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ABSTRACT

 Study of kinetics and thermodynamic of Cu(II) ion adsorption onto synthetic zeolite made 
of coal fly ash have been investigated. The aim of this research was to define  the kinetics model  
and thermodynamic parameters such as Gibbs free energy (DGo), entropy (DSo), and enthalpy 
(DHo) of  adsorption  process of Cu(II) ion by synthetic zeolite made of coal fly ash. The effect of 
the presence of coexisting ion to the efficiency of Cu(II) adsorption had also been investigated. The 
experimental conditions were 5, 15, 30, 45, 60, 75, 90 minutes for the contact times and 27, 32, 
37, 42oC for the temperature. The kinetics data were evaluated using a first-order and a pseudo 
second-order Lagergren equation. The results revealed that the kinetics data had good correlation 
with the pseudo second-order kinetics model. Thermodynamic studies indicated that the adsorption 
process was spontaneous with the increase in entropy and decrease in Gibbs energy. The coexisting 
Pb(II) or Mn(II) ions decreased the Cu(II) ion adsorption onto synthetic zeolite, but increased the 
total adsorption capacities.
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INTRODUCTION

 Industrial development in various countries 
led to increase industrial pollution significantly. Hence 
they growing problem of industrial waste. Heavy 
metal such as copper is one of the contaminants 
that have the potential to destroy the system of 

human physiology and other biological systems 
when over tolerance level. Metals such as copper 
are produced by industrial metal plating, alloy, steel, 
dyes, electrical wiring, insecticides, pipelines, and 
paint1. The presence of Cu ions in industrial waste is 
usually together with other heavy metal ions. In the 
plating industrial wastes, Cu(II) ion is the fifth largest 
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concentration after metals Fe, Cr, Sn, and Zn, and 
followed by the metal ions with smaller concentrations, 
namely Ni, Mn, Pb, Cd, and Ag2. Some methods for 
treating heavy metal ions in industrial effluents 
have been reported in the previous studies1,3-8.  
These methods are neutralization, precipitation, 
ion exchange, biosorption and adsorption. For low 
metal ion concentration, the adsorption process is 
the recommended method for taking the metal ion. 
The process of adsorption involves intermolecular 
attractive forces, ion exchange, and chemical 
bonding. Synthetic zeolite derived from coal fly ash 
is one of the materials that can be used to adsorb 
heavy metal ions. Reaction of synthetic zeolite is 
similar to the condition of the earth's crust. The 
synthesis is done by making the reactants into a 
gel and then placed in an autoclave at temperature 
range 700 - 1500C5.

 The  aim of this research was to define the 
kinetics model  and thermodynamic parameters such 
as Gibbs free energy, entropy and enthalpy of the 
adsorption  process of Cu(II) ion by synthetic zeolite 
made of coal fly ash and to investigate the effect of 
the coexisting Pb(II) or Mn(II) ions to the efficiency 
of Cu(II) ion  adsorption.

MATERIALS AND METHODS

 The materials are synthetic zeolite made 
of coal fly ash, while the chemicals are  NaOH, HCl, 
H2SO4, CuSO4, MnCl2, Pb(NO3)2, (all materials  are 
from Merck). The tools used in this experiment are 
atomic absorption spectrophotometer, water bath 
with temperature control, oven, shaker, sieve shaker 
of 40 mesh, pH meter, analytical balance with 0,1 
mg accuracy, whatman filter paper 42, pipette, 50 ml 
volumetric pipette, funnel, 50 ml and 100 ml glass 
flasks and other tools.

Determination of reaction order (kinetics model)
 This experiment was performed after 
experiments optimization.  The adsorbate optimum 
pH was 4 and adsorbent concentration was  
50 mg/100 mL. The experiments were performed 
by varying the reaction time as the independent 
variable and the other two as dependent variables. 
50 mL of adsorbate solution with a concentration 
of 80 mg/L (pH optimum) is added to the synthetic 
zeolite (optimum weight) in 100 mL erlenmeyer glass. 
Erlenmeyer glass then agitated with a shaker at  

150 rpm for a 5, 15, 30, 45, 60, 75, and 90 minutes. 
Each variation of time, the sample was filtered and 
the filtrate was measured using the AAS to determine 
the concentration of Cu (II) ion in solution. From 
these experiments, it is known that reaction order 
matches the adsorption system by looking at the 
value of the determination coefficient on each order 
of  reaction.

