentrations using first and second order

adsorption isotherms at 305 Kand pH 7.

First Order Second Order
Concentration (mgfL) ge(mg/g)” Ki(min g/mg)”  q.(mg/g) R? Ki(min-g/mg)”  q.(mg/g) R?

5 465 0.0077 465 0.9616 0.0031 427 0.9800
10 9.34 0.0070 9.35 0.9618 0.0018 8.67 0.9984
15 13.97 0.0083 13.98 0.9599 0.0017 13.31 0.9923
20 18.60 0.0087 18.61 0.9777 0.0018 18.15 0.9978
25 22.68 0.0092 22.69 0.9505 0.0046 21.96 0.9977

3 Experimental.
Y Calculated.
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Figure 4. First order kinetic model plot of different concentrations of chro-
mium. Conditions: current density, 0.2 A/dm? temperature, 303 K; pH of

the electrolyte, 7; duration, 4 h.

conditionst=0to >0 (q=0to> 0)is rearranged to obtain the follow-
ing time dependence function:

log(qe - g =10g(ge) ~ k1 /2.303 )

where ¢, is the amount of chromium adsorbed at equilibrium. g.
and k;, were calculated from the slope of the plots of log(q. — q.) ver-
sus time t (see Fig. 4). The straight line obtained from the plots sug-
gests the applicability of this kinetic model. It was found that the
calculated g. value agreed with the experimental g.values.

The second order kinetic model is expressed as [32]:

dg/dt=k:(qe ~ g (10)

where k, is the rate constant of second order adsorption. The inte-
grated form of Eq. (10) with the boundary conditiont=0to>0(q=0
to>0)is:

1/(qe = qr) = 1/qe+ K« (11)
Equation (11) can be rearranged and linearized as:
£/qe=1[kz g* + t/qe (12)

The second order kinetic values of g. and k, were calculated from
the slope and intercept of the plots t/q versus t. Table 2 depicts the
computed results obtained from first and second order kinetic
model. The calculated g. values agree better with the experimental
g values for the first order kinetic model than for the second order
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kinetic model. These results indicate that the adsorption system
belongs to the first order kinetic model.

3.5 Adsorption Isotherms

The adsorption capacity of the adsorbent was tested using Freund-
lich, Langmuir, Dubinin-Redushkevich and Frumkin isotherms.
These models have been widely used to describe the behavior of
adsorbent-adsorbate couples. To determine the isotherms, the ini-
tial pH was kept at 7 and the concentration of chromium was varied
in the range of 5-25 mg|L.

(i) Freundlich isotherm

The general form of Freundlich adsorption isotherm is repre-
sented by Eq. (13) [33]:

g =K (13)

The expression in Eq. (13) can be linearized in logarithmic form
and the Freundlich constants can be determined as follows [34]:

log g. = logks+n logCe (14)

where k; is the Freundlich constant related to the adsorption
capacity, n is the energy or intensity of adsorption and C. is the equi-
librium concentration of chromium (mg/L). To determine the iso-
therms, the chromium concentration used was 5-25 mg/L at an ini-
tial pH 7. The Freundlich constants krand n values were 0.9519 mg/g
and 1.011 L/mg, respectively. It has been reported that values of n
lying between 0 and 10 indicate favorable adsorption. From analysis
of the results it was found that the Freundlich plots fit satisfactorily
with the experimental data obtained in the present study. This
agrees well with results presented in the literature [35].

(ii) Langmuir isotherm

The linearized form of the Langmuir adsorption isotherm model
is given by Eq. (15) [36]:

Cel@e=1/qob + Celdo

where C. is the concentration of the chromium solution (mg/L) at
equilibrium, g, is the adsorption capacity (mg/g) and b is the energy
of adsorption (L/mg). Figure 5 shows the Langmuir plot (1/C. versus
1/q.) using the experimental data. The value of the adsorption
capacity g, was found to be 2421.31 mg/g, which was higher than
that of other adsorbents studied.

The essential characteristics of the Langmuir isotherm can be
expressed as the dimensionless constant R [37].

Ri=1/(1+bC,)

(15)

(16)

where R; is the equilibrium parameter, C, is the initial chromium
concentration and b is the Langmuir constant. It is well known that
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Figure 5. Langmuir plot (1/C. versus 1/g.). Conditions: pH of the electro-
lyte, 7.0; current density, 0.2A/dm? temperature, 303 K; concentration,
5-25 mg/L.

Table 3. Constant parameters and correlation coefficients calculated for
different adsorption models at different temperatures for Cr(VI) adsorp-
tion.

