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Abstract

The removal of color from synthetic wastewater containing Congo red was experimentally
investigated using electrocoagulation process. The effects of operational parameters such as
current density, electrolysis time, electrolyte concentration, electrode distance, initial dye
concentration, initial pH and temperature on color removal efficiency were investigated in
this study. The tentative results showed that Congo red in the aqueous phase was removed
effectively by electrocagulation procedure. Optimum operating range for each of these
operating variables was experimentally determined. Under the conditions of an initial
dye concentration of 50mg/l, electrolysis time Smin, initial pH 7.5, current density 150A/
m?, sodium chloride concentration 10g/1, interelectrode distance 0.5 cm, the color removal
efficiency reached 98% when electrical energy consumption in this conditions for the
decolorization of the dye solution containing Congo red was 0.46 KWh/m?. Outcomes showed
that the first-order rate equation could be described correlation for the decolorization rate of
Congo red. The thermodynamic parameters, such as AH°, AS° and AG®, were also determined
and evaluated. Further the experimental data were tested with different adsorption isotherm
model to describe the electrocoagulation process.

Keywords: Electrocoagulation, Wastewater, Decolorization, Congo Red, Thermodynamic and

kinetic.

Introduction concentrations that they are discharged to
Many industries use dyes and pigments to the environment, are often nonpoisonous,

colourize their products. Some dyes with however, they give undesirable perspective
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to the water streams [1], whereas, some other
dyes are poisonous and carcinogen and cause
sever toxicity for aqueous microorganisms [2].
Dyes also can prevent from photosynthesis in
aqueous ecosystems by absorbing sunlight.
Sulfur dyes can rapidly reduce oxygen content
of the water and so, are harmful to aqueous
organisms [3]. Therefore, it is necessary to find
an effective method of wastewater treatment
in order to remove them from textile effluents.
A large range of physico-chemical processes
have been proposed :coagulation with
alum, ferric chloride, magnesium chloride
and lime or polymers [4], adsorption on
and mineral

activated carbon, polymer

sorbents or  biosorbents[5,6] chemical
oxidation [7,8] photolysis [9] photocatalytic
[13,14]

[15]

degradation[10-12]suspended

or supported photocatalysis and
electrophotocatalysis [16].

In this work we used an electrocoagulation
because more effective and rapid organic
matter separation than in coagulation; the
amount of chemicals required is small; the
operating costs are much lower than in most
conventional technologies [17].

EC technique uses a direct current source
between metal electrodes immersed in
polluted water. The electrical current causes
the dissolution of metal electrodes commonly
iron or aluminum into wastewater. The
metal ions, at an appropriate pH, can form

wide ranges of coagulated species and metal
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hydroxides that destabilize and aggregate the
suspended particles or precipitate and adsorb
dissolved contaminants [18].

The mechanism of removal of pollutants by EC
process using iron electrodes can be explained
as follows [19]. Iron upon oxidation in an
electrolytic system produces iron hydroxide,
Fe(OH), where n = 2 or 3. Two mechanisms
have been proposed for the production of
Fe(OH) .

Mechanism 1:

Anode:

4Fe(s) — 4Fe(aq)2+ + 8¢~ (1)
4 Fe(aq)2+ + 10 HZO(D + Oz(g) — 4Fe(OH)3(S) +
8H, 2)
Cathode:
8H(aq)+ +8e — 4H2(g) 3)
Overall:

4Fe +10HO + Oz(g) — 4Fe(OH), ~ 4Hz(g) “4)

Mechanism 2:

Anode:

Fe, — Fe(aqﬁ2+ +2e (5)
Fe(aq)2+ +2 OH(aq)‘ — Fe(OH)z(s) (6)
Cathode:

2H2O(l) +2e¢e — Hz(g) +2 OH(aq)’ (7)
Overall:

Fe(s) +2 Han) — Fe(OH)z(S) + Hz(g) (8)

The insoluble metal hydroxides of iron
by

complexation or electrostatic attraction. In

can remove dye molecules surface
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surface complexation, it is assumed that the

dye molecule can act as a ligand to bind a

Precipitation:

DYE+ Polymeric Fe

Adsorption:

[DYE- Polymeric Fe] s) + Fe(OH)3 sy — [Sludge]

The of the

adsorption process were determined from

thermodynamic parameters

the experimental data obtained at various

temperatures using the equations [25, 26]:

