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ABSTRACT 
 

The present study describes the incorporation of complexing agents, (acetone, DMF and THF) for use 
in the removal of toxic heavy metals (Pb(II), Cu(II) and Fe(III)) ions from aqueous-organic solvent samples. 
Hence, the batch adsorption system was used to optimize the various parameters such as contact time, 
temperature and various organic solvents with different concentrations, namely, 5, 15 and 30% (v/v), using a 
cation exchange resin Dowex Marathon C. On the basis of the obtained results the equilibrium data at optimized 
conditions were well described by Langmuir isotherm model in most cases than the Freundlich isotherm model. 
It was also found that both the pseudo first- and second-order kinetic models are able to describe the 
experimental data (R2 > 0.980) more than intrapartical diffusion model. Thermodynamic (∆H0 and ∆G0) study 
revealed that the adsorption process is endothermic and exothermic nature according to the type of both metal 
ion and the solvent used. In addition, we observed the spontaneously the removal process.  
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Introduction 

 
The environment is under great threat because of the alarming level of environmental pollution, and the 

problem is increasing daily, because of rapid urbanization and the steadily increasing world population (Bao and 
Fang, 2012). To meet the escalating demands for various essential products, rapid industrialization is taking 
place, which ultimately produces large amounts of hazardous wastes and toxic gases in addition to the desired 
products (Zhang et al., 2011). When hazardous wastewaters generated from industrial effluents or 
anthropogenic sources are released into the environment without any treatment, severe water pollution occurs 
(Michael et al., 2013). Recently, various pollutants such as pharmaceutical and personal care products (Bu et al., 
2013), herbicides/pesticides (Finizio et al., 2011), dyes (Gupta et al., 2009), spilled oil (Gong et al., 2014), and 
aromatics/organics (He et al., 2006, Ahmaruzzaman, 2008) have been detected in different natural surface water 
sources. As a consequence, to protect the Earth's water supplies from acute contamination, effective and 
efficient separation/remediation techniques are urgently needed. So far, several techniques have been adopted to 
remove/treat organics and toxic contaminants, such as advanced oxidation processes, adsorption, biological 
oxidation, chemical treatment, and incineration (Hartmann et al., 2010, Khin et al., 2012). Adsorption is one of 
the simplest and most effective methods for this purpose (Ahmaruzzaman, 2008, Walcarius and Mercier, 2010). 
Generally, porous materials are considered to be good adsorbents that play vital roles in adsorptive separations 
or purifications, and so a great deal of attentions has been paid to the investigation of advanced porous materials 
in the last few decades (Li et al., 2012, Ariga, et al., 2012, Zhou and Hartmann, 2013, Vinu and. Ariga, 2013). 
Approximately two decades ago, an intriguing and relatively new class of highly crystalline porous solids, 
metalorganic frameworks, emerged, (Li et al., 2012, Ahmed and Jhung, 2014, Khan et al., 2013, Khan et al., 
2012) and these have proved to give versatile performances in different research fields, especially in adsorptive 
removal/separation and purification. 

 Organic solvents find a wide range of applications in pharmaceutical industries, food industries and 
paint formulations (Grodowska and Parczewski, 2010). For instance, methanol, ethanol, iso-propanol and 2-
butanol are used as the extractants in the production of medicine, antibiotics and as components in food 
additives and food processing. In addition, these liquids are used as fuel additives, antifreeze agents, solvents for 
gums, chemical intermediates, solvents in chemical industries and denitrification agents in wastewater treatment 
(Pohl and Prusisz, 2010). The presence of trace metals in pharmaceutical products, fuel, food and paint is 
undesirable. In pharmaceutical products, metal ions have an ability to decompose the material of interest or 
catalyze the degradation of the active pharmaceutical ingredient. The decomposition may lead to potential toxic 
effects (Hussain et al., 2011). In addition, since some alcohols are used as fuel additives, they may be 
responsible for the decomposition and poor performance of the fuel, leading to corrosion of vehicle parts and 
formation of precipitates (Chaves  et al., 2008). Furthermore, monitoring toxic elements is also important, since 
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they are released into the atmosphere by the fuel combustion, thus causing air pollution. Therefore, it is crucial 
to investigate the levels of trace metals in alcohols because their presence in these products has negative health 
effects and most metal impurities are detrimental to catalytic processes used in the industry. Many metals occur 
naturally in fossil materials and, as a result, they can be present in petroleum based products. The presence of 
the metals in alcohols can also be due to their incorporation during the production process, by contact with 
refinement or distillation equipment, storage and transport. Metal concentrations in organic solvents are 
generally in trace levels, therefore sensitive and fast techniques with low detection limits are required (Santos et 
al., 2011). 

