
World Applied Sciences Journal 34 (8): 1046-1050, 2016
ISSN 1818-4952
© IDOSI Publications, 2016
DOI: 10.5829/idosi.wasj.2016.34.8.135

Corresponding Author: Zohreh Khoshraftar, Young Researchers and Elite Club, Rasht Branch, 
Islamic Azad University, Rasht, Iran. Tel: +989116199577.

1046

Isotherms Studies of Equilibrium Adsorption of 
Malachite Green Dye Using Sea shell in Aqueous Solution

Zohreh Khoshraftar and Ali Shamel1 2

Young Researchers and Elite Club, Rasht Branch, Islamic Azad University, Rasht, Iran1

Department of Chemistry Islamic Azad University, Ardabil branch, Ardabil, Iran2

Abstract: Pollution of water resources by different pollutants is nowadays a global environmental issue.
Among the different type of water pollutants, dye represents a major polluting group. In this paper, sea shell
as a low- cost adsorbent have been used for adsorption of malachite green, a cationic dye from aqueous
solution. Three models isotherm, Freundlich, Temkin and Langmuir are applied to the equilibrium data. The high
R  values of three models, confirm that is appropriate to use three models isotherm. According to the2

thermodynamic parameters, demonstrated the spontaneous and endothermic adsorption process and is
associated with increased irregularity.
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INTRODUCTION recently been investigated such as: Coffee beans [6]

Water resurces contamination is one of the most husk [10] Sawdust [11] Peanut husk [12]. 
important subject because water is essential to life. The In   the   present   study,    Sea    Shell     was    used
dye production amount is estimated between 7 × 10 -10 as  the  adsorbent  low  cost  to  remove  cationic  dyes,5 6

which is used in different industries such as production which   is   malachite   green    from    aqueous   solution.
of cosmetic, leather, paper, textile, food, pharmaceutical, In previous studies of sea shells as an adsorbent for the
dyestuffs, paper and plastics [1]. Therefore it is very removal   of MG  dye  were  used  [13].  Researchers,
important to verify the water quality, especially when pseudo   second-order   kinetic  model  were  performed,
even just 1.0 mg/L of dye concentration in drinking water The effective operating parameters have been
could impart a significant color making it unfit for human investigated. So the aim of this study was to evaluate the
consumption [2]. thermodynamic and isotherms parameters have been

Malachite green is used mainly industrially for studied.
leather, wool, cotton, silk, jute, paper  and  certain  fibers.
It  is  also  used  as a food colouring  agent,  food Experimental
additive, a    medical   disinfectant   and   anthelminthic Materials
[3]. Chemicals:   NaOH   (0.1  N)  and  HCl  (0.1  N)  solutions,

In order to remove dye from industrial effluents, MG dye were supplied from merk company. General
many methods have been used, such as biological characteristics and chemical structures of malachite green
processes, adsorption, coagulation, chemical oxidation dye are indicated in Table 1.
processes and photocatalytic degradation [4]. Adsorption
processes yield the best because they can reduce Instruments: The concentration of remaining in the
different type of coloring the materials, especially if solution after shaking with shaker model (Heidolph 1010)
inexpensive adsorbent are available. Many adsorbents for   120 min   was   analyzed  using  spectrophotometer,
have been investigated to removal dye concentrations UV- Vis (model: Lamda 25). A pH meter ( model: Metrohm)
from aqueous solutions [5]. Adsorption methods for dye was applied for pH measurements of the MG dye
reduce are becoming popular and many adsorbents have solutions.

Lemon peel [7] Almond shell [8] Mango bean [9] Rice
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Table 1: Characteristics of MG dye
C.I. Name Empirical Formula Molecular weight Maximum Adsorption Wavelength Chemical Structure 
Basic Green 4 C H ClN 364.91 g/mol 615 nm23 25 2

Methods
Preparation of Adsorbent: The adsorbent applied in this
work, is sea shell collected from Anzali beach in north
Iran. It was washed with tap and distill water and dried at
room temperature. The sea shell was crushed and sieved
by the mesh 100. 

Preparation of Dye Stock Solution: A stock solution of
100 mg/l was prepared by dissolving 0.1 g of MG dye in
1000 ml distilled water.

RESULTS AND DISCUSSION

Adsorption Isoterm: Adsorption isotherms describe powder.
interaction with adsorbent materials and are very
important for optimization of adsorption system [14].
Three models isotherm, Freundlich, Temkin and Langmuir
are applied to the equilibrium data. Figure 1 shows the
relationship between equilibrium adsorption (q ) ande

equilibrium concentration (C ) of Malachite Green usinge

Sea Shell powder. These results showed that, with the
increase in equilibrium concentration MG dye from 0.99 to
5 mg/l, adsorption equilibrium increased.