Isotherm Constants
Langmuir  Qy(mg/g) b(L/mg) R, R?
242131  0.00039  0.9894(5mg/l) 0.9999
- 0.9815(10mg/L) -
- 0.9743 (15mg/L) -
- 0.9643 (20mg(l) -
- 0.8959 (25mg(L) -
Freundlich K;- n(L/mg) R? -
0.9519 1.011 0.9866 -
D-R gs(+10° B(-10° E (kJ/mol) R?
mol/g) mol?/kJ?)
3.741 2.264 25.51 0.9531
Frumkin a Ink -AG (kJ/mol) R?
-6.32 19.36 32.63 0.9781

the R, values indicate the type of isotherm: irreversible (R, = 0), favor-
able (0 < R, < 1), linear (R, = 1) or unfavorable (R, > 1). In present
study, the R; values were found to be between 0 and 1 for all the con-
centrations of chromium studied (5-25 mg/L). The results are pre-
sented in Table 3.

(iii) Dubinin-Radushkevich (D-R) Isotherm

The Dubinin-Radushkevich (D-R) isotherm is represented by:

ge=gsexp(-B&’) (17)

where e =R T1n (1 + 1/C.), B is related to the free energy of sorption
and gs is the Dubinin-Radushkevich (D-R) isotherm constant [38].
The linearized form of the Eq. (17) is:

Inge=Ing;— 2BRTIn(1+1/C) (18)

The isotherm constants of g,and B are obtained from the intercept
and slope of the plot of Ing. versus e* [39]. The constant B gives the
mean free energy E of adsorption per molecule of adsorbate when it
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is transferred to the surface of the solid from infinity in the solu-
tion, and the relationship is given as:

E=(1/v2B (19)

The magnitude of E is useful for estimating the type of adsorption
process. It was found to be 25.51 kJ/mol, which was bigger than the
energy range of the adsorption reaction of 8-16 kJ/mol [40]. So the
type of adsorption of chromium on magnesium was defined as
chemical adsorption.

(iv) Frumkin equation

The Frumkin equation can be expressed as:

0/(1 - B)e 2=k C. (20)

where 0 = ge/qm, g is the adsorption capacity at equilibrium (mg/g),
and g, is the theoretical monolayer saturation capacity (mg/g).
The linearized form is given as:

In((0/(1 - 0))1/C)=Ink+2a0 (21)

The parameters a and k were obtained from the slope and inter-
cept of the plot In ((6/(1-0))1/C.) versus 0. The constant k is related to
adsorption equilibrium.

Ink=-AGRT (22)

The Frumkin equation has been specifically developed to take lat-
eral interaction into acccount. The term e % in Eq. (20) reflects the
extent of lateral interaction; a > 0 indicates attraction, while a < 0
means repulsion [41]. In the present study, it was found that a > 0,
indicating attraction. The results are presented in Tab. 3.

The correlation coefficient values of the different isotherm mod-
els are listed in Tab. 3. The Langmuir isotherm model had the high-
est regression coefficient (R? = 0.999) when compared to the other
models. The value of R; for the Langmuir isotherm was calculated
from 0 to 1, indicating favorable adsorption of chromium.

3.5 Effect of Temperature

The amount of chromium adsorbed on the adsorbent increased by
increasing the temperature, indicating the process to be endother-
mic. The diffusion coefficient (D) for intraparticle transport of chro-
mium species into the adsorbent particles has been calculated at dif-
ferent temperatures by:

ti2=0.03 x r2[D (23)

where t;, is the time of half adsorption (s), 1, is the radius of the
adsorbent particle (cm), and D is the diffusion coefficient in cm?[s.
For all chemisorption systems the diffusivity coefficient should be
107° to 107 ** cm?/s [42]. In the present work, D was found to be in
the range of 10 ' cm?/s. The pore diffusion coefficient (D) values for
various temperatures and different initial concentrations of chro-
mium are presented in Tab. 4.

To find out the energy of activation for the adsorption of chro-
mium, the second order rate constant is expressed in Arrhenius
form [43].

Ink,=1nk, - ERT (24)

where k, is the constant of the equation (g/mg min '), E is the energy
of'activation (J/mol), R is the gas constant (8.314 J/mol K), and T'is the
temperature in K. Figure 6 shows that the rate constants varied with
temperature according to Eq. (24). The activation energy (0.396 K]/
mol) was calculated from the slope (logk, versus 1/T) of the fitted
equation. The thermodynamic parameters such as free energy
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Figure 6. Plot of log k- and 1/T. Conditions: pH of the electrolyte, 7.0; cur-
rent density, 0.2 A/dm?; temperature, 303 K; concentration, 5—25 mg/L.

Table 4. Pore diffusion coefficients for the adsorption of iron at different
concentrations and temperature at pH 7.0.

Pore Diffusion Constant,
D+ 107 (cm?[s)

Temperature (K)

313 1.200
323 1.125
333 1.000
343 0.947

Concentration (mgjfL)

5 1.385
10 1.200
15 1.000
20 0.857
25 0.750

change (AG®), enthalpy change (AH?) and entropy change (AS°) were
calculated using the following relationships:

AG=-RTInK. (25)

where AG® is the change in free energy (KJ/mol), K. is the equilibrium
constant, R is the gas constant and T is the temperature in K. The K.
and AG values are presented in Tab. 5. From the table it was found
that the negative value of AG® indicates the spontaneous nature of
adsorption.

