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ABSTRACT 
 

The removal of copper from aqueous solution by Amberjet 1500H, Amberjet 1300H and Amberlite IRC86 
ion exchange resins is described. The Amberjet 1500H shows a remarkable increase in sorption capacity for 
copper compared to other adsorbents. The adsorption process shows maximum removal of copper in pure aqueous 
solution for an initial copper concentration of 5.98 mmol/L. The metal ions adsorption could be fitted to Langmuir, 
Freundlich, Temkin and Dubinin–Radushkevich (D-R) isotherms. The adsorption of copper on these cation 
exchange resins follows pseudo-first-order kinetics,   pseudo-second-order kinetics and an Elovich equation. The 
intraparticle diffusion of copper on ion exchange resins represents the rate-limiting step. The uptake of copper by 
the first two ion exchange resins, have good potential for the removal/recovery of copper from aqueous solutions. 
The equilibrium constants were used to calculate thermodynamic parameters, such as the change of free energy, 
enthalpy and entropy. We conclude that such ion exchange resins can be used for the efficient removal of copper 
from water and wastewater. 
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Introduction 

The presence of heavy metal ions in water, mostly originating from industrial activities, has a critical impact 
on the environment and indirectly affects human health and other organisms (Fowler et al., 2015, Nordbery et al., 
2015). Heavy metal ions are not biodegradable. Therefore, suitable methods are needed to remove these elements 
from water. So far, many attempts have been dedicated to the effective removal of heavy metal ions from aqueous 
solutions and different methods have been developed such as chemical precipitation (Morteza et al., 2015), 
flotation (Huang et al., 2012) membrane filtration (Jie  et al., 2014), liquid extraction (Tien et al., 2013), reverse 
osmosis (Moti et al., 2015), electrochemical operation (Mohammed et al., 2011), electrodialysis (Caprarescu et 
al., 2015), separation (Mahmoud et al., 2015), adsorption (Oleksandra et al., 2015) and ion exchange processes 
(Wu et al., 2015). Physico-chemical techniques are attractive due to a variety of reasons such as process 
economics, reliability and ease of use. Copper is one of the heavy metal ions which may cause liver and 
eye damage at high uptakes (Hoffmann et al., 2009). The existence of heavy metals even with concentration of 
less than 0.1 ppm (μg per g) can be toxic to living organisms. According to World Health Organization (WHO) 
and Environmental Protection Agency (EPA) guidelines, the maximum allowed concentration of Cu ion in 
drinking water is 1.3 mg L−1 and 2.0 mg L−1, respectively (Tian et al., 2011). So far, various adsorbents have been 
used to remove copper(II) ions, such as activated carbon (Guangming et al., 2015) and graphite (Opeyemi et al., 
2014), Oxygen-containing compounds, including materials such as silica gel (Babak and Louis, 2015) and zeolites 
(Xin et al., 2011), clays (Đukić et al., 2015), graphen (Yasodinee  et al., 2015) and polymeric materials, 
commercial (Turner et al., 2015) or synthetic (Chang et al., 2015) differ in their functional groups, such as strongly 
acidic (Graeme et al., 2015), typically featuring sulfonic acid groups, strongly basic (Kolodynska, 2012), typically 
featuring quaternary amino groups, weakly acidic (Lichun et al., 2014), typically featuring carboxylic acid groups, 
weakly basic (Lichun et al., 2015), typically featuring primary, secondary and/or ternary amino groups. In addition 
to, specialised ion exchange resins are also known such as chelating resins (Morteza et al., 2015).  

Chelating resins are of most interest for nickel and copper recovery. This class of sorbents has a high 
selectivity for copper, nickel and cobalt. Comparative test work on the sorption of nickel and cobalt by chelating 
resins Dowex M4195, Amberlite IRC748, Ionac SR-5, and Purolite S930 from synthetic solutions simulating 
pressure acid leach liquors has been carried out by Mendes and Martins (2004). It was found that all the above 
ion exchange resins are suitable for nickel and cobalt recovery from weakly acid solutions. Among these sorbents, 
Dowex M4195 showed the best results for nickel and cobalt selective sorption. In a further study (Seggiani et al., 
2006), three chelating resins Lewatit TP-207 (Na+), Purolite S-930 (Na+), and Amberlite IRC-748 (Na+) have been 
examined for nickel recovery. The authors noted that among the resins tested, the resin TP-207 (Na+) showed the 
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highest capacity towards nickel. At the same time, as was correctly pointed out by Mendes and Martins (2004), a 
higher degree of recovery does not necessarily provide an advantage of one resin over the others, since selectivity 
and acid desorption efficiency are also important parameters. This is particularly important given the presence of 
copper in the leach liquors, which is not as easily desorbed as nickel. 

The main objective of this study was to investigate the equilibrium and kinetic parameters of copper onto 
Amberjet 1500H, Amberjet 1300H and Amberlite IRC86 cation exchange resins. In addition, various parameters 
such as Cu2+ ion concentration, solution acidity, amount of resin, temperature were studied to optimize the 
conditions for effective removal of copper ion from aqueous solution.  
  

