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Abstract 

The aim of this study was to investigate the removal of C. I. Basic Violet 2 from aqueous solutions by adsorption 
technique using perlite as an adsorbent. The effect of operational parameters such as pH, temperature, agitation 
speed, contact time and adsorbent dose was experimented in a batch mode reactor. The results showed that the 
highest correlation coefficient was obtained for the pseudo- second order kinetic model. Langmuir, Fruendlich 
and Redlich- Peterson adsorption models were utilized for the mathematical description of adsorption equilibrium 
and equilibrium data agreed very well with Langmuir model. The thermodynamic parameters such as Gibbs free 
energy, enthalpy and entropy were calculated and findings indicated that the process was spontaneous and 
exothermic and negative value of entropy reveals that the adsorbate is residing on the adsorbent and being 
organized. 
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1. Introduction 

Large volumes of colored aqueous effluents are 
discharged by the various sectors, such as textile, 
leather, printing, laundry, rubber, plastic and painting 
industries (Lee et al., 2003). The presence of very 
small amounts of dyes in water (less than 1 mg/L for 
some dyes) is highly visible and undesirable (Robinson 
et al., 2001; Banat et al., 1996). Various physical, 
chemical and biological treatment methods have been 
used for the treatment of these effluents (Özcan et al., 
2007). Amongst the numerous techniques of dye 
removal, adsorption is the procedure of choice and 
gives the best results as it can be used to remove 
different types of coloring materials. Most commercial 
systems currently use activated carbon as sorbent to 
remove dyes in wastewater because of its excellent 
adsorption ability (Crini, 2003). However, although 
activated carbon is a preferred sorbent, its widespread 
use is restricted due to high cost (Doğan et al., 2009). 
Therefore, the process of dye removal by adsorption is 
being diverted to the use of lower cost adsorbents so 
that the process becomes economically feasible. For 
this reason researches are focused on to use of low- 
cost, reusable, locally available, biodegradable 

adsorbents made from natural sources (Nandi et al., 
2009). 

In the present study, experiments were carried out 
to remove BV2 dye by adsorption technique using 
expanded perlite as an adsorbent. In fact, the objective 
of this study was to investigate the effectiveness of 
perlite for the removal of BV2 from aqueous solutions 
in batch systems and the applicability of known 
adsorption isotherms and kinetic models. 

2. Material and methods 

2. 1. Adsorbate 

Basic Violet 2 (BV2) (C. I. 42520, FW: 365.90, 
λmax: 543 nm, supplied by ACROS ORGANICS, 
USA) was used as an adsorbate. 

2. 2. Adsorbent 

The adsorbent, expanded perlite was purchased 
from Azarbaijan expanded perlite industrial company 
(Tabriz, Iran). The composition of the perlite is given 
in Table. 1. The perlite sample was treated before 
being used as follows: it was washed with distilled 
water and after filtration it was dried in an oven at 
1200C for 15 h, and bottled for experimental purposes. 
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Table 1. Chemical composition of perlite. 

SiO2 Al2O3 K2O Na2O Fe2O3 MgO TiO2 MnO BaO ZrO2 P2O5 
%71.4 %13.5 %4.22 %3.93 %1.12 %1 %0.17 %0.05 %0.068 %0.027 %0.27 

 

2. 3. Experimental methods 

The studies were performed in a batch mode, 
using BV2 solutions with concentrations of 15 mg/L, 
except those in which the effect of concentration was 
investigated. Stock solution of BV2 was prepared by 
dissolving weighed dye in distilled water. 
Experimental solutions of the desired concentration 
were obtained by diluting the stock solution. The 
experiments were carried out by feeding 50 mL of 
solution of desired concentration of the dye into a 100 
mL Erlenmeyer and 4 g of the adsorbent was added 
and agitated for certain time at known speed by shaker. 
At the end of the time, the sorbent was filtered and the 
concentration of dye solution was determined using 
UV/Vis spectrophotometer. 

The dye removal efficiency can be as follows: 
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where C0 and C are the initial and present dye 
concentration in the solution (mg/L), respectively. 