K,=q,/C, (13)

Lk, = AG°_ A’ aH (14)
RT R RT

AG=AH-TAS (15)

where K, is the distribution coefficient
for the adsorption, q, is the amount of dye
(mmol) adsorbed on the adsorbent per 1 of
solution at equilibrium, C, is the equilibrium

concentration (mmol/l) of the dye in solution,

DYE+ monomeric Fe —»

DYE+ Fe(OH)3 sy —» [Sludge]
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hydrous iron moiety with precipitation and

adsorption mechanisms [20-24]:

[DYE-monomeric Fe] ) 9)

— [DYE-Polymeric Fe] (s (10)
(11)

(12)

T is the absolute temperature, R is gas
constant, AG°, AH°, and AS° are Gibbs free
energy change, enthalpy change and entropy
change, respectively. The values of enthalpy
change (AHo) and entropy change (ASo) are
obtained from the slope and intercept of InKd
versus 1/T plots, which are calculated by a
curve fitting program.

Congo red (CR) or 1-naphthalenesulfonic
acid, 3,3'-(4,4'-biphenylenebis (azo)) bis
(4-amino-) disodium salt is a benzidine-
based anionic diazo dye prepared by coupling
tetrazotised benzidine with two molecules of

napthionic acid (Table 1).

Table 1. Structure of C.I. Congo Red.

Color index

Chemical structure
number

22120

Jmax (nm)  Chemical Class Myw (gmol )

497 Diazo 696.7
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This anionic dye can be metabolised to
benzidine, a known human carcinogen. Effluent
containing Congo red is largely produced from
textiles, printing, dyeing, paper, and plastic
industries etc. The treatment of contaminated
Congo red in wastewater is not straightforward,
since the dye is generally present in sodium salt
form giving it very good water solubility. Also,

the high stability of its structure makes it difficult
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to biodegrade and photodegrade [27]. In this
study electrocoagulation were tested to removal
of Congo red from wastewater to investigation
of the effect of operational parameters and

kinetics and thermodynamic study.

Experimental
Materials and Methods

The batch experimental cell is shown in Figure 1.

+ -
® 9

©

O :

Thermostatic Bath

Figure 1. Schematic representation of the electrocoagulation cell.

The conductivity of solutions was raised
up and adjusted in different values by the
addition of NaCl (Fluka, Switzerland). The
pH of the solutions was measured by pH meter
(Metrohm 654, Switzerland) and adjusted
by adding NaOH or HCl (Merck, Germany)
solutions. Iron plates were used as anode and
steel plates were used as cathode. Dimensions
of electrodes were 30mmx*x20mmx2mm so,
total areas (4) of these were 4.4x10~*m? and
the distance between two electrodes in EC cell
was 10mm in all experiments. The electrodes

were connected to a DC power supply (APS-

133, Iran) with galvanostatic operational
options for controlling the current density. The
current density (CD) was calculated through
the equation as follows:
CD=I(A)/2S . (M) (16)
Where I is the current (A) and S is surface area
of the electrode (m?).

In each run, 50 ml of the dye solution was
decanted into the electrolytic cell. At the

end of electrocoagulation, all samples were

allowed to settle for 20 min in a 50 ml vessel
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before any analysis. Neither centrifuging nor

filtration was performed.

Chemical analysis

The dye concentrations were determined
from their absorbance characteristics in
the UV-vis range (200-800 nm) with the
calibration method. For these measurements,
the maximum adsorption (A_ ) wavelength
of dyes was determined by measuring their
absorbance at various wavelengths (Table 1).

The calculation of color removal efficiency

after electrocoagulation treatment was
performed using this formula:
R(%) = COC_ € 100 (17)

[¢]

Where C, and C are concentrations of dye
before and after electrocoagulation in mg 1_,
respectively Electrical energy consumption
and current efficiency are very important
economical parameters in EC process like all
other electrolytic processes. Electrical energy
consumption per volume of treated effluent
(Wh m?) was also calculated using the Eq. 18:
E=VI/V, (18)
Where I is the average applied current (A),
V is the average cell voltage (V), t is the
electrolysis time (h), Vs is the solution volume

(m3).

Results and Discussion
Effect of current density on the efficiency of

color removal and energy consumption
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In all electrochemical processes, current
density is the most important parameter for
controlling the reaction rate within the reactor.
It is well known that the amount of current
density determines the coagulant production
rate, and adjusts the rate and size of the bubble
production, and hence affects the growth of
flocks [28, 29].