Chemicals and reagents 
 
    The following chemicals (Analytical grade) were employed: Copper(II) chloride, hydrochloric acid, sodium 
hydroxide. Solutions were prepared with redistilled water. All the chemicals were used as purchased, unless 
otherwise stated. 
Resin  
     A strong-acid cation exchange resin Amberjet 1500H and Amberjet 1300H with sulphonic acid  group (-SO3H) 
and Amberlite IRC86 with carboxylic group was used in this work.   
 
Batch experiments 
     Kinetics experiments were carried out in a thermostated shaker at 20 ± 0.5 0 C and 100 ± 10 rpm. 0.5 g of the 
resin and 50 ml of copper chloride aqueous solution were stirred in the shaker. Furthermore the adsorption studies 
were also carried out by varying time interval (5.0–420 min) at 5.98 mmol/L concentration of the copper ion to 
optimize the time required for the removal of this metal ion from its solution. Samples were withdrawn at desired 
time intervals. Complexometric titration technique was used to determine the Cu2+ concentration in the 
supernatants after the adsorption onto the resin.  
The amount of metal ion adsorbed per unit of adsorbent (qe) and removal yield (R %) were calculated by Eqs. (1) 
and (2), respectively: 

q� =
(�����)�

�×����
      -----------------------------------------------------------------------------------------------------------        1 

Removal yield (R %) =
�����

��
× 100   ----------------------------------------------------------------------------------       2 

where qe is the equilibrium adsorption capacity (mmol g-1), Co and Ce is the metal ion concentration (mmol L-1) 
at initial and equilibrium state, respectively, V is the volume of solution (L) and W is the mass (g) of adsorbent. 

Results and Discussion 

Effect of initial copper concentration  
The effect of initial copper concentration on the efficiency of its adsorption onto the three resins was 

investigated in the initial concentration range of 2.06 - 9.88 mmol/L and the results are shown in Fig.1. The 
percentage removal of Cu2+ increased onto both Amberjet 1500H and Amberjet 1300H by increasing the initial 
concentration of Cu2+ up to 8.1 mmol/L then decreased at 9.88 mmol/L. In the process, the copper molecules 
primarily encounter the boundary layer effect and then diffuse from boundary layer film onto adsorbent surface 
and finally diffuse into the porous structure of the adsorbent, which will take relatively longer contact time (El 
Ouardi et al., 2013). Thus, the ion-exchange resins can be efficiently used for the removal of low concentration 
copper from aqueous solutions. While the adsorption percentage of Cu2+ decreased onto Amberlite IRC86 by 
increasing the initial concentration of Cu2+ probably due to the saturation of the active binding sites on the resin 
surface at higher copper concentrations. The higher initial concentration of copper provides an important driving 
force to overcome the mass transfer resistance for copper transfer between the solution and the surface of the 
resins (Ghaedia et al., 2012). Finally, by increasing the initial copper concentration the actual amount of copper 
adsorbed per unit mass of the resins increased. 
 
Effect of resin dosage on adsorption 

Fig. 2 shows the removal of copper as a function of resin dosage using 1500H, 1300H and IRC86 in aqueous 
solution. The resin dosage was varied from 0.25 to 6.0 g and equilibrated for 6 h. It is clear that for the maximum 
removal percentage of 99.33, 98.73 and 52% of copper requires a minimum resin dosage of 6, 6 and 4 g for 1500H, 
1300H and IRC86, respectively. The data clearly shows that all the resins have a high level of performance in 
terms of the removal of copper. The observed differences may be due to the high ion exchange capacity of 1500H, 
1300H and IRC86. The experimental results revealed that the copper removal efficiency increases up to an 
optimum dosage beyond which the removal efficiency does not change (Rengaraj and Moon, 2002). It may be 
concluded that by increasing the adsorbent dose the removal efficiency increases but adsorption density decreases. 
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The decrease in adsorption density can be attributed to the fact that some of the adsorption sites remain unsaturated 
during the adsorption process; whereas the number of available adsorption sites increases by an increase in 
adsorbent and these results in an increase in removal efficiency. As expected, the equilibrium concentration 
decreases with increasing adsorbent doses for a given initial copper concentration, because for a fixed initial solute 
concentration, increasing the adsorbent doses provides a greater surface area or adsorption sites (Ho et al., 1995). 
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Fig. 1 Effect of different concentrations on copper removal
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Fig. 2 Effect of resins dose on copper removal percentage

 
 

The effect of solution acidity on adsorption 
The adsorption behavior of metals is significantly influenced by pH which affects the ionization of the 

surface functional groups on resins. In this study, initial pH values for all the experiments were controlled in the 
range of 0.001-1.0 M HCl to avoid the chemical precipitation of metal ions. Fig. 3 showed the uptake of Cu2+ at 
different concentrations of HCl. An abrupt decrease of adsorption capacity was observed when concentration of 
HCl changed from 0.001-1.0 M HCl then no copper uptake after 0.01 M HCl using Amberlite IRC86 as weak 
cation exchange resin. Whereas, by using both Amberjet 1500H and Amberjet 1300H as strong cation exchange 
resins, the uptake of copper has no significant after 1.0 M HCl. 