Thus, the present study is focused on the potential of strong-acid cation exchange resin Dowex 
Marathon C in the adsorptive removal of various hazardous metal ions such as lead, copper and ferric from 
aqueous-acetone, -DMF and -THF media and the thermodynamic data discussed in terms of interactions or 
mechanisms.   

 
Experimental 
 
Chemicals and reagents. 
 

The following chemicals (Analytical grade) were employed: lead(II) chloride, ferric(II) chloride and 
copper(II) chloride, hydrochloric acid, sodium hydroxide, acetone, dimethyl formamid, DMF and 
tetrahydrofuran, THF). Solutions were prepared with redistilled water. All the chemicals were used as 
purchased, unless otherwise stated. 
 
Resin  
 

A strong-acid cation exchange resin Dowex Marathon C with sulphonic acid (SO3H) group was used in 
this work. Prior to use, the resin was immersed into 1 M NaOH solution for 120 min to replace the hydrogen 
ions by sodium ions, then it was immersed in 1 M HCl for 120 min to replace all sodium ions by hydrogen ions. 
Finally, resin was washed with deionized water several times until the resulting water become neutral. Finally, 
the resin was dried at 100–105◦C for 24 h.  
 
Batch experiments 
 

Kinetics experiments were carried out in a thermostated shaker at 28 ± 0.50 C and 100 ± 10 rpm. 0.5 g 
of Dowex Marathon C resin and 50 ml of PbNO3, FeCl3 or CuCl2 aqueous-organic solutions were stirred in the 
shaker. Furthermore the adsorption studies were also carried out by varying time interval at 4.95 mg/L 
concentration of the metal ion to optimize the time required for the removal of these metal ions from its 
solution. Samples were withdrawn at desired time intervals. Complexometric titration technique was used to 
determine the Pb(II), Cu(II) and Fe(III)  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: 

qe = 
�����

�����
 x V     --------------------------------------------------------------------------------------------------------------- 1 

100 (%) yield Removal
0

0 



C

CC e
 --------------------------------------------------------------------------------2  

where qe is the equilibrium adsorption capacity (mg/g), Co and Ce is the metal ion concentration (mg/L) at initial 
and equilibrium state, V is the volume of solution (L) and W is the weight (g) of adsorbent. 
 

Theoretical equations and models 
 
Adsorption isotherm models 

 

To examine the effect of steric hindrance imposed by the bulkiness of the alcohols coordinated with 

lead Pb(II), copper Cu(II) and ferric Fe(III). The metal complexes adsorption data were fitted to the empirical 

correlations; Freundlich, Langmuir (Giorgos et al.,2015, Tingshun et al., 2015), and Temkin (Jhaa et al., 2008) 

isotherm models. The linear form of the Freundlich isotherm is given by the following equation: 

 lnqe = lnKF + (1/n) lnCe------------------------------------------------------------------------------------------------------- 3  
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where (qe) is the amount of the metal adsorbed (mg/g), (Ce) is the equilibrium concentration of the metal 
solution (mg/L). (KF) and (n) are the Freundlich constants which indicate the capacity and the intensity of the 
adsorption, respectively.  
Langmuir isotherm was applied to equilibrium adsorption assuming monolayer adsorption onto the surface with 
a finite number of identical sites. The following Langmuir adsorption isotherm equation was used: Ce/qe = 
1/KLQmax+ Ce/Qmax ------------------------------------------------------------------------------------------------------------  4 
where (qe) is the amount of the metal adsorbed on adsorbent (mg/g) at equilibrium, (Ce) is the equilibrium 
concentration (mg/L) of the divalent metal in solution, (Qmax) is the monolayer adsorption capacity (mg/g) and 
(kL) is the Langmuir constant (L/mg) related to the free energy of adsorption. The values of (Qmax) and (kL) were 
calculated from the slopes (1/ Qmax) and intercepts (1/ kL Qmax) of the linear plots of Ce/qe vs. Ce. The linearity of 
plots revealed that the adsorption followed Langmuir isotherm model. The essential characteristic of the 
Langmuir isotherm can also be evaluated by dimensionless adsorption intensity RL given from equation.  
RL = 1/1+KLCo ----------------------------------------------------------------------------------------------------------------- 5 
 where (Co) (mg/L) is the initial concentration of the divalent metal adsorbed and kL (L/mg) is the Langmuir 
constant. RL values represent the type of isotherm and its value between (0 and 1) indicates favorable adsorption 
(Yuezhong et al., 2015).  
The Temkin isotherm can be expressed by the following equation:  

qe = (RT/bT) lnAT + (RT/bT) lnCe  ------------------------------------------------------------------------------------------ 6 

where BT = RT/bT, bT is the Temkin constant (J/mol) related to adsorption heat, (T) is the absolute temperature 