The amount of electrode material dissolved
or consumed during the electrocoagulation

process depends heavily on the current density

as described by the faraday’s law.

_ Mit

= ZEy (19)

Where, C is the concentration of iron ions
(g/1); M is the molecular weight (g/mol); I is
the current (A); t is time (S); Z is the number
of electrons involved in the redox reaction;
and F is the faraday’s constant.

To investigate the effect of current density
on the efficiency of color removal,
electrocoagulation process was carried out
using various current densities. Fig. 2 shows
the color removal percentage and electrical
energy consumption against current density

applied to the electrodes in the EC process.
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Figure 2. Effect of current density on the efficiency of color removal and energy consumption (C.D = 150
A/m?, d = 1cm, [NaCl] = 10 g/l, A= 4.4x10 * m?, [Congo red] = 50ppm, pH = 6.7, Vs= 50ml).

Raising current density causes a corresponding
increase in the oxidized iron production from
electrodes and electrical energy consumption
increase because base on the equation 18,
the current (I) and Voltas (V) increase. The
optimum current density of 150Am—2 was
used for the color removal from dye solution

containing Congo red.

Effect of time of electrolysis on the efficiency
of color removal and energy consumption
Reactive time also influences the treatment

efficiency of the electrochemical process.

Electrolysis time (¢) determines the production
rate of Fe** or Fe** ions from iron electrodes.
Figure 3 shows the relationship between the
color removal efficiency and electrical energy
consumption against the electrolysis time. The
color removal efficiency depends directly on
the concentration of hydroxyl and metal ions
produced on the electrodes and electrical energy
consumption depends directly on the time of
electrolysis following in Eq. 18. Therefore,
according to the results showed in Figure 3, the
optimum electrolysis time was 5 min for the

color removal from Congo red dye solutions.
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Figure 3. Effect of time of electrolysis on the efficiency of color removal and energy consumption (C.D = 150 A/m?
,d=1cm,[NaCl]=10 g/, A =4.4x10 * m?, [Congo red] = 50ppm, pH i= 6.7, Vs= 50ml).
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Effect of the electrolyte concentration on
the efficiency of color removal and energy
consumption

Table salt is usually employed to increase
the conductivity of the water or wastewater
to be treated. Solution conductivity affects
the current efficiency, cell voltage and
consumption of electrical energy in electrolytic
cells. Conductivity of dye solutions was
adjusted using NaCl in the range of 1-20 mg]l ™!
and the EC process treated these dye solutions.
The percentage of color removal and energy
consumption was measured as a function of

electrolyte concentration in solution. It was

found that with the addition of more NaCl to the
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dye solutions, the color removal rate increased
slightly. Probably this process occur because
the Na® and Cl° ions make cover solution
around the dye and adsorbent molecules and
lead to increase collision between them and
increase color removal percentage.

Increasing electrolyte  concentration in
solution resulted in the reduction of cell
voltages that caused a decrease in electrical
energy consumption.

These results have been shown for Congo
red in Figure 4. NaCl concentration in all the
experimental exceed to 10 mgl™ due high

color removal percentage and low electric

energy consumption.
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Figure 4. Effect of the electrolyte concentration on the efficiency of color removal and energy consumption (tgc =
5min, C.D =150 A/m? ,d = lcm, A = 4.4x10 ~* m?, [Congo red] = 50ppm , pH = 6.7, V5= 50ml).

Effect of the distance between electrode on
the efficiency of color removal and energy
consumption

The effect of interelectrode distance on the

removal efficiency and energy consumption

was examined at 0.5-2 cm. The effect of
interelectrode distance on the color removal
efficiency and electrical energy consumption
is shown in Figure 5. As it can be seen when

the interelectrode distance increases from
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0.5 to 1.5 cm, the color removal efficiency

decreases slightly. This process may be occur

M. H. Rasoulifard et al., J. Appl. Chem. Res., 8, 4, 123-142 (2014)

and this process lead to fast removal of iron

hydroxide flocks that adsorb dye molecules by

because less space between electrode that flotation.
make increase condense generated bubble
100 0.9
90 | 108 ¢
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o a0 f e
o 103 8
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Distance between electrodes (cm)

