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Abstract: In this work, the adsorption behaviors of Activated Carbon (AC) for removal of Acid
Orange 7(AO7) were studied. Adsorption tests were conducted in various batch conditions
where the effect of pH, contact time, dye concentration, and adsorbent dose were studied.
Experiments performed at pH 2 show the optimal adsorption due to the best surface charge
interactions. Adsorption kinetics is shown to be very fast and it follows pseudo second-order
kinetics. The equilibrium was established in 1 h. Langmuir, Freundlich, and Temkin Isotherm
models were applied on the system. Freundlich isotherm was found to be better fitted one.
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INTRODUCTION
Dyes containing azo-aromatic groups are highly dispersible pollutants. They contribute to water
toxicity and represent an increasing danger for the environment and human beings. These
effluents discharged from various industries (e.g. textile, paper, leather, food, etc.) are known to
be toxic [1], carcinogenic [2], muta- genic [3], teratogenic [4], and their release in the
environment’s a considerable source of non-aesthetic pollution since the existence of low
concentrations of dyes is clearly visible. Thus, the removal of these colored compounds from
wastewater is an important tar- get from the environmental point of view. However, this process
faces a major problem represented in the high stability of these azo- dyes in aqueous media and
their resistance to light and oxidation agents [5]. Most of the dyes are stable against photo
degradation, bio-degradation, and oxidizing agents several methods have been used for the
removal of dyes from the aquatic environment, including physical, chemical, and biological
processes. Among these methods, adsorption is a widely used for dye removal from wastewaters
In this work the dyes concentration was characterized by UV spectroscopy, and factors affected
adsorption were evaluated. The effects of adsorbents dose, initial pH, initial dye concentration
and contact time on dye removal were studied. Kinetic parameters were calculated from the
experimental data to fit kinetic model. The equilibrium of adsorption and the adsorption data
were describe by the Langmuir model, Freundlich model.
MATERIAL AND METHODS
The Activated Carbon (AC) used in this study was purchased from Poona Chemical Laboratory
Pune. Scanning electron micrographs, FTIR analysis were obtained from Shivaji University
Kolhapur. These data were used to characterize the Activated Carbon and its morphology. Stock
solution of Acid Orange 7(1000mg/l) was prepared and then used for different experiments by
diluting with distilled water. Adsorption experiment were carried out by shaking 0.1 g of AC with
100 ml aqueous solution of AO7 of given concentration in different glass flask. The effect of
AC concentration on the amount of color adsorbed was studied by adding 0.05 to 1.2 g of AC in
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100 mL of AO7 solution of initial concentration of 40 mg/L. All the experiments were carried out
at 260C, pH of 2 and 150 rpm for 6 hr. For equilibrium study initial AO7 concentration used were
10, 20, 30 and 40 mg/L.
The amount of AO7 adsorbed in mg/g was determined by using the following mass balance
equation
qe = V (Ci – Ce) /m

(1)

Where Ci and Ce are AO7 concentration in mg/l before and after adsorption respectively, V is the
volume of adsorbate in liter, and m is the weight of the adsorbent in grams. The percentage of
removal of AO7 was calculated from the following equation
% Removal = 100 (Ci – Ce)/ Ci

(2)

RESULT AND DISCUSSION
Characterization of the adsorbent: Fourier-transform infrared (FTIR) spectra of the AC before and
after AO7 adsorption is presented in figure-1 and figure-2. FTIR spectrum of AC before AO7
adsorption shows peaks at 2324 cm−1 due to -C≡N- stretching, the peak at 2119 cm−1 was
attributed to stretching of –C≡C- groups, the peak observed at 1864 cm-1 was assigned to a
carbonyl bond (C=O). The peak observed at 1571cm-1 is due to secondary amine group. In figure3, scanning Electron Microscopy photographs before dye adsorption clearly revealed the surface
morphology and the different level of porosity in AC. The surface after MB adsorption shown in
figure-4 however shows that AC is loaded with AO7 dye
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Figure 1 FTIR of AC before Adsorption
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Figrue2: FTIR of AC atfer Adsorption

Figure 3: Scanning electron image before adsorption

Figure 4: Scanning electron image after adsorption
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Effect of initial pH: In the present study the effect of pH on the amount of dye removal was
analyzed over the pH range from 2 to 12 and is presented in graphical form as given in figure 5.