In order to study the sorption isotherms, the 
amount of adsorbed dye at time (t), qt (mg/g), and at 
equilibrium, qe (mg/g), was calculated by: 

Wt
VCC

q t )( 0 −=  (2) 

W

VCC
q e

e
)( 0 −=  (3) 

where Ce is the equilibrium dye concentration 
(mg/L), V is the volume of the solution (L) and W is 
the mass of adsorbent (g). 

3. Results and discussions 

3. 1. Effect of adsorbent dose 

The effect of perlite dose on the adsorption of 
BV2 is shown in Fig. 2. The removal percent enhanced 

with increasing perlite amount up to a certain limit and 
then it remained constant. This behavior can be 
attributed to greater surface area and availability of 
more adsorption sites (Nandi et al., 2009). 

3. 2. Effect of contact time 

The mixture of 4 g of the adsorbent and 50 mL of 
the dye solution with concentration of 15 mg/L was 
agitated at different times. It is clear from Fig. 3. That 
the maximum amount of dye removal takes place 
within the contact time of 30 min and then it decreases 
due to deposition of dyes on the available adsorption 
sites of the adsorbents (Govindasamy et al., 2009). 

3. 3. Effect of agitation speed 

Agitation speed is an important parameter in 
adsorption process since it affects the distribution of 
the solute in the solution and the formation of the 
external boundary film. Fig. 4. shows that the removal 
percent of BV2 at different agitation speeds (95 to 215 
Stroke/min) within contact time of 30 min. The figure 
indicates that the removal of dye increases up to 125 
Stroke/min of the agitation speed.  

The increase in removal percentage can be 
explained by the fact that increasing agitation speed 
reduces the film boundary layer, surrounding particles, 
thus increasing the external film transfer coefficient 
(Nandi et al., 2009). After a certain speed due to 
desorption phenomenon the removal efficiency 
decreased. 

3. 4. Effect of pH 

The pH of the dye solution is an important factor 
controlling the adsorption process. It is necessary to 
understand the adsorption mechanism by determining 
the zero point charge (pHZPC) of the adsorbent. The 
pHZPC of the expanded perlite was measured by pH 
drift method. It was performed by adjusting the pH of a  
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Figure 2. Effect of adsorbent dose on the 

removal percentage of BV2. 
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Figure 3. Effect of contact time on the 

removal percentage of BV2. 

 

Figure 4. Effect of agitation speed on the 

removal percentage of BV2. 

 

Figure 5. Zero point charge (pHZPC) of the 

expanded perlite. 

solution of 0.01 M NaCl between 2-12 using NaOH 
and HCl and 0.1 g of perlite was added to 50 mL of the 
solution. After 24 h final pH values were recorded. The 
graph of final pH versus initial pH was used to 
determine the point in which initial pH and final pH 
values were equal, named pHZPC. In this study 
pHZPC of the perlite sample was obtained to be 7.6 
which is shown in Fig. 5. 

The ionization of the surface hydroxyl groups of 
perlite in aqueous solution occurs according to 
following reactions (Doğan and Alkan, 2003): 

⎯⎯←
⎯→⎯ 1aK ++ SHSOH

SOH

 (4) 

⎯⎯←
⎯⎯→⎯ 2aK +− + SHSOH  (5) 

At a higher pH ( > pHZPC), the surface of the 
adsorbent gets more negatively charged, which 
enhances the sorption of positively charged dye cations 
(BV2) through electrostatic force of attraction 
(Govindasamy et al., 2009). Adsorption of dye cations 
is not favored at pH < pHZPC, due to decreasing of 
negative charge on perlite surface (Fig. 6). 

3. 5. Isotherm analysis 

The purpose of the adsorption isotherm analysis is 
to relate adsorbate concentration in solution and the 
adsorbent surface. Isotherm studies help to obtain the 
optimum amount of the adsorbent and its capacity. The 
results indicated that the time needed to reach 
equilibrium, using 2.5 g of perlite in 50 mL of BV2 
solution with the concentration of 15 mg/L, was 60 
min.  