Figure 5. Effect of the distance between electrode on the efficiency of color removal and energy consumption (tgc =
5min , C.D = 150A/m?, [NaCl] = 10g/l, A = 4.4x10 “*m?, [Congo red] = 50ppm, pH i= 6.7, Vs= 50ml)

When the inter electrode distance increases to
2 cm, the color removal efficiency increases
slightly. That is due much space those iron
hydroxides motioned and make increase
collision between dye and iron hydroxide
flocks and lead to increasing adsorption
Also with

process. increasing  distance

between electrodes for constant current
density, consume Voltas and electrical energy
consumption increase. That is due to increase
resistance between electrodes with increase
solution volume between electrodes. So when
the electrode distance is 0.5 cm, could give
maximum color removal percentage with less

electrical energy consumption.

Effect of initial dye concentration on the
efficiency of color removal and decolorization
concentration

The dye solutions with different initial
concentrations in the range of 10-80 mg
I"! were treated by EC in optimized current
density and time of electrolysis values.
The initial dye concentration was plotted
against related color removal percentage and
decolorization concentration for Congo red

solutions (Figure 6).
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Figure 6. Effect of initial dye concentration on the efficiency of color removal and decolorization capacity (tec =
5min, C.D =150 A/m?, d = lcm, [NaCl] = 10g/1, A = 4.4x10 “* m?, pH = 6.7, Vs= 50ml).

According to the results, in same condition,
with increase initial dye concentration, the
amount of removal concentration (mg/l)
increase too, but generally, color removal
percentage decrease. Then amount of color
removal depend on initial dye concentration
because effective collision between adsorbent
and dye molecules increase and lead to
adsorption increase.

However, the increase of initial dye concentration
caused a steady increase in decolorization
capacity. Kobya et al. [22] and Daneshvar [30]
reported similar results for the decolorization of

reactive dye solutions by EC process.

Effect of initial pH on the efficiency of color
removal and final pH

It has been established that the influent pH
is an important parameter influencing the
performance ofthe EC process [30].To examine
its effect, the dye solution was adjusted to the
desired pH for each experiment by adding
sodium hydroxide or sulfuric acid solution.
Color of Congo red transfer in acidic medium
then UV-Vis spectrum of this dye at different
pH investigated and showed in Figure 7. A
for Congo red in the acidic medium and under

pH=5 changed and go higher wavelength.
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Figure 7. Effect of initial pH on the absorbance of Congo red solution in wavelength 200-800 (tgc = 5Smin, C. D =
150A/m?, d = 1lem, [NaCl] = 10g/l,, A = 4.4x10 * m?,[Congo red] = 50ppm. Vs= 50ml).

The color removal percentages for dye efficiency. Hence, there is no need for the
solutions with various initial pH values were addition of chemicals to change the initial pH
shown in Figure 8. The results revealed that values.

when pH of the dye solutions was between Figure 9 showed that pH of the initial solution

6.5 and 8, there was maximum color removal has to increase during in the EC process.
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Figure 8. Effect of initial pH on the efficiency of color removal (tEC = 5Smin, C. D = 150A/m2, d = lcm , [NaCl] =
10g/1, A =4.4x10 -4 m2,[Congo red] = 50ppm, VS= 50ml).
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Figure 9. Effect of initial pH on the final pH (tgc= 5min, C. D = 150A/m?, d = lcm , [NaCl] = 10g/l , A = 4.4x10 *

m?,[Congo red] = 50ppm, Vs= 50ml).

Determination of iron consumption

In EC process, anode oxidizes and generates
iron ions in solution that are Trans for iron
hydroxide. The concentration of iron ions
was determined by atomic adsorption system

in different times of electrolysis and medium

900

temperature. The result of Figure 10 showed
that the amount of iron concentration in
experimental is higher than theory amounts
that calculated from Eq. 19. It is because for
corrosion of iron in present of Na* and Cl-ions

and other reaction.