(K), R is the gas constant (8.314 J/mol K), and (AT) is the Temkin isotherm constant (L/ g). (BT) and (AT) can be 

calculated from the slopes (BT) and intercepts (BT ln AT) of the plot of (qe) vs. (lnCe).  

Another equation used in the analysis of isotherms was proposed by Dubinin and Radushkevich, 1947, 

(D-R), (Yongfeng et al., 2015). It does not assume a homogeneous surface or constant sorption potential, but it 

applied to estimate the porosity apparent free energy and the characteristic of adsorption and it following form 

lnqe = lnXD-R – βƐ2   ------------------------------------------------------------------------------------------------------------ 7 
Where β is a constant related to the adsorption energy, XD-R the maximum adsorption capacity, ɛ can be 
calculated from Eq. (8) where; 
Ɛ = RTln (1 + 1/Ce) ------------------------------------------------------------------------------------------------------------- 8     

From the plot of lnqe versus Ɛ2 of the experimental data for the adsorption of the metal ions by the resin the 
constants β (mol2 kJ−2) and XD-R (mg/g) can be calculated from the slope and the intercept, respectively. The 
mean free energy of sorption, ED-R (kJ/mol) is the free energy change when one mole of ion transferred from 
infinity in solution to the surface of the sorbent. Es is calculated from the β value using Eq. (9): 

ED-R = 1/ √−2β  ---------------------------------------------------------------------------------------------------------------- 9 
The energy of sorption (ED-R) calculated from the D-R model indicates uptake of the metal ion on the resin 

sample. It can be described by the physisorption/ion exchange or chelation mechanism, as ED-R lower than 8 

kJ/mol or lies between 8 and 16 kJ/mol (Burke et al., 2013).  

 

Adsorption kinetics models 

  

Kinetic studies were carried out using different models namely, pseudo-first order, pseudo-second 
order and Weber-Morris’s intraparticle diffusion model to analyze the experimental data (Giorgos et al.,2015, 
Hong et al., 2015). 
The pseudo-first-order rate model is based on solid adsorbent capacity and generally expressed as follows:  

ln (qe – qt) = lnqe,1 – �1t  ------------------------------------------------------------------------------------------------------10 
 where (qe) is the amount of solute adsorbed at equilibrium per unit weight of the adsorbent, (qt) is the amount of 
solute adsorbed at any time and (k1) (min/1) is the adsorption rate constant. Values of k1 calculated from the 
plots of ln(qe–qt) vs. (t) at different temperatures. 
 The pseudo-second order model can be expressed as: 
 (t/qt) = (1/k2qe,2

2) + (1/qe,2) t  ---------------------------------------------------------------------------------------------- 11  
Where (k2) (g/mg min) is the rate constant of the pseudo-second-order equation, qe (mg/g) is the maximum 
adsorption capacity and (qt) is the amount of adsorption at time t (min). The plot of (t/qt) vs. (t) shows a linear 
relationship. The value of qe and k2 (g/mg min) are determined from the slope and intercept of the plot.  
To gain insight into the mechanisms and rate controlling steps affecting the kinetics of adsorption, the intra-
particle diffusion plays an important role in the extent of adsorption and can be expressed as: 
qt = kint

0.5 + C  --------------------------------------------------------------------------------------------------------------- 12 
 where (kint) is the intraparticle diffusion constant (mg/g min) and the intercept (C) reflects the boundary layer 
effect. The values of kint were calculated from slopes (kint) of the plots of (qt) vs. (t0.5). The plot of (qt) vs. (t0.5) 
should be linear if intraparticle diffusion is involved in the adsorption process and if these lines pass through the 
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origin then intraparticle diffusion is the rate controlling step. When the plots do not pass through the origin, this 
is indicative of some degree of boundary layer control and further shows that the intraparticle diffusion is not 
the only rate limiting step, but also other kinetics models may control the rate of adsorption, all of which may be 
operating simultaneously. 
  