Other thermodynamic parameters such as entropy change (AS°)
and enthalpy change (AH°) were determined using the van't Hoff
equation:

InK. = (AS°R) - (AH°/RT) (26)

The enthalpy change (AH° = 372.3 J/mol) and entropy change (AS°
=1.233 J/mol. K) were obtained from the slope and intercept of the
van't Hoff linear plots of InK.versus 1/T (see Fig. 7). A positive value
of enthalpy change (AH®) indicated that the adsorption process was
endothermic in nature and the negative value of change in internal
energy (AG°) showed the spontaneous adsorption of chromium on

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 5. Thermodynamic parameters for the adsorption of chromium.

Temperature K. AG° AH° AS°
(K) (KJ/mol) (KJ/mol) (J/mol K)
313 1.0050 -13.0793 - -
323 1.0098 -26.1453 0.3723 1.233
333 1.0143 -39.2028 - -
343 1.0185 -52.3002 - -

0.020

0.018 4

0.016

0.014

0.012
x’ ]
£ oot0-

0.008

0.006

0.004

1 T M I ' T T ] M ] M ] M
000220 0.00295 0.00300 0.00305 000310 0.00315 0.00320
1K)

Figure 7. Plot of In K; and 1/T. Conditions: pH of the electrolyte, 7.0; cur-
rent density, 0.2 A/dm?; temperature, 303 K; concentration, 5—25 mg/L.

the adsorbent. Positive values of entropy change (AS°) show the
increased randomness of the solution interface during the adsorp-
tion of chromium on the adsorbent (see Tab. 5). The enhancement
of adsorption capacity of the electrocoagulant at higher tempera-
tures may be attributed to an enlargement of pore size and/or acti-
vation of the adsorbent surface.

Using the Lagergren rate equation, the first order rate constants
and correlation coefficient were calculated for different tempera-
tures (305-343 K). The calculated g. values obtained from the first
order kinetics agrees with the experimental g. values better than
the second order kinetic model. Table 6 depicts the computed
results obtained from first and second order kinetic models. These
results indicated that the adsorption followed first order kinetics at
the different temperatures used in this study.

3.6 SEM, EDAX and FTIR Analysis

Figure 8 shows the scanning electron microscope (SEM) image of
the anode after treatment. The SEM image indicated the presence of
fine coagulant particles on the surface.

EDAX analysis was used to analyze the elemental constituents of
chromium adsorbed magnesium hydroxide, and the results are
shown in Fig. 9. It shows the presence of chromium in the spectrum
other than the principal elements Mg and O. EDAX analysis pro-
vided direct evidence that chromium was adsorbed on the magne-
sium hydroxide. Other elements detected in the adsorbed magne-
sium hydroxide come from adsorption of the conducting electro-
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Table 6. Comparison between the experimental and calculated g. values for an initial chromium concentration of 5 mg/L using first and second order

adsorption isotherms at various temperatures (pH 7).

First Order Second Order
Temperature (K) Qe K Qe R? K Qe R?
(mg/g)” (ming/mg)”  (mglg) (ming/mg)”  (mgfg)
313 4.65 0.0078 4.65 0.9604 0.0073 4.44 0.9934
323 4.64 0.0078 4.64 0.9610 0.0049 4.34 0.9858
333 4.63 0.0078 4.63 0.9609 0.0048 4.37 0.9916
343 4.57 0.0077 4.57 0.9637 0.0079 4.74 0.7986
3 Experimental.
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Figure 8. SEM image of the anode after treatment.
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Figure 9. EDAX spectrum of chromium-adsorbed magnesium hydroxide.

lyte, chemicals used in the experiments, alloying and the scrap
impurities of the anode and cathode.

Figure 10 presents the FI-IR spectrum of chromium-magnesium
hydroxide. The sharp and strong peak at 3698.07 cm™ was due to the
O-H stretching vibration in the Mg(OH), structures. The peak at
1639.72 cm ™! indicated the bending vibration of H-O-H. A broad
absorption band at 3448.60 cm ™' implied the transformation from
free protons into a proton-conductive state in brucite. The strong
peak at 475.51 cm ™! was assigned to the Mg-O stretching vibration.
The spectral data was in good agreement with the reported data
|44]. Mg-Cr was observed in -OH stretching region.
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Figure 10. FTIR spectrum of chromium-adsorbed magnesium hydroxide.

4 Conclusions

The results showed that an optimized removal efficiency of 98.6%
was achieved at an optimum current density of 0.2A/dm? and pH of
7.0 using magnesium as the anode and galvanized iron as the cath-
ode. The adsorption of chromium preferably fitted the Langmuir
adsorption isotherm suggesting monolayer coverage of adsorbed
molecules. The adsorption process followed first order kinetics.
Temperature studies showed that adsorption was endothermic and
spontaneous in nature.
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