The adsorption trends could be ascribed to the competition between Cu2+ and hydrogen ions. At low pH, 
functional groups of the resin groups are present in protonated form and the active sites of the adsorbent are less 
available for Cu2+ due to greater repulsive forces. Hydrogen ion is the most favorable cation for weak acid resins 
and excessive hydrogen ions could compete with Cu2+ and further decrease the metal uptake. At intermediate pH 
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Middle East J. Appl. Sci., 5(4): 1017-1027, 2015 
ISSN 2077-4613 

 

1020 
 

values, carboxylic groups on the resin are deprotonated, hence Cu2+ can be adsorbed more effectively by Amberlite 
IRC86 resin. However, for both Amberjet 1500H and Amberjet 1300H as strong cation exchange resins, Hydrogen 
ion is the lower favorable cation for sulphonic acid groups and excessive hydrogen ions could little compete with 
Cu2+ than carboxylic groups on the weak resin. Our results agree well with many researches (Ling et al., 2010; 
Tan et al., 2008; Congcong et al., 2015; Lichun, 2014).  
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Fig.3 Effect of HCl concentrations on copper removal

 
 
The distribution ratio (D) 
    Distribution ratio D for copper ions was determined by the batch method at different temperature systems. The 
distribution ratio, D, is defined as the ratio of metal ion concentration on the resin to that in the aqueous solution 
and can be used as a valuable tool to study Cu2+ ions mobility. The distribution ratio D is defined by the following 
relationship: 
               Weight (in mg) of metal ion taken up by 1 g of polymer 
D=   
                Weight (in mg) of metal ion present in 1 mL of solution 
 
Various portions of (500 mg each) the resin were taken in Erlenmeyer flasks and mixed with 50 ml of different 
metal ion solutions in the aqueous medium and subsequently shaken for 24 h in temperatures controlled shaker at 
20, 35 and 45 0C to attain the equilibrium. High values of distribution ratio (as in aqueous-Amberjet 1500H and 
–Amberjet 1300H systems), indicate that the metal has been retained by the solid phase through sorption reactions, 
while lower values of D (as in aqueous-Amberlite IRC86 system), indicate that a large fraction of the metal 
remains in solution. Fig. 4 shows that the distribution ratio (D) values increase with the increase in temperatures 
of metal solutions. The rapid metal sorption has significant practical importance, as this will facilitate with the 
small amount of resin to ensure efficiency and economy. 
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Adsorption isotherms 
In order to gain a better understanding of the mechanism, four models are utilized to fit the sorption data 

Freundlich, Langmuir (Giorgos et al., 2015, Tingshun et al., 2015), Dubinin and Radushkevich, 1947 (D-R) and 
Temkin (Jhaa et al., 2008) isotherm models. 
The Langmuir isotherm is represented by the following equation: 
��

��
=  

�

������
+  

��

����
      -----------------------------------------------------------------------------------------------------     3 

 
where Ce (mmol/L) is the equilibrium concentration of metal ions remaining in solution, qe (mmol/g) is the amount 
of metal ions adsorbed per weight unit of sorbent after equilibrium, Qmax (mmol/g) is the maximum sorption 
capacity of metal ions, and KL (L/mmol) is a constant that relates to the heat of sorption. 
The Freundlich model is represented by the following equation: 

log q� = log K� +
�

�
log C� ---------------------------------------------------------------------------------------------------   4 

where kf represents the sorption capacity when metal ion equilibrium concentration equal 1, and n represents the 
degree of dependence for sorption with equilibrium concentration. 
Another equation used in the analysis of isotherms was proposed by Dubinin and Radushkevich, 1947 (D-R). 
The D–R equation has the linear expression as follows: 

ln q� = ln X���  –  βƐ�  -----------------------------------------------------------------------------------------------------   5  
where qe is defined as above, X��� (mol/g) is the maximum sorption capacity, β is the activity coefficient related 
to mean sorption energy (mol2/kJ2) and Ɛ is the Polanyi potential, which is equal to: 

Ɛ =  RT ln(1 + 
�

��
)   ---------------------------------------------------------------------------------------------------------   6 

where R is the ideal gas constant (8.3145×10-3 KJ mol-1 K-1), and T is the absolute temperature (K). The value of 
E��� is related to the sorption mean free energy (kJ mol-1). The relationship is expressed as: 

E���  =  
�

����
        -------------------------------------------------------------------------------------------------------------  7 

The magnitude of E��� is useful to estimate the type of sorption reaction. The E��� value in the range of 1–8 KJ 
mol-1 indicates physical adsorption, the value between 8 and 16 kJ mol-1 signifies an ion-exchange process, its 
value in the range of 20–40 KJ mol-1 is indicative of chemisorption (Yongfeng et al., 2015).  
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. The Temkin isotherm has been used in 
the following form:  

q�  = �
��

��
� ln A�  + �

��

��
� ln C�  ----------------------------------------------------------------------------------------------   8 

Or 
q�  = B� ln A�  + B� ln C�   --------------------------------------------------------------------------------------------------   9 
where R is gas constant (8.314 J mol−1 K−1), T is temperature (K), A� is the equilibrium binding constant (L g−1) 
corresponding to the maximum binding energy, and constant B� = (RT b�)⁄  is related to the heat of adsorption. 
A plot of q _e versus ln C� (Fig. not shown) is used to calculate the Temkin isotherm constants A� and B�.  
 

Table 1: Adsorption isotherm parameters of Cu2+ on different ion exchange resins in aqueous solution. 