Determination of thermodynamic parameters
 Thermodynamic parameters are determined 
by varying the temperature of the experiment ; 27, 32, 
37 and 420C with the other variables are constant. 
This experiment was performed by using 50 mL of 
adsorbate solution (pH optimum) with a concentration 
of 80 mg/L. This solution was added into 100 mL 
erlenmeyer glass that already containing synthetic 
zeolite (optimum weights) and then agitated for the 
optimum time. After the sample filtered, and then the 
filtrate was measured using the AAS to determine 
the concentration of Cu(II) ion in solution.  

Adsorption experiment for binary metal systems
 This experiment was performed by binary 
adsorption system, in example by adding a number 
of metal ions Mn or Pb adsorbate into the solution 
of Cu (II). So it can be known relationship between 
adsorption capacity of Cu (II) with the presence of 
Mn or Pb ions and the strength of the interaction of 
Mn2+ and Pb2+ on the adsorbent. Experiments was 
done by making an adsorbate  solution containing 
80 mg/L Cu (II), the combined concentration of  
80 mg/L Cu (II) with 25 mg/L Pb(II), and the 
combined concentration of 80 mg/L Cu (II) with  
25 mg/L Mn (II). Then the erlenmeyer was shaked 
during the optimum time, then the sample was filtered 
and the filtrate was measured using the AAS.

Calculation
 The amount of heavy metal adsorbed  by coal 
fly ash was calculated using the following  equation. 

  (1)

 Co is the initial concentration (mg L-1),  Ce 

is the final concentration in equilibrium (mg L-1),  
Qe is adsorption capacity or the concentration  
of adsorbate on the adsorbent at equilibrium  
(mg g-1), m is adsorbent mass and V is volume of 
the adsorbate. 
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RESULTS AND DISCUSSION

Effect of Contact Times
 Adsorption kinetics describes the solute 
retrieval rate by the adsorbent during the adsorption 
time. This parameter is important because it 
determines the efficiency of the adsorption process. 
Effect of contact times on the adsorption capacity 
can be seen in Fig. 1. In the Fig.1, it can be seen 
that the adsorption capacity of the adsorbent was 
increased with the increasing contact time and in  
75 min equilibrium was occurred. The time needed 
for equilibrium depends on the types and the 
interaction of the adsorbate and the adsorbent. 

the optimum adsorption capacity (qe) and coefficient 
determination can be determined. 

Fig. 1. Effect of contact time on the Cu2+ adsorption capacity

 At the beginning of the contact times, the 
adsorption capacity was increased, but after almost 
all the active sides interacted with metal ions, the 
adsorption rate was decreased. So there was no 
significant increase in the adsorption capacity after 
the active sides was saturated, so the adsorption 
rate was  only dependent on the migration of metal 
ions in the liquid phase to the surface of the complex 
adsorbent-adsorbate9.
 
 The first-order and pseudo second-order 
reaction models were done by plotting t versus log 

(qe-qt) (Fig. 2) and t versus t/qt as Lagergren equation 

10 (Fig. 3), so that the adsorption rate constant (k), 

Fig. 2. Relationship between adsorption capacity and 
contact times for first-order reaction

Fig. 3. Relationship between adsorption capacity and 
contact times for pseudo second-order reaction

Table 1: Comparison of first-order, the pseudo second-order rate constants, predictions and 
experimental qe values

   First-order reaction   Pseudo second-order reaction
   Co qe (mg/g)  K1(min-1) qe (cal) % error R2 K2(g/mg min) qe (cal) % error R2

(mg/L) experiment

80 44.2 0.062 13.04 -70.5 0.9369 0.0130 45.04 1.91 0.9998

 Determination coefficient for the first-order 
reaction was smaller than the pseudo second-order 
reaction, predictive value of adsorption capacity was 
compared to the experimental value of the optimum 
adsorption capacity had an error -70.5% (Table 1). 
So that the first-order reaction was less suitable to 
be applied as a model for the adsorption kinetics 
of synthetic zeolite adsorbent. Therefore, pseudo-
second-order reaction with the determination 
coefficient (R2) > 0.99 (Fig. 3 and Table 1) was 
more suitable for the adsorption kinetics of synthetic 
zeolite adsorbent, with the error of 1,91%. It can be 
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suggested that the kinetic parameters of adsorbent 
satisfied pseudo second-order reaction because 
it had a high degree of accuracy in predicting the 
optimum adsorption capacity. 