Effect of contact time 
 

The stability constants of metal ion complexes play a vital role in the metal ion removal process. If the 
solvent ligand is capable of forming strong chelates with the metal ions, then the availability of metal ions in the 
solution will become less. Hence the metal ion uptake by the resin decreases. If the solvent forms weak chelates 
with the metal ions, the availability of the metal ions increases in solution. Furthermore the resin is capable of 
breaking the solvent ligand–metal chelate which leads to increased availability of metal ions for the removal. 

The optimization of the equilibrium time is one of the important parameters for the development of an 
economical wastewater treatment system. The influence of contact time on the Dowex Marathon C capacity for 
Pb(II), Cu(II) and Fe(III) metal ions removal at 280C, 0.5g resin, 15% organic solvent (v/v) and metal ion 
concentration 4.95 mg/L in metal ion-aqueous-acetone-, -DMF, and –THF systems under the equilibrium 
conditions of the metal-resin interaction have been studied, is shown in Fig. 1.  
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Fig.1 . Effect of contact time on the removal of Pb(II), Cu(II) and Fe(III) 
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The results were expressed as the amount of metal ion adsorbed per unit of adsorbent. It is observed that, the 
maximum removal of Pb(II), Cu(II) and Fe(III) ions from synthetic wastewater on Dowex Marathon C in 
different aqueous-organic solvent systems was shown in Fig.1. The optimum equilibrium is reached at this 
contact time ranged from 30 to 60 min for copper ions and 300 min for lead ions and 120 to 30 min for ferric 
ions at aqueous-acetone concentration range from 5% to 30%. In aqueous-DMF systems the contact times for 
copper ions was 300 min and 360 min for lead ions, whereas, from 30 to 60 min was sufficient to reach 
equilibrium state of ferric ions removal. On the other hand, the contact time for both copper and lead ions was 
240 min, whereas the optimum equilibrium is reached at contact time ranged from 60 to 30 min for ferric ions 
removal from aqueous-THF systems. The results clearly revealed that, rate of adsorption is higher at the 
beginning and this is due to availability of a large number of active sites on the resin. As these sites are 
exhausted, the uptake rate is controlled by the rate at which the adsorbate is transported from the exterior to the 
interior sites of the adsorbent particles (Malairajan and Peters, 2013). It has been observed that, the mechanism 
of metal ions uptake from the aqueous solutions involved four steps: (i) migration of metal ions from the bulk 
solution to the surface of the adsorbent; (ii) diffusion through boundary layer to the resin surface; (iii) adsorption 
at a binding site and (iv) intra particle diffusion into the interior of the sorbent surface. The boundary layer 
resistance will be affected by the rate of sorption and increasing the agitation time will reduce this resistance and 
increase the mobility of the ions. However, because the process is time dependent, after the contact times 
described above, the sorption time remains constant. The plots of metal ions uptake as a function of time are 
single, smooth and continuous leading to saturation.  
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Evaluation of metal ion uptake capacity in the presence of various organic solvent in different concentrations 
 

Various organic solvents with different concentrations play a vital role in the metal ion removal 
process. Thus the influences of organic solvents such as acetone, dimethyl formamide and tetrahydrofuran at 
various concentrations (5, 15 and 30%) under the equilibrium conditions of the metal-resin interaction, 280C and 
Pb(II), Cu(II) and Fe(III) ions concentration of 4.95 mg/L have been studied. The results are represented in Fig. 
2. Perusal of the figure reveals that the amount of metal ion taken up by the Dowex Marathon C resin depends 
upon the nature and concentration of the organic solvent present in the study. When the acetone concentration 
increases from 5-30%, the ferric percentage removal increases in Fe(III)-aqueous-acetone systems, whereas 
Pb(II) and Cu(II) shows opposite trends, since they will decreases with increase of acetone concentration. 
Therefore there is a decrease in the availability of solvent ligand which leads to higher complexation with the 
metal ion and hence there is less availability of the three metal ions studied herein which unfavourable removal 
with the Dowex Marathon C resin. This is the reason behind the lower metal ion uptake by the Dowex Marathon 
C resin on increasing the concentration of organic solvent (Mustafa et al., 2008). With DMF concentration 
increases in aqueous-DMF systems, the uptake of Pb(II) and Cu(II) shows decreases, while Fe(III) uptake will 
increase with increase DMF concentration range from  5% to 30%. However, in different aqueous-THF-
systems, a similar trends of Pb(II), Cu(II) and Fe(III) ions were obtained such as in aqueous-DMF systems, with 
THF concentration increases, the uptake of Pb(II) and Cu(II) shows decreases, while Fe(III) uptake will increase 
with increase THF concentration from  5% - 30%.     