Figure 5: Effect of initial pH on percentage dye removal, 40 mg/l dye concentration and time 6
hr
The maximum dye sorption occurred at pH 2 and the removal decreased. As the initial pH
increases, the number of negatively charged sites on the adsorbent surfaces increases and the
number of positively charged sites decreases. A negative surface charge does not favor the
adsorption of dye anions due to electrostatic repulsion [7], it is observed that % removal of AO7
at an initial solution pH 2 was found to be maximum i.e. 98.36 %.Therefore, further adsorption
experiments were performed at pH 2.0.
Effect of adsorbent dosage: The effect of adsorbent dosage on the removal of Acid Orange 7 at
Co=40mg/L, pH2 is shown in the Figure 6. It can be seen that the removal increases up to a certain
limit and then it remains constant. From figure 6, for an increase in AC dosage of 0.05-1.2
g/100ml, the qe decreased from 65.89mg/g to 3.21mg/g, whereas the percentage removal
increased from 82.37% to 99.36 % respectively.

Available Online at www.ijpret.com

13

Research Article
Impact Factor: 4.226
S. T. Patil, IJPRET, 2015; Volume 3 (9): 9-20

ISSN: 2319-507X
IJPRET

Figure 6: Plot of AC mass on adsorption of AO7 at 40 mg/l concentration and pH 2
The increase in the adsorption with the adsorbent (AC) dosage can be attributed to greater
surface area and the availability of more adsorption sites [9]. The decrease in adsorption capacity
qe with increasing adsorption dosage may be due to overlapping of adsorption sites as a result
of overcrowding of AC particles [10].
Effect of Initial AO7 Concentration and Contact time
The adsorption capacity versus time at different initial concentration were plotted in figure-7 and
the result showed that as AO7 concentration increased, the qt increased, primarily due to
enhanced driving force to overcome mass transfer resistance and greater interaction between

qt(mg/g)

AO7 and AC.

Time (min)
Co= 40 mg/l

Co= 30 mg/l

Figure 7: Effect of mass of adsorption of AO7 dye with time K and adsorbent mass 1 g/L
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Figure-8 indicated very quick rate of adsorption of AO7 in the initial 15 min. and thereafter, the
adsorption rate declined gradually and reached the equilibrium at about 1 hr. The higher
adsorption rate at the initial stage may be due to availability of more number of vacant sites, as
a result, there exists increased AO7 concentration gradient in solution and on the AC surface.
After a certain period of time, this gradient is reduced due to accumulation of AO7 dye in the

% removal

vacant sites, leading to a decrease in adsorption rate [11,12]

Co=
40
mg/l

Time (min)

Figure 8: Plot of contact time on dye removal efficiency of ASD at temperature 303 K and
adsorbent mass 1 g/ L
Adsorption Dynamics:
The Lagergren first order kinetic model:[8] The Lagergren first order rate equation is represented
as :
log (qe - qt) = log qe – k1* (t / 2.303)

(3)

where qe and qt are the amounts of AO7 adsorbed (mg/g) at equilibrium and at time t ,
respectively. k1 is the Lagergren rate constant (min-1) These values have been given in table-1
The pseudo-second-order kinetic model: [8] The adsorption data have been applied to pseudosecond-order kinetic model also. The equation is represented as:
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and h = k2 * qe2
where K2 is the rate constant of second order adsorption (g/mg/min.). h is the initial adsorption
rate at time approaching zero (mg /g*min). Plots of t/qt

versus t has been shown in (figure-

12). Values of K2 and qe have been calculated from the slope of the graph. These values have
been given in table- 2.
The pseudo second order kinetic model fitted better than Lagergren model

t/q

30
m
g/l

Time (min)