Effect of Temperature
 Adsorption of Cu(II) ions increased with 
increasing temperature of 300-315oK. (Fig. 4). The 
increase in the adsorption capacity due to at the 
higher temperatures  enhanced the active surface 
of the adsorbent, increased metal ion kinetic energy, 
and decreased the formation of metal ions due to the 
reduction of the effects of hydration, so that it may 
penetrate the deeper layers of pores4. 

 Enthalpy energy ( H0) of the synthetic zeolite 
adsorbent and Cu(II) adsorbate with concentration 
of 80 mg/L was 62 KJ mol-1 (Table 2), endothermic. 
Some studies have been reported by Fan et al., 
(2008)4 for the adsorbent (Penicillium simplicissium) 
and adsorbate Cd (II), Zn (II) and Pb (II). In  
Table 2, the change in entropy of adsorption 
energies are positive values. From these data it 
can be concluded that an increase in the degree of 
irregularity in the adsorbent-adsorbate system, so 
the metal ions adsorbed on the adsorbent were more 
disordered11. This phenomenon in the adsorption 
system is very beneficial because it can increase the 
stability of the adsorbent-adsorbate complex. 

 The value of the Gibbs free energy of 
adsorption systems is negative in all experimental 
temperature conditions (Table 2). This proves that 
the process was spontaneous adsorption system. 
The calculation of the free energy at temperature 
of 27, 32, 37 and 42, the value of which tends to be 
negative,  indicated that the spontaneous adsorption 
process at higher temperatures.

 Values of thermodynamic parameters of 
Cu(II) adsorption by synthetic zeolite was obtained 
from the calculation of the slope, intercept of linear 
equations  and Van't Hoff plot (Figure 5).

Fig. 4. Effect of temperature on the Cu2+ adsorption 
capacity (qe) at pH 4

Table 2: Thermodynamic parameters of Cu(II) adsorption by synthetic zeolite

    Thermodynamic parameters 
Adsorbent Adsorbate Cu2+ (mg L-1) Temperature (0C) G0 H0 S0

   (KJ mol-1) (KJ mol-1) (J mol-1)

  27 -2.2 62 214
Synthetic zeolite 80 32 -3.27  
  37 -4.34  
  42 -5.41  

Fig. 5. Plot Van't Hoff adsorption of 80 mg L-1 Cu(II) solution  
by synthetic  zeolite

Effect of Co-ions 
 Mn and Pb heavy metal ions were  metal 
ions that was often found in industrial effluents 
together with Cu metal ion. In this experiment, 
adsorbate Cu(II) is made from sulfate salt and 
applied to a binary system consisting of two types 
of ions in adsorbate solution, ie metal ions Cu2+ with 
Mn2+ and Cu2+ with Pb2+. Efficiency of adsorption 
capacity of Cu2+ ions was influenced by Mn2+ and 
Pb2+ ions. The presence of these ions (Mn2+, Pb2+) 
in Cu2+ adsorbate can decrease the efficiency and 
capacity of the Cu2+ adsorption. (Table 3). This is 
due to the competition between the metal ions of 
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Cu, Mn and Pb in getting the adsorbent active site to adsorbent-adsorbate complexes. 

Table 3:  Effect of co-ions on the efficiency of Cu2+ adsorption by synthetic zeolite

Adsorbent                     Initial concentration (mg L-1)             Adsorption capacity (mg g-1)       Adsorption efficiency (%)
   
 Cu Pb Mn Cu Pb Mn Total Cu Pb Mn
Synthetic zeolite 80 - - 25.78 - - 25.78 96.97 - -
 80 25 - 25.4 8.3 - 33.7 95.64 100 -
 80 - 25 25.16 - 3.081 28.24 94.56 - 38.06

 The presence of Pb or Mn ions in Cu(II) 
solution can simultaneously reduce the adsorption 
capacity of Cu (II), but can improve overall adsorption 
capacity. This phenomenon is due to a shift in the 
equilibrium towards the formation of adsorbent-
adsorbate complex with increasing concentration 
of the adsorbate.

CONCLUSION

 Adsorption kinetics was determined as the 
pseudo second-order. Adsorption reactions tend to 
be spontaneous and endothermic. The presence of 

Mn or Pb ions decreases the efficiency of adsorption 
of Cu2+ but increase the total adsorption capacity.
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