Isotherm parameters 

Resins 

Amberjet 1500H Amberjet 1300H 
Amberlite 

IRC86 

Langmuir 

parameters 

Qmax (mmol/g) 0.4816 0.4619 0.0223 

KL (L/mmol) 20.5516 14.0698 0.2589 

RL 0.0082 0.0120 1.8245 

R2 0.9982 0.9912 0.9989 

Freundlich 

parameters 

n 10.3477 8.2960 0.2421 

KF  0.5055 0.4988 75.67 

R2 0.9540 0.7769 0.9996 

Temkin 

parameters 

AT (L/g) 6.1 x 10-5 3.92 x 10-4 16x 102 

BT (J/mol) 0.0520 0.0636 0.4801 

R2 0.9384 0.9620 0.9997 

D-R 

parameters 

Β (mol2/KJ2) 8.0 x 10-9 1.3 x 10-8 5.9 x 10-7 

XD-R (mmol/g) 0.5015 0.4819 0.0365 

E_(D-R) (KJ/mol) 7.887 6.254 0.922 

R2 0.7459 0.8584 0.9727 

The fitting results of Cu2+ adsorption on the resins are listed in Table 1. According to the values of correlation 
coefficients, the Langmuir model are more suitable than the Freundlich model to describe the adsorption process 
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onto both Amberjet 1500H and Amberjet 1300H. The adsorption isotherm of Cu2+ on two resins followed the 
Langmuir model. It was notable that the temperature rise from 293 K to 318 K resulted in a corresponding increase 
in the adsorption capacity of Cu2+, which indicated that uptake of Cu2+ onto two resins was an endothermic 
process. Whereas adsorption isotherm of Cu2+ onto Amberlite IRC86 behave opposite trends, since the values of 
correlation coefficients of the Freundlich model are more suitable than the Langmuir model to describe the 
adsorption process. The adsorption isotherm of Cu2+ on this resin followed the Freundlich model.  
For the Langmuir isotherm model, a dimensionless constant (RL), commonly known as separation factor or 
equilibrium parameter can be used to describe the favorability of adsorption on the polymer surface by:  

R�  =  
�

(������)
    --------------------------------------------------------------------------------------------------------------  10 

where ��  is the initial Cu2+ concentration and K�  is the Langmuir equilibrium constant. The more favorable 
adsorption is reflected by lower RL values; the adsorption could be either unfavorable (RL > 1), linear (RL = 1), 
favorable (0 < RL < 1) or irreversible (RL = 0). The RL values for the adsorption of both metal ions are given in 
Table 1, which reveals that the values fall in the preferred region (i.e., 0 < RL < 1) for Amberjet 1300H. Whereas, 
Amberlite IRC86 shows an opposite trend, since RL value ˃ 1. The lower values of RL for the copper adsorption 
onto Amberjet 1500H (approaching 0) point toward irreversible nature of the adsorption.  
The E_(D-R) values of the three resins obtained were approximately < 8 kJ/mol, which were in the energy range 
of physisorption reaction. The sorption capacities XD-R derived from the D–R model using Amberjet 1500H were 
higher than those derived from the Langmuir model while by using both Amberjet 1300H and Amberlite IRC86 
were higher than those derived from the Langmuir model. This could be attributed to the different assumptions 
adopted in the formulation of the isotherms. The differences have also been reported in other work (Tan et al., 
2008; Ozcan et al., 2006).  
 
Adsorption kinetics 

Kinetic studies were carried out using different models, namely, pseudo-first order, pseudo-second order, 
Elovich and Fickian diffusion’s intraparticle model to analyse the experimental data (Giorgos et al., 2015; Shek 
et al., 2009; Chien, et al., 1980; Özacar and Singl, 2005). 
The uptake-time curves (Fig. 5) showed that the maximum uptake followed the order of Amberjet 1500H 
> Amberjet 1300H > Amberlite IRC86 at all-time intervals under the initial concentration of 5.98 mmol/L. The 
kinetic curves revealed that the adsorption on the three resins was initially rapid within the first 30 min, reached 
equilibrium after approximately 240 min and remained constant until the end of the experiment. The adsorption 
of Amberlite IRC86 was slower than that of Amberjet 1500H and Amberjet 1300H , demonstrated the slowest 
kinetic profile and the lowest adsorption capacity of copper, reaching equilibrium after approximately 240 min. 
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Fig. 5 Effect of contact time of copper removal onto the three resins 

 
 
 The rapid initial uptake indicates that the adsorption process is favourable, whereas the slower rate of uptake to 
reach equilibrium is due to the diminished availability of free adsorption sites and uptake in the narrow, hindered 
pore regions. 
 To further analyze the adsorption kinetics, four models were applied to describe the adsorption kinetics. Each 
model is expressed as follows. 
The pseudo-first-order kinetic model is given as: 
log(q�– q�)  = log q�,� – k�t   ----------------------------------------------------------------------------------------------    11 
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The pseudo-second-order equation is expressed as: 
�

��
 =  

�

����,�
� +

�

��,�
      ----------------------------------------------------------------------------------------------------------   12 

h = k�q�,�
�     -------------------------------------------------------------------------------------------------------------------   13 

The Elovich equation 
The adsorption data may also be analyzed using the Elovich equation (Özacar and Sengil, 2005), which expressed 
as follows: 
���

��
= � exp (−���)  --------------------------------------------------------------------------------------------------------    14 