Figure- 9: Second order plot of AO7 adsorption onto AC
Adsorption Isotherms
In this study, adsorption data were fitted to two parameter models namely Langmuir, Freundlich,
Temkin. The Langmuir isotherm is given in equation
q = qm*KL* Ce / (1+ KL* Ce)

(5)

Where qm is the maximum amount of dye adsorbed per unit mass of adsorbent corresponding
to complete coverage of the
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adsorption sites in mg/g , KL is the Langmuir constant related to energy of adsorption in L/mg.
The Freundlich isotherm is given by
qe= KF * Ce 1/n

(6)

where KF (mg/g*(L/mg)1/n) and 1/n are c onstants related to adsorption capacity andintensity
of adsorp tion, respectively. The Temkin isotherm is presented by;
qe = B1 * ln (KT * Ce)

(7)

where B1=(R *T/b), T (K) is the absolute temperature, R (8.314 KJ/Kmol K) is the universal gas
constant, A (L/mg) is equilibrium binding constant and b (KJ/mol) is the variation of adsorption
energy

Table-1: Definition of error functions used[20]
Name of error function
Definition
The Sum square errors( ESQ)

p
∑ (qe,cal- qe,exp)i2
i=1

The hybrid fraction error function
( HEF)

n
100/(n-p) ∑( (qe,exp- qe,cal)2 / qe,exp)i
i=1
p
100* (1/(n-p) ∑( (qe,exp- qe,cal)2 / qe,exp)i)0.5
i=1

Marquardt’s standard deviation (MSD)

p is number of parameter in the isotherm

Isotherm Analysis: In this work the non-linear regression technique has been used. This method
solved by using the Microsoft Excel to predict the error function [6]. The various mathematically
rigorous error function used in this analysis are given in table -3. The figure-10 shows the
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experimental equilibrium data and the predicted Langmuir,Temkin, Freundlich isotherm got by

qe(mg/g)

minimizing the R2 function using non-linear method.

Fr
eu
n…

Ce (mg/l)

Figure-10: Plot of predicted equilibrium isotherm for the adsorption of AO7 onto AC
Table2: Kinetic constants for the adsorption of AO7 by AC , agitation time 120 min. and adsorbent dose of
1 g/L

Conc.

qe, exp

First Order

Second Order

qe,cal

k1

R2

qe,cal

k2

R2

h

10

9.95

2.977

0.108

0.993

9.090

0.134

0.990

11.11

20

19.84

4.254

0.064

0.965

16.666

0.072

0.991

20.01

30

29.66

3.807

0.048

0.955

25.641

0.05

0.993

33.33

40

39.34

3.991

0.029

0.964

28.571

0.122

0.983

100
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Table3:Isotherm values for adsorption of AO7 by AC for initial concentration range of 10-40
mg/L, time of agitation 6 hr and adsorbent dosage 1g/L
SSE
K

F
n
MEF*
qm
KL
MEF*
B1
KT
MEF*

HEF
Freundlich

49.2426
0.5031
2.4488
Langmuir
52.078
4.172
8.1833
Temkin
11.3306
42.9645
8.26

MSD
50.13
1.91
5.74

49.6
1.99
32.51

52.05
3.89
52.078

54.78
3.67
39.7

10.776
47.64
18.61

10.64
47.66
52.12

CONCLUSION
This study shows that AO-7 can be successfully removed from the aqueous solution by adsorption
on AC and this can be an effective and valuable mean for controlling water pollution due to dyes.
These results shows that initial AO7 concentration, contact time, pH and have marked effect on
adsorption. The equilibrium data are best explained by Freundlich adsorption isotherm. Kinetics
of adsorption follows second order rate equation.
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