800
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g’ 700 A Iron(ll) Concentration (Theory)
= - i
E 600 Iron(lll) Concentration (Theory)
S 500 |
5
= 400
g
§ 300 |
A
S 200
o A - =
100 [ [
[]
0 n .
1] 1 2 3 4 5 6

Time of electrolysis (min)

Figure 10. Effect of time of electrolysis on concentration of iron in experimental and theory in EC reactor (C.D =

150 A/m?,d = lem , [NaCl] = 10g/l , A = 4.4x10 “m?, pH = 6.7, Vs= 50ml).

In addition, the calculated iron concentrations
at different temperature show in Figure 11. By
increasing medium temperature, amount of

generated iron particles have been increased in

linear form. Probably this is due to increase rate
of corrosion and later reaction. As temperature
hasn’t effect on the iron ions generated during

electrolysis according to faraday Eq. 19.
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Figure 11.Effect of temperature of medium on concentration of iron in EC reactor (C.D =150A/m? , tgc= 5min, d
= lcm, [NaCl] = 10g/l, A = 4.4x10 “*m? , pH = 6.7, Vs= 100ml).

The iron concentration determinate at initial
pH=6.7, after EC pH increase to 11. Also pFe
in solution is between 2 to 3. Then according
to Figure 12 we understand that Ferro and

ferric hydroxides is stable form of iron kind

in this condition in the present of oxygen
and absent of oxygen respectively. They are
adsorbed dye molecules and remove them
in flocks form in solution with floatation or

sediment or filtration.
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Figure 12. predominance-zone diagrams for (a) Fe(II) and (B) Fe (IIT) chemical species in aqueous solution.
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Effect of the Temperature on the efficiency of be of the increase of mobility and collision
color removal and energy consumption and of iron hydroxide flocks with dye molecules.
Thermodynamic studies On the other hand, at higher temperatures than
As shown in Figure 13, raise of temperature 50 °C the removal efficiency is decreased.
up to 50 °C, causes an increase in removal Because of the formation of unsuitable flocks

efficiency of Congo red. The reason could or increase of the solubility of precipitates.
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Figure 13. Effect of the Temperature on the efficiency of color removal and energy consumption (tec= 5Smin,C.D
=150A/m? , d = 1cm, [NaCl] = 10g/], A = 4.4x10 “*m?, [Congo red] = 50ppm, pH = 6.7, Vs= 100ml)
The amount of adsorption of Congored oniron AS° of Congo red adsorption were calculated
hydroxide flocks was measured in temperature by fitting the experimental data to Eq. (14) as
298-325 K. The plot of InKd versus 1/T is shown in Figure 14. The values of AGo were
shown in Figure 14. The values of AH° and obtained by using Eq. (15).

y =-14.468x + 48.721
R =0.9941

In K,

3.05 31 3.15 3.2 3.25 3.3 3.35 34

1000/T (1/K)

Figure 14. Plot of In kq versus 1/T for estimation of thermodynamic parameters. (tec = Smin,C.D=150A/m? , d =
Iecm, [NaCl] = 10g/1, A = 4.4x10 “*m?, [Congo red] = 50ppm, pH = 6.7, Vs= 100ml).
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The thermodynamic parameters for the
adsorption of Congo red on iron hydroxide
flocks are given in Table 2. As seen that the
adsorption process is spontaneous with the
negative values of AG®. The standard enthalpy

change (AH°) for the adsorption of Congo red

M. H. Rasoulifard et al., J. Appl. Chem. Res., 8, 4, 123-142 (2014)

on iron hydroxide flocks is positive indicating
that the process is endothermic in nature. The
positive value of AS° shows increased disorder
at the solid-solution interface during the

adsorption of dye.

Table 2. Plot of In kq versus 1/T for estimation of thermodynamic parameters (tec = Smin, C.D =150A/m? , d = lcm,
[NaCl] = 10g/l, A = 4.4x10 “*m?, [Congo Red] = 50ppm, pH = 6.7, Vs= 100ml).

AG (kJ/mol)
AH (kJ/mol) AS (J/mol) 298K 305K 313K 319K 325K
120.28 405.06 0.75 2.96 6.11 9.03 11.58
Congo red removal kinetics by the In(C/C)=kI, (21)

electrocoagulation process

The overall electrocoagulation process in
Congo red removal kinetics is described by
a macro-kinetics model. This model provides
preliminary data for evaluating the reaction
rate constants. The kinetic rate equation for
representing the removal rate in Congo red
concentration from the aqueous solution is

described by the following mth order reaction

kinetics:
dC/dt=—kCm (20)
Where C represents the Congo red

concentration, m is the order of reaction, & is
the reaction rate constant, and ¢ is the time.
For a first-order reaction, the above Eq. (20)

becomes:

The slope of the plot of In C/C, versus
time gives the value of the rate constant &,
min~'. Here, C, 1s the initial concentration in
milligrams per liter, C _is the concentration
value in milligrams per liter at time ¢, and t
is the time. For a second-order reaction, the
above Eq. (20) becomes:

1/C~1/C =kt (22)
The slope of the plotof (1/C~1/C,)) versus time
gives the value of the rate constant k,, 1/(mol.
min). The conformity between experimental
data and the model values was evaluated by
the correlation values (#?). As can be seen in
Table 3, the 2 value for the first-order model
was relatively higher than that for the second-

order model.
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Table 3. Kinetic rate constants with first-order and second-order models for Congo red removal.

First-order model

Second-order model

ki x10° (min) ! r?

k» x10° (I/(molmin)) r?

367 0.955
The first-order kinetic model as can be seen
in Figure 15 which fits well with the observed
data of the electrocoagulation process. It is

very important to note that very fast Congo red

26 0.797
dye removal took place at a short electrolysis
time; this is considered a great advantage of

using the electrocoagulation process.

2.5
*
2 -
15
*
In C,/ C;
y =0.3676x
Tr R? = 0.9556
*
*
0.5 *
0 1 1
0 1 2 3 4 5 6 7
t (min)

Figure 15. plot of the first-order equation for the removal kinetics of Congo red (C.D = 150 A/m? , d= lcm, [NaCl]
=10g/l, A = 4.4x10 “*m?, [Congo red] = 50ppm, pH i= 6.7, Vs= 50ml)

Adsorption isotherms

Critical analysis of the electrocoagulation of
organic pollutants reveals that there are two
separate processes taking place, i.e.

* Electrochemical process through which the
metal flocks are generated.

* Physico-chemical process through which the
effluents are adsorbed on the surface of the
flocks [31].

The pollutant is adsorbed at the surface of the

flocks generated during electrocoagulation,

thus the removal of pollutant is similar to
conventional adsorption except the generation
of coagulants. The Fe(OH) (s) complexes
formed remains in the aqueous stream as
a gelatinous suspension. These gelatinous
charged hydroxo cationic complexes can
effectively remove pollutants by adsorption
neutralization, by

complexation, by electrostatic attraction and

to produce charge
by enmeshment in a precipitate [32]. Fe(OH),
and Fe(OH), is dominant species according
to predominance-zone diagrams for Fe(Il) and
Fe(IlT) chemical species in aqueous solution

in condition absence of oxygen and presence
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of oxygen respectively. A solubility diagram
for Fe(Il) and Fe(IIl) in water is presented in
Fig. 12 [17]. The objective of this study is to
systematically examine adsorption isotherms
of Fe(OH), and Fe(OH), flocks for removal of
Congo red from wastewater.

The iron ions consumption determinated
and the amount of flocks generated can
be estimated stoichiometrically. Since the
amount of coagulant can be estimated for a

given time for iron hydroxide (II) and (III),
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of adsorbent and unadsorbed adsorbate
concentration in solution at equilibrium,
respectively. The constant K, (I/g) is the
Langmuir equilibrium constant and the K /
a, gives the theoretical monolayer saturation
capacity, Q,. Therefore, a plot of C/q_ versus
C, gives a straight line of slope a /K and
intercepts 1/K|. The essential features of the
Langmuir isotherm can be expressed in terms
of a dimensionless constant called separation

factor (R, also called equilibrium parameter)

the pc 35 ‘ollowing equation
adsorp 30 1 = -f./—"-@
the va 25 | /_/-:;,-;é; - (24)
— TR .
Congo Z 2 (,,/-/—_‘/v/ initial adsorbent
£ s , .
The v = 15} R y) is the Langmuir
(=2 s >
. ”9’)‘ ¢  Expermental .
been s O Langmuir ;rgy of adsorption.
proces 517 ——Freundiich s the shape of the
------- Temkin
C/q.= 0 avorable (R, > 1),
Where 0 10 20 30 40 50 © (<R, <1I)or

C. (mglL)
amount o1 adsorbed adsorbate per unit weignt

irreversiole (K, = ).

F:';@@&zaégﬁﬁmm R P RALBEB SR ATRRAS, %f&%ﬂfﬁ%éh%ﬁm@?yﬁ"éﬁe

= lem, [NaCl] £.4fgthudr= 4.4x10 “m?, [Congo red]

= 5S0ppaanatck 6.7, Vs= 50ml).