To simplify the Elovich equation, Chien and Clayton (1980) assumed �� ≫ 1 and by applying the boundary 
conditions qt = 0 at t = 0 and qt = qt at t = t. Eq. (14) becomes: 

q� =
�

�
ln(��) +

�

�
ln �     ---------------------------------------------------------------------------------------------------    15 

where � is the initial sorption rate constant (mmol/g min), and the parameter � is related to the extent of surface 
coverage and activation energy for chemisorption (g/mmol) ( Shek et al., 2009). 
Fickian diffusion law is expressed as: 
��  =  ��� ��.�  +  �     -------------------------------------------------------------------------------------------------------   16 
where qt (mmol/g) is the adsorption capacity at time t, qe (mmol/g) is the adsorption capacity at equilibrium, h 
(mmol/g min) is the initial adsorption rate constant of pseudo-second-order. k1 (min−1) and k2 (g/mmol min) are 
the adsorption rate constants of pseudo-first-order, and pseudo-second-order isotherms (Table 2a). Constant kid 
(mmol/(g min0.5) is the intra-particle diffusion rate, and C is the intercept of the plots (Fig. not shown). The kinetic 
parameters for the adsorption of Cu2+ on different adsorbents are given in Table 2b. Different results were obtained 
from the kinetic models for the three resins, indicating the different adsorption kinetics for three resins. The 
pseudo-first-order equation was determined to be the best model for Cu2+ adsorption onto both Amberjet 1500H 
and Amberjet 1300H, with the highest correlation coefficients (R2 > 0.98) among the four equations (Fig. not 
shown). From the results also we can observe the pseudo-second-order equation for Amberlite IRC86 was 
determined to be the best model for Cu2+ adsorption, with the highest correlation coefficients (R2 > 0.98) among 
the four equations. Therefore, it was indicated that the adsorption rate of Cu2+ depended on temperature at the 
external surface of the adsorbent. When the temperature was increased, the initial adsorption rate h (mmol/g min) 
of Amberjet 1500H, Amberjet 1300H and Amberlite IRC86 also increased from 0.0092 to 0.0316 (g/mmol min), 
0.0102 to 0.0246 (g/mmol min) and 0.0078 to 0.0145 (g/mmol min), respectively. The value h for Amberjet 1500H 
was the higher of the two resins, suggesting that Amberjet 1500H possesses the fastest kinetics among three 
investigated resins.  
 
Table 2a: Kinetic parameters of Cu2+ on different ion exchange resins in aqueous solution. 

Resins Temp.K 

Pseudo first-order model Pseudo second-order model 

qe,1,cal 

(mmol/g) 

K1 

(min-1) 
R2 

qe,2,cal 

(mmol/g) 

K2 

(g/mmol min) 
R2 

h 

(mmol/g 

min) 

Amberjet 

1500H 

293 0.4147 0.0115 0.9884 0.6274 0.0235 0.9639 0.0092 

308 0.4432 0.0154 0.9938 0.6188 0.0527 0.9970 0.0202 

318 0.3807 0.0158 0.9855 0.6193 0.0824 0.9984 0.0316 

Amberjet 

1300H 

293 0.4839 0.0151 0.9988 0.6054 0.0278 0.9942 0.0102 

308 0.4058 0.0155 0.9954 0.5734 0.0625 0.9976 0.0206 

318 0.4302 0.0174 0.9717 0.6180 0.0644 0.9989 0.0246 

Amberlite 

IRC86 

293 0.0611 0.0220 0.9822 0.1011 0.7601 0.9959 0.0078 

308 0.0884 0.0239 0.9787 0.1327 0.5263 0.9993 0.0093 

318 0.0714 0.0210 0.9476 0.1470 0.6723 0.9996 0.0145 

A linear relationship was obtained between q� and (�� �) over the whole temperatures of copper (figures 
are not shown). the kinetic constants obtained from the Elovich equation are presented in table 2b. Additionally, 
the values of correlation coefficients between (0.9573-0.9887), (0.9542-0.9867) and (0.9785-0.9838) for Amberjet 
1500H, Amberjet 1300H and Amberlite IRC86, respectively. The relatively high values of the correlation 
coefficients in all the points suggest that, the sorption of copper onto the three resins is may be appropriately 
represented by an Elovich kinetic model. 

For Fickian diffusion law, all the correlation coefficients were relatively low and the intercept of plots 
revealed obvious boundary layer effect (Table 2b). Larger intercept means greater contribution of surface 
adsorption as the rate-controlling step. In addition, it was essential for the plots of qt versus t0.5 to go through the 
origin if the intra-particle diffusion was the sole rate-limiting step. However, all the linear portions did not pass 
through the origin (all intercepts were in the range of 0.0087-0.1524), indicating that intra-particle diffusion maybe 
not only the rate-controlling factor (Ho and McKay, 2003).  
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Table 2b: Kinetic parameters of Cu2+ on different ion exchange resins in aqueous solution. 