The most common types of isotherm equations are 
the Langmuir, Freundlich and Redlich- Peterson 
models, which were applied for analyzing 
experimental sorption data. 

The Langmuir isotherm is based on the 
assumption that there is a finite number of binding 
sites which are homogeneously distributed over the 
adsorbent surface. These binding sites have the same 
affinity for adsorption of a single molecular layer and 
there is no interaction between adsorbed molecules 
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(Nandi et al., 2009). The equation of Langmuir 
isotherm is represented as below: 

CK eL
e

+1

eFe CKq +=

CKq
q eLm=  (6) 

where Ce is the equilibrium dye concentration in 
solution (mg/L), qe is the equilibrium dye 
concentration on adsorbent (mg/g), qm is the 
monolayer capacity of the adsorbent (mg/g) and KL is 
the Langmuir adsorption constant.  

The Freundlich isotherm model is an exponential 
equation that applies to adsorption on heterogeneous 
surface with interaction between adsorbed molecules 
and is not restricted to the formation of a monolayer 
(Nandi et al., 2009). This model is given as: 

n/1  (7) 

where KF and n are Freundlich constants. n is a 
measure of the deviation from linearity of the 
adsorption (Nandi et al., 2009). If the value of n is 
equal to unity, the adsorption is linear. If the value for 
n is below to unity, this implies that adsorption process 
is chemical, but a value for n above to unity, 
adsorption favors a physical process (Özcan et al., 
2007). 

The Redlich- Peterson equation that can be 
applied either in homogeneous or heterogeneous 
systems is expressed as follows (Vasanth Kumar and 
Sivanesan, 2007): 

g
e

e
CB+1

eCA
q =  (8) 

where A, B and g are Redlich- Peterson isotherm 
constants. 

The correlation coefficients (R2) were found to be 
0.994, 0.990 and 0.989 for Langmuir, Freundlich and 
Redlich- Peterson isotherm models, respectively (Figs. 
7, 8 and 9). 

The R2 values reveals that the adsorption BV2 on 
expanded perlite isotherm for the present system is 
explained better by Langmuir model. It represents that 
the surface of the adsorbent is homogeneously 
occupied. Furthermore, n- value (Freundlich constant)  
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Figure 6. Effect of pH on the removal 

percentage of BV2. 
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Figure 7. Langmuir isotherm for the 

adsorption of BV2 on expanded perlite. 

 Figure 8. Freundlich isotherm for the 

adsorption of BV2 on expanded perlite. 
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 Figure 9. Redlich- Peterson isotherm for the 

adsorption of BV2 on expanded perlite. 



Investigation of sorption isotherms and removal kinetics of C. I. Basic Violet 2 from aqueous solutions onto perlite 

Albanian j. agric. sci.    International Conference of Ecosystems (ICE) 

Special edition online   

 

21
 4-6 June, 2011, Tirana  

was calculated which was greater than unity (n= 1.32). 
It signifies that the adsorption mechanism is physical. 
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3. 6. Adsorption kinetics 

In order to study the controlling mechanism of 
adsorption process three kinetic models were 
investigated. Pseudo- first order kinetic model, pseudo- 
second order kinetic model and intra particle diffusion 
model were used to find the best fitted model for the 
experimental data. 

3. 6. 1. Pseudo- first order kinetic model 

The first order rate expression given as: 

)(1 qq
dt te

t k −=
dq  (9)  

where qt and qe are the amount of dye adsorbed 
(mg/g) at contact time t (min) and at equilibrium, and 
k1 is the pseudo- first order rate constant (min-1). The 
linear form of the rate equation is expressed as: 

tqqq ete 303.2
log)log( 1−=−

k
 (10) 

The plot of log (qe- qt) versus t (as shown in Fig. 
10) revealed that the adsorption process is not 
following the pseudo- first order kinetic model. 