 As expected, the decrease in the percentage removal is found to be more pronouncing in case of the 
aqueous-organic solvent mixed solution compared to aqueous solution. The solvent effect on the extent of the 
percentage removal of the three metal ions studied by the Dowex Marathon C resin (Fig. 2) shows that the metal 
ions removes weakly on the resin from aqueous–organic solvent solution compared to the aqueous media. The 
presence of organic solvent with aqueous solution may change the parameters of the electrical double layer, 
viscosity, dielectric constants, interionic and the ion-solvent interaction in the interfacial region of the 
solid/water. All these changes in the properties of the electrical double layer would lead to a difference in the 
percentage removal of the metal cations by the Dowex Marathon C resin. The lowering of the dielectric constant 
at the interfacial region and interionic repulsion due to the presence of alcohol molecules may be result in the 
lowering of the percentage removal of the metal cation from aqueous–organic mixed solvents compared to 
aqueous solvent alone. The changes in the extent of removal of the metal may be attributed to not only on the 
dielectric constants, steric hindrance but also on crowding effect of the various organic solvent in the aqueous– 
organic solvent solution, in addition to the stability constant of metal-complexes which effect on the removal 
efficiency (%) of the Dowex Marathon C resin. 
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Fig.2 . Effect of  Organic Solvent Concentrations on the removal of Pb(II), Cu(II) and Fe(III)
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Adsorption of lead-organic complexes 
 

 Sorption equilibria and sorption kinetics are two important physicochemical aspects of the sorption 
process as a unit operation. An adsorption isotherm is characterized by certain constants the values of which 
express the surface properties and affinity of the adsorbent and can also be used to find the maximum adsorption 
capacity. Equilibrium adsorption isotherms of lead-complexes, prepared using 15% of different organic solvents 
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(acetone, DMF and THF), are tabulated in Tables 1a and 1d. The dependence of lead adsorption on the type of 
ligands is examined in these data. The equilibrium isotherms of the various lead complexes were fitted to four 
isotherm models (Langmuir and Freundlich, Temkin and D-R models).  
Tables 1a to 1d list the estimated constants from the fitted models and the corresponding measures of fit (R2 
values) of the adsorption data (Figs. not shown). Evidently, the adsorption of the lead-aqueous-acetone 
complexes fit the Langmuir model. The R2 values for the Langmuir model reported in Tables 1a and 1d confirm 
this fit. The R2 values for the Langmuir model was 0.99997 compared to 0.97758 for the Freundlich model 
(Yuezhong et al., 2015). The order of fitting isotherms of the lead- aqueous-acetone complexes, is Langmuir > 
Freundlich > >Temkin D-R  model. This order is confirmed by the corresponding R2 values. This suggests the 
adsorption of lead complexed to acetone ligand, onto Dowex Marathon C, occurs by monolayer adsorption. The 
Langmuir parameters, are reported in Tables 1a to 1d, reflects the effect of the type of ligands on the adsorption 
capacity of the lead complexes. However, the R2 values for Langmuir model was higher values than that of 
Temkin and Freundlich models in lead-aqueous-DMF system, and the order of fitting isotherms of the lead- 
aqueous-DMF complexes, is Langmuir >Temkin >  Freundlich > D-R model. This suggests the adsorption of 
lead complexed to DMF ligand, onto Dowex Marathon C, occurs also by monolayer adsorption. On the other 
hand, the order of fitting isotherms of the lead- aqueous-THF complexes, is Langmuir >Temkin > Freundlich > 
D-R model. This also suggests the adsorption of lead complexed to THF ligand, onto Dowex Marathon C, 
occurs by monolayer adsorption. 
 The sizes of the ligands are in the following order; the acetone is the smallest followed by DMF and THF. It is 
therefore likely that the nature and size of the ligands played a role in the order of the lead complex adsorption, 
where the adsorption capacity of the lead complexes was influenced by the steric hindrance or the crowding 
effect associated with the comparative bulkiness of the alcohol ligands in the lead complexes. 
The (RL) values evaluated from the (kL) values for lead at various temperatures were found to be between 0 and 
1, further suggesting that the adsorption of Pb(II) onto Dowex Marathon C was favorable. The lower (RL) values 
implied that the interaction of Pb(II) ions with Dowex Marathon C is strong. 
 