Resins 
Temp., 

K 

Intraparticle diffusion model Elovich model 

Kint 

mmol/(g min0.5) 

C 

(mmol/g) 
R2 

α  

mmol/g min 

β 

g/mmol 
R2 

Amberjet 1500H 

293 0.0343 -0.0087 0.9925 0.0255 8.369 0.9573 

308 0.0333 0.0839 0.9447 0.0513 8.331 0.9842 

318 0.0309 0.1524 0.8759 0.0852 8.701 0.9887 

Amberjet 1300H 

293 0.0249 0.0599 0.9480 0.0271 8.509 0.9542 

308 0.0316 0.0960 0.9128 0.0565 9.335 0.9863 

318 0.0319 0.1367 0.8819 0.0633 8.455 0.9867 

Amberlite IRC86 

293 0.0040 0.0273 0.9382 0.0321 61.767 0.9785 

308 0.0040 0.0425 0.8382 0.0309 44.248 0.9838 

318 0.0035 0.0515 0.8202 0.0640 43.764 0.9476 

Amberjet 1500H exhibited the fastest kinetic property for Cu2+ removal among the three studied resins. Compared 
with Amberjet 1300H, the kinetic superiority of Amberjet 1500H was ascribed to its higher exchange capacity 
and smaller particle size. On the other hand, Amberjet 1500H and Amberjet 1300H had the same matrix structure, 
functional groups and exchange capacity. Compared with the Amberlite IRC86 also which had different matrix 
structure, functional groups and exchange capacity. 
This was further evidence indicating that the active sites of the three resins are mainly distributed on the external 
surface. The adsorption rate of Amberjet 1500H was faster than Amberjet 1300H because of its higher external 
surface area. Therefore, the external surface of resins was the key factor in rate-controlling (Yu et al., 2012).  
 
Adsorption thermodynamics  

The effect of temperature on the adsorption of copper in aqueous solution onto the three ion-exchange 
resins was performed to evaluate the influence of metal ion adsorption capacity. The removal percentage of copper 
onto the Amberjet 1500H, Amberjet 1300H and Amberlite IRC86  ion-exchange resins (Fig. not shown) was 
raised from 84.62 to 95.65%, 81.94 to 93.98% and 16.05 to 23.585% for the three resins respectively, with increase 
in temperature from 293 to 318 K. This may be due to the formation of new active sites in the ion-exchange resins 
to increase in temperature. The adsorption amount also augmented with an increase of temperature.  
For the three resins, the amount of Cu2+ adsorbed order generally follows the sequence; Amberjet 1500H 
> Amberjet 1300H > Amberlite IRC86 at all temperatures under the initial concentration of 5.98 mmol/l, 50 ml 
copper solution and 0.5g of each resin. Increase of adsorption capacities at equilibrium of Cu2+ on three resins as 
the temperature increased (Fig. 6), indicating also an endothermic process and a possible type of chemical 
adsorption mechanism occur.  

Fig. 6 Effect of temperature of Cu
2+

 on adsorption capacity onto the three resins 
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The thermodynamic parameters provide in-depth information on inherent energetic changes that are associated 
with adsorption, including free energy change (ΔG°), enthalpy change (ΔH°) and entropy change (ΔS°), which 
can be respectively estimated by the following equations, (Zhang, et al., 2012; Ling et al., 2010; Liu et al., 2011). 
∆G = −RT ln(K�)  ----------------------------------------------------------------------------------------------------------    17                                                    

��  =  
��

��
�   -----------------------------------------------------------------------------------------------------------------   18                                          
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ln K� =
∆�

�
−

∆�

��
   -------------------------------------------------------------------------------------------------------------   19   

where Kd is the equilibrium constant, ΔH° (kJ/mol) is the change in enthalpy, ΔS° (J/(mol.K)) is the change in 
entropy, ΔG° (kJ/mol) is the Gibbs free energy, T (K) is the absolute temperature and R (8.314 J/(mol K)) is the 
gas constant. 
The calculated thermodynamic parameters are presented in Table 3. All of the ΔH° values were positive, 
demonstrating an endothermic process. The negative ΔG° at higher temperatures and positive ΔG° at low 
temperatures accompanied by the positive ΔS° suggested that the sorption reactions are spontaneous with a high 
affinity and presence of energy barrier also for Cu2+ using both Amberjet 1300H and Amberlite IRC86. This is 
may be due to at high temperature, Cu2+ was readily desolvated, and thereby its uptake by resins was favored. 
However, adsorption process onto Amberlite IRC86 ΔG° became positive values at all temperatures, which 
indicated presence of energy barrier.  
The positive enthalpy change (∆H°) values for the metal ions adsorption reaction (Table 3) indicate the 
endothermic nature of the present reaction. ∆Ho values obtained from adsorption of Cu2+ onto Amberlite IRC86 
cation exchange resin are lower than that onto Amberjet 1500H and Amberjet 1300H. This result for Cu2+ gives 
clear evidence that the interactions between Cu2+ and the carboxylic groups of the Amberlite IRC86 resin may be 
weaker than that of sulphonic groups of both Amberjet 1500H and Amberjet 1300H resins. The low value of ∆H° 
(<40 kJ mol-1) for Cu2+ onto both Amberjet 1500H and Amberlite IRC86 resins indicated that adsorption process 
occurs mainly through a physical means. Whereas, the high value of ∆H° (˃40 kJ mol-1) for Cu2+ onto Amberjet 
1500H resin indicated that adsorption process occurs mainly through a chemical means. On the other hand, the 
positive values of Ea and ∆H° indicate the presence of an energy barrier in the adsorption process (Mehmet, 2009). 
The positive values for these parameters are quite common because the activated complex in the transition state 
is in an excited form. However, the negative values of ∆G° increases with increasing temperature indicate the 
feasibility and spontaneity of the metal ion adsorption process on the resin. However, adsorption process onto 
Amberlite IRC86, ΔG° became positive values at all temperatures, which indicated presence of energy barrier.  
The positive entropy change (∆S°) for this reaction (Table 3) has also indicated the increase in number of species 
at the solid–liquid interface and, hence the randomness in the interface which is presumably due to the release of 
aqua molecules when the aquated metal ion is adsorbed on the surface of the adsorbent and significant changes 
occur in the internal structure of the adsorbent through the adsorption of the metal ions onto the resin (Sushanta 
et al., 2014). 
A linear relationship can be found out in (Figs. not shown) with a regression coefficient R2 in table 3. Ea values 
for Cu2+ are observed to be 38.318, 32.383 and 2.916 KJ/mol for Amberjet 1500H, Amberjet 1300H and Amberlite 
IRC86 resins, respectively.  
These results, as tabulated in table 3 are indicating that the adsorption has a slightly higher potential barrier for 
both Amberjet 1500H and Amberjet 1300H resin systems and prove that the sorption processes is chemisorption 
nature. Whereas, Amberlite IRC86 has a lower potential barrier compared to the two resin systems and 
demonstrate that the sorption processes is physisorption nature. 
  