Langmuire Isotherm: The liner- Langmuire isotherm is
given by eq (1) Fig. 2: Langmuir plot for sorption of MG dye onto Sea

(1) parameters were investigated from the slope and intercept

where K : Langmuir constant related to the energy of Figure 2, Table 2 and 3. The result showed, that theL

adsorption,    Q :   maximum   adsorption   density  [15]. adsorption is favorable. Because the values of R  foro

One important parameter, known as separation factor (R ), various initial concentration are between 0 and 1 (0 < RL

is an essential characteristics of the Langmuir isotherm <1).
model [16], that is given by eq (2) 

(2) an empirical equation that assumes heterogeneous

The value  of  R   indicated  the  adsorption  process The Freundlich equation is eq (3 and4) [18]. L

to be either  unfavorable  (RL>1),  liner (R =1),  favorableL

(0 < R  <1), or irreversible  [17].  The  values  of  Langmuire  (Non-linear Freundlich) (3)L

Fig. 1: Adsorption isotherm for MG dye on Sea Shell

Shell.

of the Langmuire plot of 1/q of against 1/C  given ine e

L

L

Freundlich Isotherm: Moreover, the Freundlich model is

adsorption  due  to  the   diversity  of  adsorption  sites.
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Table 2: Langmuire isotherm of dimensionless constant at different initial
concentration MG dye

C  (mg/l) 5 ppm 10 ppm 15 ppm 20 ppm 30 ppm0

R 0.647 0.475 0.379 0.314 2.34 * 10L
3

Table 3: isotherm parameters for adsorption MG dye onto Sea Shell

Isotherm Parameter Values

Langmuir q (mg/g) 2.95072m

b(L/mg) 0.1092
R 0.9672

Freundlich K 3.81106f

n 1.2036
R 0.85732

Temkin B 1.9876
A 0.82
R 0.96762

 (Linear Freundlich) (4)

C  (mg/L) and Q (mg/g) are the equilibrium liquid phasee e

concentrations and amount of solute adsorbed at
equilibrium, respectively; K  is the constant related tof

adsorption capacity; n is the constant related to the
adsorption intensity or degree of favorability of
adsorption [19]. The values of Freundlich parameters were
investigated from the slope and intercept of the
Freundlich plot of ln q of against lnC  given in Figure 3e e

and Table 3.

Temkin Isotherm: The Temkin isotherm equation
assumes that the heat of adsorption of all the molecules
in layer decreases linearly with coverage due to
adsorbent-adsorbate interactions and that the adsorption
is  characterized  by  a  uniform  distribution  of  the
bonding energies, up to some maximum binding energy
[20]. The Temkin model Eq is (5, 6 and 7) [21]:

(5)

(6)

(7)

A  =Temkin isotherm equilibrium binding constant (L/g)T

b  = Temkin isotherm constant T

R= universal gas constant (8.314J/mol/K) 
T= Temperature at 298K. 
B = Constant related to heat of sorption (J/mol)

Fig. 3: Freundlich plot for sorption of MG dye using Sea
Shell

Fig. 4: Temkin plot for sorption of MG dye onto Sea
Shell.

Fig. 5: Vant Hoff plot for sorption of MG dye onto Sea
Shell.

The results of the plots are given in Table 3 and
Figure 4. Further, The high R  values of three models2

(Table 3), confirm that is appropriate to use three models
isotherm.

Thermodynamic Study: Standard free energy, standard
entropy change and enthalpy change were calculated
from Vant Hoff plot (Figure 5) using equations (8, 9 and
10) [22].

(8)



 /C A SK C C=

cG RT ln K∆ ° = −
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Table 4: Thermodynamic parameters for 30 mg/L of MG dye onto o.65 g
adsorbent

Temperature (K) K G  (KJ/mol) H  (KJ/mole) S (J/mol. K)c
° ° °

278.15 10.42232 -5.59586 10.9994 0.05753
297.15 11.54808 -6.04413
309.15 13.2623 -6.64396
319.15 16.8157 -7.48876

(9)

(10)

where K  is the equilibrium constant, C  is the amount ofC A

MG dye adsorbed
on the Sea Shell (mol L ), C  is the equilibrium1

S

concentration    of the    MG     dye    in    the   solution.
R (8.314 J.mol .K ) is the ideal gas constant and T (K).1 1

According to the thermodynamic parameters (Table 4),
demonstrated the spontaneous and endothermic
adsorption process and is associated with increased
irregularity.

CONCLUSIONS

These results showed,  the  best  potential  of  using
Sea Shell as low-cost MG dye adsorbent. Freundlich,
Temkin and Langmuire models were applied to the
equilibrium   data,   which  fitted  well  to  three  models.
The result showed, that the adsorption is favorable.
Because the values of R  for various initial concentrationL

are between 0 and 1 (0 < R < 1). The negative G° valuesL

and positive H  value of adsorption of Malachite Green°

dye onto Sea Shell indicates that the process
spontaneous and endothermic.
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