Table.1a: Adsorption isotherm parameters of  Pb(II) on Dowex Marathon C in aqueous-organic solvent solutions. 

Organic 
solvent 

Langmuir parameters Freundlich parameters Temkin parameters 
Qmax  

(mg/g) 
KL 

(L/mg)  LR  2R  n  
KF 

(mg/g)  
2R  

AT 

L/g)(  
BT 

(J/mol)  
2R  

Acetone 44.07 0.0093 0.0004 0.99997 2.069 1100.56 0.97758 0.000376 32.2827 0.9584 
DMF 47.915 0.0099 0.109 0.99848 2.1868 982.155 0.9966 0.00034 32.07852 0.9978 
THF 48.309 0.0100 0.108 0.99847 2.177 993.54 0.9949 0.00035 32.17974 0.99708 

   
Adsorption kinetics modeling of lead. 

 
Adsorption kinetics and equilibria are the important physicochemical studies for the evaluation of the 

basic traits of a good adsorbent. Kinetic studies were carried out on lead, copper and ferric ions concentration of 
(each 4.95 mg/L) at different temperatures, namely (301, 313 and 323K) in aqueous-15% organic solutions). In 
order to characterize the adsorption kinetics of the studied cation exchange resin, adsorption experiments were 
carried out with single metal ion solutions. According to the above presented assumption of complexation 
conditions, the cation exchange process of the metal ion complexes in aqueous-organic (acetone, DMF and 
THF) systems [M-(Org)]n+on the Dowex Marathon C as strong acid cation exchange resin, can be as follows:  
R SO3

- H+ +[M-(Org)]n+  ⇄   R SO3[M(Org)]n++H+  ------------------------------------------------------------------- 13 
where (R) is the resin matrix.  
In this case, the adsorption process should be considered as involving the following steps: external diffusion of 
complex molecules across the liquid film surrounding the solid particles of ion exchange resin, i.e. their 
movement from the bulk solution towards the external surface of the cation exchangers also denoted as film 
diffusion; internal diffusion(particle diffusion) of complexes into the cation exchange  resin either by pore 
diffusion, surface diffusion or both and finally their adsorption on the surface and the interior of the porous 
cation exchanger. The slowest step determines the rate controlling parameters in the adsorption process (if 
external diffusion is greater than internal diffusion, rate is governed by particle diffusion and if external 
diffusion is smaller than internal diffusion, rate is governed by film diffusion). Taking the above into account, 
the reaction based models and the diffusion based models should be applied to describe this process.  
 Based on the results obtained for lead ion uptake, we can observe that both pseudo first-order, (Figs. not shown) 
and the pseudo second-order kinetic models employed to describe the adsorption process of [Pb(Org)]n+ on the 
Dowex Marathon C at different temperatures. From the experimental results in Table 2a, the correlation 
coefficients (R2 values) for the adsorption of [Pb(Org)]n+ complexes at Pb(II)-acetone, -DMF and -THF 
solutions was equal to 0.98126 , 0.98217 and 0.97641, respectively for the pseudo first-order kinetic model. 
Consequently, the pseudo first-order equation was selected as the most adequate to the model adsorption of 
Pb(II) complexes, with Pb(II)-acetone, -DMF and -THF solutions. 

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S1385894711001203
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After initial adsorption, on the surface of the cation exchanger, the diffusion into their internal pores occurs. 
According to the Weber and Morris model (Saltuk et al., 2015) it is possible to establish whether the  
adsorption is intraparticle diffusion or not. For this aim the Weber and Morris equation is used. In the present 
work the plots of (qt) vs. (t0.5) (Figs. not shown), do not pass through the origin for all aqueous-organic solvents 
solutions used (Table 2a), showing that intra-particle diffusion is not the only rate controlling step for lead ions 
adsorption processes but also boundary mechanism.    
 