Table 3: Thermodynamic parameters of Cu2+ on different ion exchange resins in aqueous solution. 

Thermodynamic parameters 
Resins  

Amberjet 1500H Amberjet 1300H Amberlite IRC86 

∆S0 (J/mol. K) 138.487 117.305 18.193 

∆H0 (KJ/mol.) 42.135 36.517 14.953 

R2 0.961 0.780 0.992 

Temp., K ∆G0 

293 14.562 1.925 9.638 

308 -234.0 1.000 9.304 

318 -2.084 -1.177 9.196 

S* 2.368 x 10-8 3.314 x 10-7 0.254 

E_a (KJ/mol.) 38.318 32.383 2.916 

R2 0.951 0.758 0.999 

 In order to further support the assertion that the adsorption is the predominant mechanism, the values of the 
activation energy (Ea) and sticking probability (S*) were estimated from the experimental data. They were 
calculated using a modified Arrhenius type equation related to surface coverage as expressed in equations: 

θ = 1 −
��

��
  --------------------------------------------------------------------------------------------------------------------   20 

S∗ = (1 − θ) exp �−
��

��
�    -------------------------------------------------------------------------------------------------   21                                    

The sticking probability, S*, is a function of the adsorbate/adsorbent system under consideration and is dependent 
on the temperature of the system. The parameter S* indicates the measure of the potential of an adsorbate to 
remain on the adsorbent indefinitely. It can be expressed as in Table 3. 

http://www.sciencedirect.com.search.sti.sci.eg:2048/science/article/pii/S0304389414001745
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The effect of temperature on the sticking probability was evaluated throughout the temperature range from 293 to 
318 K by calculating the surface coverage at the various temperatures. Table 3 also indicated that the values of 
S* ≤ 1 for Amberjet 1500H, Amberjet 1300H and Amberlite IRC86 resins, hence the sticking probability of the 
Cu2+ ion onto the three resin systems are very high.  

The apparent activation energy (Ea) and the sticking probability (S*) are estimated from the plot (Fig. not 
shown). The positive values of the apparent activation energy Ea also indicated that the higher solution temperature 
favors the adsorption process and also the adsorption process is endothermic in nature (Singha and Das, 2013).  

References  

Babak, F., Louis, M., 2015. Separation and Purification Technology 139, 14–24. 
Caprarescu, S., C., Radu, A., Purcar, V., et al., 2015.  Applied Surf. Sci. 329, 65–75. 
Chang, L., Duan, H., Wang, X., et al., 2015. Chem. Eng. J. 262, 250–259. 
Chien, S.H., Clayton, W.R., 1980. Soil Sci. Soc. Am. J. 44, 265–268. 
Congcong, S., Chen, C., Wen, T., et al., 2015.  J. Colloid and Interf. Sci. 456, 7-14. 
Dubinin, M.M., Radushkevich, L.V., 1947. Chem. Zentr, 1, 875–889. 
Đukić, A.B., Kumrić, Vukelić, K.R., et al., 2015. Applied Clay Sci. 103, 20-27. 
El Ouardi, M., Alahiane, S., Qourzal, S. et al., 2013. American Journal of Analytical Chemistry 4, 72-79 
Fowler, B.A., Prusiewicz, C.M., Nordberg M., 2015. Metal Toxicology in Developing Countries, Chapter 25; 