3. 6. 2. Pseudo- second order kinetic model 

The pseudo- second order kinetic model is defined 
as: 

2
2 )( qq

dq
te

t k −=
dt

 (11) 

where k2 is the rate constant for pseudo- second 
order sorption (g/mg min). By integrating Eq. (11) the 
rate law becomes: 

qqkqt ee2

tt
+= 2

1
 (12)  

Fig. 11 shows that the plot of t/qt versus t is a 
straight line with a high value correlation coefficient 
(R2 = 0.990) that indicates the adsorption process is a 
pseudo- second order reaction. 

 

 

Figure 10. Pseudo- first order kinetic model 

for the adsorption of BV2 on expanded 

perlite. 
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Figure 11. Pseudo- second order kinetic 

model for the adsorption of BV2 on expanded 

perlite. 
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Figure 12. Intra particle diffusion model for 

the adsorption of BV2 on expanded perlite. 
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Figure 13. Plot of ln KL vs. 1/T for 

estimation of thermodynamic parameters for 

the adsorption of BV2 onto expanded perlite. 
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Table. 2. Thermodynamic parameters calculated for the adsorption of BV2 onto expanded perlite. 

Temperature 
(0C) Ce (mg/L) Kc 

ΔG0 
(kJ/mol) 

ΔH0 
(kJ/mol)  

ΔS0 
(J/mol K) 

30 4.95 2.03 -1.79 
-9.38 -24.87 40 5.14 1.92 -1.69 

50 5.73 1.62 -1.29 

3. 6. 3. Intra particle diffusion model 

The adsorption is a diffusive mass transfer process 
where the rate can be expressed in terms of the square 
root of time (t). The intra particle diffusion model can 
be represented as (Nandi et al., 2009): 

Itkq it += 5.0  (13) 

where ki is the intra particle diffusion rate 
constant (mg/g min0.5) and I is the effect of boundary 
layer thickness. The R2 value calculated by the plot of 
qt versus t0.5 (Fig. 12), that was 0.614. Thus, it was  
 

concluded that the adsorption of BV2 does not 
obey the intra particle diffusion kinetic model. 

3. 7. Effect of temperature 

In any adsorption process, values of 
thermodynamic parameters are the actual indicators for 
practical application of a process. The experiments 
were carried out at three different temperatures (30, 40 
and 500C) using 4 g of expanded perlite. The 
thermodynamic parameters, change in Gibbs free 
energy (ΔG0), change in enthalpy (ΔH0) and change in 
entropy (ΔS0) for the adsorption of BV2 onto perlite 
has been calculated by using equations as follows 
(Özcan and Özcan 2005): 
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where Kc is the equilibrium constant, CA is the 
amount of dye adsorbed on the adsorbent in the 
solution at equilibrium (mg/L), CS is the equilibrium 
concentration of the dye in the solution (mg/L). T is 

the solution temperature (K) and R is the gas constant. 
ΔH0 and ΔS0 were obtained from the slope and 
intercept of Van’t Hoff plot of ln Kc versus 1/T (Fig. 
13). The results are given in table 2. The negative 
values of ΔG0 indicated the feasibility and 
spontaneous nature of BV2 sorption onto perlite. 

The value of enthalpy of a sorption process may 
be used to distinguish between chemical and physical 
sorption. 

For chemical sorption enthalpy values range from 
83 to 830 kJ/mol, while for physical sorption they 
range from 8 to 25 kJ/mol (Govindasamy et al., 2009). 

It can be concluded from the low value of ΔH0 
that the interaction between BV2 dye molecules and 
perlite is physical. Also, the negative value of ΔH0 
confirmed the nature of the process is exothermic and 
the negative value of ΔS0 suggests decreased 
randomness during adsorption.  

4. Conclusions 

This study investigated the removal of BV2 from 
aqueous solution by expanded perlite under different 
operational conditions such as effect of adsorbent dose, 
contact time, agitation speed, pH and temperature. 
Adsorption equilibrium correlated well by Langmuir 
isotherm model. It was found the adsorption 
mechanism follows pseudo- second order kinetic 
model. The temperature effect was investigated to 
calculate thermodynamic characteristics. The analysis 
of these parameters represented that the process is: (a) 
spontaneous, (b) exothermic and (c) mainly physical 
because of the low ΔH0 value. 
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