Table 2a-Kinetic parameters of  Pb(II) on Dowex Marathon C in aqueous- organic solvent solutions   

Organic 
solvent 

Temp. 
K 
 

Pseudo first-order model Pseudo second-order model Intraparticle diffusion model 

e,1,calq 

(mg/g) 
K1 

(min-1) 
R2 

qe,2,cal 

(mg/g) 
K2 

(g/mg min) 
R2 

Kint 
mg/g 

min-0.5 
 

C 
(mg/g) 

R2 

Acetone 
 

301 77.253 0.00873 0.98126 318.47 3.27x10-6 0.02231 4.789 12.675 0.99593 
313 66.74 0.00934 0.97107 1051.21 2.112x10-7 0.15139 4.0715 12.050 0.99001 
323 74.85 0.01609 0.99166 99.90 0.000174 0.95781 5.4494 1.1850 0.96374 

DMF 
301 60.75 0.00702 0.98217 76.10 0.00015428 0.95366 3.38112 1.00035 0.99787 
313 57.53 0.00886 0.97385 77.88 0.000287 0.96632 3.40717 11.41761 0.99145 
323 60.77 0.01221 0.99161 83.19 0.000315 0.97474 3.96871 11.77124 0.97669 

THF 
301 63.47 0.00809 0.97641 78.37 0.000143 0.96721 3.46518 0.45054 0.9942 
313 62.43 0.00943 0.96304 79.87 0.000228 0.95264 3.60016 7.58242 0.98862 
323 65.69 0.01029 0.97475 83.82 0.000229 0.96459 3.76734 8.67555 0.98415 

 
Adsorption of copper-organic complexes. 
 

An adsorption isotherm is characterized by certain constants whose values express the surface 
properties and affinity of the sorbent and can also be used to find the sorptive capacity of the resin. Similarly the 
equilibrium adsorption data of copper-aqueous-organic solvent complexes are tabulated in Tables 1b to 1d. 
Tables 1b to 1d list the corresponding fitted model parameter and the measure of fit, R2. Further examination of 
the results in Tables 1b to 1d suggest the adsorption behaviours observed for copper-complexes for aqueous-
DMF system are consistent with that obtained for the corresponding lead-DMF and THF complexes (Figs. not 
shown). On the other hand, the R2 values for Temkin model was higher values than that of Langmuir and 
Freundlich models for both copper-aqueous-THF and acetone systems, the order of fitting isotherms of the 
copper complexes, is Temkin > Freundlich > Langmuir >D-R model. This suggests the adsorption of copper 
complexed to THF ligands onto Dowex Marathon C, occurs by multilayer adsorption. However, The (RL) values 
evaluated from the (kL) values for Copper removal at various temperatures were found to be between 0 and 1, 
further suggesting that the adsorption of Cu(II) onto Dowex Marathon C was favorable. The lower (RL) values 
implied that the interaction of Cu(II) ions with Dowex Marathon C is strong.   
 
Table.1b: Adsorption isotherm parameters of  Cu(II) on Dowex Marathon C in aqueous-organic solvent solutions. 

Organic 
solvent 

Langmuir parameters 
Freundlich parameters 

  
Temkin parameters 

  
Qmax  

(mg/g) 
KL 

(L/mg)  LR  2R  n  
KF 

(mg/g)  
2R  

AT 

L/g)(  
BT 

(J/mol)  
2R  

Acetone 0.5248 0.00419 3.145 0.9933 0.149 9.136x1016 0.99666 0.003148 27.38019 0.99983 
DMF 4.5653 0.0083 0.6208 0.99729 0.673 29749.27 0.99100 0.002618 17.67194 0.99484 
THF 2.849 0.00668 0.9081 0.9903 0.441 1863729.2 0.99328 0.00295 21.67177 0.99923 

 
Adsorption kinetics modeling of copper 

 

Sorption kinetics, which describes the solute sorption rate, is an important characteristic in evaluating 
the efficiency of sorption. In order to examine the mechanism of adsorption and potential rate-controlling step 
such as mass transfer and chemical reaction processes, several kinetic models were applied to test experimental 
data.Based on the results obtained for copper ion uptake, we can observe that pseudo first-order, and the pseudo 
second-order, kinetic models it was also (Figs. not shown) found that the values of (k1) were lower than (k2) 
values of the adsorption of [Cu(Org)]n+ on the Dowex Marathon C at low temperature (280C), while the values 
of correlation coefficients (R2) for the adsorption of [Cu(Org)]n+ complexes at Cu(II)-acetone and DMF 
solutions was equal to 0.99904 and 0.99841, respectively for the pseudo second-order kinetic model. 
Consequently, the pseudo second-order equation was selected as the most adequate to the model adsorption of 
Cu(II) complexes. Whereas, the calculated data from the first-order equation are close to the experimental 
results (Table 2b), and R2 value were 0.93158 for copper-aqueous-THF solution for the pseudo first-order 
kinetic model. Consequently, the pseudo first-order equation was selected as the most adequate to the model 
adsorption of Cu(II) complexes with aqueous-THF solution. 