Temkin

F&ra Lamgmuir-Qpe adsorptioRprocess, theKsotherm shdpe carfBe classifidd by a ddmensioRless
qonstant/separaiign) factor (R)), given mdPqL(24). It was observed that the valge/f R, in the

rgnge Og-doplablg deang §)sconfisgms the favorable uptake of the Congo rggdnrocessg7

5.641
0.118

2.339  0.998

0.978

Table 5. Langmuir, Freundlich, Temkin, BET isotherm constant for Congo Red adsorption with iron (III) hydroxide

flocks adsorbent.

Langmuir Freundlich Temkin
Ko ar Qo Rr R? Kr N R? A R?
(L/g) (Lmg) (mg/g) (mg''"L'"gh)  (g/L) L/g)
2.85 0.092 30.67 0.518- 0.983 5021 2330 0,998 6.071 1187 0.978

0.118
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The oo e _ .o~ Ted concentrations showed that adsorption

plot of separation IS GURESREALARS,AEE SOV IR EASHISith Zron hydaS JAQFSefANOFbIps@t higher concentration.
min, d=1cm, [NaCl] = 10g/l, A= 4.4x10 “*m?, [Congo red] = 50ppm, pH = 651;}%3:&8%1[1%6 of favorability tended toward

Also lower R, values at higher initial Congo zero (the completely ideal irreversible case)
rather than unity (which represents a completely reversible case). The Freundlich isotherm is
an empirical model that relates the adsorption intensity of the sorbent towards adsorbent. The
isotherm is adopted to describe reversible adsorption and not restricted to monolayer formation.
The mathematical expression of the Freundlich model is:

q.=K,C, "™ (25)

Where K, and 1/n are the constants which give adsorption capacity and adsorption intensity,
respectively. A linear form of the Freundlich model can be written as follows:

log q, =log K, + (1/n) log C, (26)

Plot of log q_ versus log C_ gives a straight line with slope K. and intercept 1/n.

A basic assumption of Temkin isotherm is that the heat of sorption of all the molecules or ions
in the layer decreases linearly with coverage owing to sorbate—sorbate interactions.

The Temkin isotherm has been used in the following form:

q, = (RT/b) InA + (RT/b) In C, (27)

RT/b=B (28)

Where 4 and B are Temkin constant. 4 plot of O versus InC_ enables to determine the constants

A and B. The model simulation is shown in Figure 16. Table 2 shows the calculated

values of Langmuir and Freundlich and Temkin model’s parameters. Based on the correlation
coefficient (#°) for two adsorbent (Fe(OH), and Fe(OH),) may be present in solution shown
in Table 4 and 5, the adsorption isotherm with iron hydroxide flocks can be better described
by the Freundlich equation. Also, in all cases the Freundlich equation represents a better fit of

experimental data than the Langmuir and Temkin.

Conclusion
Electrocoagulation was used to remove color from dye solutions containing Congo red. The

effect of various operational parameters on color removal efficiency was investigated and

optimized. The decolorization of the reactive amount of NaCl, interelectrode distance,
dye using iron sacrificial anode was affected initial dye concentration, initial pH and

by the current density, electrolysis time, the temperature. Concentration of iron in cell in
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different time and temperature determined.
The result showed that Fe(OH), or Fe(OH),
is dominant spices in condition absence of
oxygen and presence of oxygen respectively,
can be present in aqueous solution thus the
pollutant is adsorbed at the surface of the
flocks generated during electrocoagulation.
Then the removal of pollutant is similar to
conventional adsorption except the generation
of coagulants. The electrocoagulation has been
modeled using adsorption isotherm models
and observed the equilibrium data fit well
with Freundlich adsorption isotherm model.
The predictions of Freundlich adsorption
isotherm model are in very good agreement to
the experimental data. Our experiment results
indicate that the kinetics of the Congo red can
be described by the first-order model. The
thermodynamic parameters, such as AH°, AS®
and AG°, were also determined and evaluated.
Adsorption process is spontaneous with the
negative values of AG°. The standard enthalpy
change (AH°) for the adsorption of Congo red
on iron hydroxide flocks is positive indicating
that the process is endothermic in nature. The
positive value of AS° shows increased disorder
at the solid—solution interface during the

adsorption of dye.
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