DOI: 10.1016/B978-0-444-59453-2.00025-1, 529–545. 
Ghaedia, M., Sadeghiana, B., Pebdania, A.A., et al., 2012. Chem. Eng. J. 187, 133–141. 
Giorgos M., Mitrogiannis, D., Celekli, A., et al., 2015. Chemical Engineering Journal 259, 806–813. 
Graeme, J. M., Schot, A., Couperthwaite, S.J., 2015. J. Environm. Chem. Eng. 3, 373–385. 
Guangming,  Z., Liu, Y., Tang,  L., et al., 2015. Chem. Eng. J. 259, 153–160. 
Ho, Y.S., McKay, G., 2003. Process Biochem. 38, 1047–1061. 
Ho, Y.S., Wase, D.A.J., Forster, C.F., 1995. Water Res. 29, 1327–1332. 
Hoffmann, G., 2009. Veterinary Clinics of North America: Small Animal Practice 39, 489–511. 
Huang, C., Lin, H., Huo, H., et al., 2010. Bioresource Technology  114, 255–261. 
Jiang, T., Liu., W., Mao, Y., et al., 2015. Chem. Eng. J. 259, 603-610. 
Jie, G., Sun, S., Zhu, W., Chung, T., 2014. Water research 63, 252-261. 
Kolodynska, D., 2012. Chem. Eng. J. 179, 33–43. 
Lai, Y., Thirumavalavan, M., Lee, J., 2010. Toxicol. Environ. Chem. 92, 697–705. 
Lichun, F., Liu, F., Ma, Y., et al., 2015. Chem. Eng. J., 263, 83–91. 
Lichun, F., Shuang, C., Liu, F., et al., 2014.  J.  Hazard. Mater. 272, 102-111. 
Ling, P.P., Liu, F.Q., Li, L.J., et al., 2010, Talanta 81, 424–432. 
Liu, F.Q., Li, L.J., Ling, P.P., et al., 2011. Chem. Eng. J., 173, 106–114 
Mahmoud, R., Abbasi, S., Khani, H., Sahraei, R., 2015. Food Chemistry 173, 266–273. 
Mehmet, U., 2009. Microporous and Mesoporous Materials 119, 276–283. 
Mendes, F.D., Martins, A.H., 2004. Int. J. Miner. Process 74, 359–371. 
Morteza, D., hmadpour, A., Bastami, T. R., 2015. Journal of Magnetism and Magnetic Materials 375, 177-183. 
Moti, K., Semiat, R., Carlos, G.D., 2015. Desalination 364, 53–61. 
Nordbery, G.F., Fowler, B.A., Nordberg, M., 2015. Toxicology of Metals: Overview, Definitions, Concepts, and 

Trends, Chapter 1; DOI: 10.1016/B978-0-444-59453-2.00001-9, 1–12. 
Oleksandra, S., Belyakova, L., 2015. J. of Hazardous Mater. 283, 643–656. 
Opeyemi, O., Oyefusi, A., Neelgund, G., Ok, A., 2014. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy. 118, 857–860. 
Özacar, M., Sengil, I.A., 2005. Process Biochem. 40, 565–572. 
Ozcan, A., Oncu, E.M., Ozcan, A.S., 2006. Colloids Surf. A: Physicochemical and Engineering Aspects 277, 90–

97. 
Rengaraj, S., Moon, S., 2002. Water Res. 36, 1783–1793. 
Seggiani, M., Vitolo, S., D'Antone, S., 2006. Hydrometallurgy, 81, 9–14. 
Shek, T.H., Ma, A., Lee, V.K.C., McKay, G., 2009. Chem. Eng. J. 146, 63–70.  
Singha, B., Das, S. K., 2013. Colloids and Surf. B: Biointer. 107, 97– 106. 
Sushanta, D., Maity, A., Pillay, K., 2014. J. Environ. Chem. Engineering 2, 260–272.  
Tan, X.L., Chen, C.L., Yu, S.M., Wang, X.K., 2008. Appl. Geochem. 23, 2767–2777. 
Tian, Y., Wu, M., Liu, R., 2011. Carbohydr. Polym., 83, 743–748. 
Tien Y., M. Wu, R. Liu, Y. Li, D. Wang, J. Tan, R. Wu, Y. Huang; Carbohydr. Polym., 83 (2013), pp. 743–748. 
Turner, G.S.C., Mills, G.A., Burnett, J.L., et al., 2015. Analytica Chimica Acta 854, 78–85. 
Wimalasiri, Y., Mossad, M., Zou, L., 2015.  Desalination  357, 178–188. 
Wu, X., Liu Y., Liu, Y., Di, D., 2015. Colloids and Surf. A: Physicochemical and Engineering Aspects 469, 141–

149. 

http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/01694332
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0960852412005524
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/09608524
http://www.sciencedirect.com.search.sti.sci.eg:2048/science/article/pii/S0304389414001745
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0011916415001344
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/00119164


Middle East J. Appl. Sci., 5(4): 1017-1027, 2015 
ISSN 2077-4613 

 

1027 
 

Yang, X., Yang, S., Yang, S., et al., 2011; Chemi. Eng. J. 168, 86–93. 
Yongfeng Z., Yian Z., Aiqin W. 2015. Internat. J. Biological Macromolecules 72. 410–420. 
Yu, K., Gu, C., Boyd, S.A., et al., 2012. Environ. Sci. Technol. 46, 8969–8975. 
Zhang, M.C., Zhou, Q., Zhou, Y., 2012. Chinese Chem. Lett. 23, 1267–1270. 
 


	Results and Discussion
	Effect of initial copper concentration 
	Effect of resin dosage on adsorption
	The effect of solution acidity on adsorption
	Adsorption isotherms
	In order to gain a better understanding of the mechanism, four models are utilized to fit the sorption data Freundlich, Langmuir (Giorgos et al., 2015, Tingshun et al., 2015), Dubinin and Radushkevich, 1947 (D-R) and Temkin (Jhaa et al., 2008) isotherm models.
	Adsorption kinetics
	Adsorption thermodynamics 



