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3. RESULTS AND DISCUSSION 

3.1 Langmuir adsorption isotherm model 

This model was implemented theoretically assuming that the adsorption occurs in a monolayer, 
at a finite number of localized sites [5]. 

The Langmuir model can be expressed in the following form: 

1
m L e

e
L e

q K C
q

K C



        (1) 

Linearization of the equation (1) results in the following expression: 

1 1
/e e e

L m m

C q C
K q q

                (2) 

where Ce is the equilibrium concentration of metal ions (mg dm-3), qeis the equilibrium 
adsorption capacity (mg g-1), qmis the maximum adsorption capacity (mg g-1) and KL (dm3 g-1) is 
the Langmuir equilibrium constant. 

Graphical dependence of Ce/qe in function of Ce, shown on Figure 1b, gives the straight-linewith 
the slope 1/qmand the intercept 1/KLqm. 

3.2 Freundlich adsorption isotherm model 

This model is often used to describe the non-ideal and reversible adsorption processes. The 
Freundlich model can also be applied to multilayer adsorption [5]. 

This model is represented by the following expression: 
1/n

e f eq K C                 (3) 

Linearization of the Eq. (3) gives: 

1
log log loge F eq K C

n
                (4) 

where Ceis the equilibrium concentration of copper ions in the solution (mg dm-3); qe is the 
adsorbent capacity defined as mass of the adsorbed metal per unit mass of the adsorbent (mg g-1) 
at equilibrium; KF is the Freundlich equilibrium constant ((mg g-1) (dm3 mg-1)1/n), and 1/n is the 
coefficient of heterogeneity in the Freundlich adsorption isotherm equation. 

Graphical dependence of log qein function of log Ce, shown on Figure 1c, gives the straight line, 
with the slope 1/n and the intercept KF. 

3.3 Temkin adsorption isotherm model 

Temkin adsorption isothermmodel is based on the assumption that the heat of adsorption in all 
layers of molecules decreases linearly with coverage, and that there is a uniform distribution of 
ion binding energy in the adsorbent-adsorbate system [6]. 

Temkin isotherm model is represented by the following expression: 

 lne T eq B K C         (5) 

Linear form of the equation (5) is: 

ln lne T eq B K B C             (6) 
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where B = RT/b is the Temkin constant, which refers to the adsorption heat (J mol-1); b is the 
variation of adsorption energy (J mol-1); R is the universal gas constant (J mol-1 K-1); T is the 
temperature (K); KT is the Temkin equilibrium constant (dm3 g-1); qe is the adsorption capacity 
defined as mass of the adsorbed metal per unit mass of the adsorbent (mg g-1) at equilibrium; 
Ceis the equilibrium concentration of copper ions in the solution (mg dm-3). Constants B and KT 

can be determined from the graph qe = f(ln Ce), which is shown in Figure 1d, where B is the 
slope, and KTthe intercept. 

 

 
Figure 1. a) Adsorption isotherm data, b) Langmuir adsorption isotherm model, c) Freundlich adsorption 
isotherm model and d) Temkin adsorption isotherm model for copper ions adsorption onto walnut shells 

The obtained adsorption isotherm data, shown in Figure 1a, was fitted using the Langmuir, 
Freundlich, and Temkin adsorption isotherm models, and the corresponding diagrams are shown 
on Figures 1 b-d. The equilibrium parameters for the analyzed models were determined using 
Equations (2), (4), and (6). The obtained parameters and correlation coefficients R2 are given in 
Table 1. 

Table 1. Obtained parameters for Langmuir, Freundlich and Temkin adsorption isotherm models for 
copper ions adsorption onto walnut shells 

Langmuir Freundlich Temkin 

KL 
dm3 mg-1 

qexp 
mg g-1 

qm 
mg g-1 

R2 KF 1/n R2 
B 

J mol-1 
KT 

dm3 g-1 
R2 

45.19 7.50 7.71 0.993 12.87 0.4 0.960 1.11 8.11 0.968 
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According to the data given in Table 1, the Langmuir model shows the best agreement to the 
analyzed data, with the correlation coefficient R2 = 0.993. The experimentally determined 
adsorption capacity, and the maximum capacity determined by the Langmuir model are 
approximately equal, which further proves very good agreement of the Langmuir model with the 
analyzed data, and indicates that the adsorbent is almost completely saturated, where all of the 
active sites areoccupied by copper ions.The maximum adsorption capacity, obtained by the 
Langmuir adsorption isotherm model was 7.71 mg g-1. 

4. CONCLUSIONS 

Walnut shells were used as an adsorbent for copper ions adsorption from aqueous solutions. The 
adsorption isotherm data were fitted using three theoretical adsorption isotherm models, i.e. 
Langmuir, Freundlich, and Temkin adsorption isotherm model. The obtained results, shown in 
Table 1, indicate that Langmuir model shows the best agreement with the analyzed experimental 
data, with the correlation coefficient R2 = 0.993. This leads to the conclusion that the biosorption 
process occurs in a monolayer. The maximum adsorption capacity, obtained by the Langmuir 
adsorption isotherm model,according to Table 1, was 7.71 mg g-1. 
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