http://www.sciencedirect.com.zdl.zu.edu.eg:81/science/article/pii/S1385894711001203
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Adsorption processes, on the surface of the cation exchanger, can be described by the diffusion into their 
internal pores occurs. For this reason, the Weber and Morris model is possible to establish whether the 
adsorption is intraparticle diffusion or not. For this aim the Weber and Morris equation is used. In the present 
work the plots of (qt) vs. (t0.5) (Figs. Not shown), do not pass through the origin for all aqueous-organic solvents 
solutions used (Table 2b). According to these observations the intra-particle diffusion is not the only rate 
controlling step for copper ions adsorption processes but also boundary mechanism. 
 
Table.2b:Kinetic parameters of  Cu(II) on Dowex Marathon C in aqueous-organic solvent solutions 

Organic 
solvent 

Temp.K 
 

Pseudo first-order model Pseudo second-order model Intraparticle diffusion model 

qe,1,cal 

(mg/g) 
K1 

(min-1) 
R2 

qe,2,cal 

(mg/g) 
K2 

(g/mg min) 
R2 

Kint 
mg/g min-

0.5 
 

C 
(mg/g) 

R2 

Acetone 
 

301 1.33 0.07622 0.86467 4.698 0.11917 0.99904 0.14751 3.946 0.88184 
313 2.45 0.08423 0.99662 4.48 0.0582 0.99991 0.2907 2.16505 0.77764 
323 3.33 0.1411 0.89947 3.86 0.079 0.99785 0.22992 2.0488 0.77883 

DMF 
301 13.72 0.02823 0.97033 12.48 0.00254 0.99841 0.61785 1.9362 0.87382 
313 12.04 0.02813 0.99391 14.51 0.001847 0.99447 0.92431 0.73489 0.89779 
323 13.88 0.03487 0.99702 18.32 0.00116 0.97001 1.32641 0.51924 0.91387 

THF 
301 9.50 0.01382 0.93158 4.54 0.0007438 0.02155 0.61707 1.76676 0.98337 
313 11.6 0.0107 0.99679 57.80 0.00002357 0.17698 0.89854 2.0222 0.97952 
323 13.0 0.01331 0.97673 27.53 0.0001 0.25273 1.20177 2.92956 0.94754 

 
   
Adsorption of ferric-organic complexes 
  

In order to understand the adsorbate–adsorbent interaction and to design an efficient operating system, 
it is necessary to analyze the experimental data in the light of different isotherm models. Equilibrium adsorption 
isotherms of ferric-complexes, prepared using 15% organic solvent (acetone, DMF and THF), are tabulated in 
Tables 1c and 1d. The dependence of ferric adsorption on the type of ligands is examined in these data (Figs. not 
shown). The equilibrium isotherms of the various ferric complexes were fitted to four isotherm models 
(Langmuir and Freundlich, Temkin and D-R models). 1c and 1d lists the estimated constants from the fitted 
models and the corresponding measures of fit (R2 values) of the adsorption data. Evidently, the adsorption of the 
ferric-aqueous-THF and -DMF complexes fit the Langmuir model. The R2 values for the Temkin and 
Freundlich models reported in 1c and 1d confirm this fit. The R2 values for the Freundlich model was 0.99943 
and 0.99299 for both aqueous-THF and –DMF systems, respectively, compared to lower values for other 
isotherm models. The order of fitting isotherms of the ferric- aqueous-THF and -DMF complexes, is Temkin > 
Freundlich > Langmuir >D-R model. This  order is confirmed by the corresponding R2 values. This suggests the 
adsorption of ferric complexed to acetone and DMF ligands, onto Dowex Marathon C, occurs by multilayer 
adsorption.  
The Langmuir parameters, reported in Tables 1a to 1d, reflect the effect of the type of ligands on the adsorption 
capacity of the ferric complexes. However, the R2 values for Temkin model was higher values than that of 
Langmuir mode in ferric-aqueous-acetone system, and the order of fitting isotherms of the ferric- aqueous-
acetone complexes, is Temkin >Langmuir > Freundlich >D-R model. This also suggests the adsorption of ferric 
complexed to acetone ligand, onto Dowex Marathon C, occurs by monolayer adsorption.  
According to the previous results, we can concluded that not only the stability constant of ferric-complexes and 
the nature and size of the ligands played a role in the order of the ferric complex adsorption, but also the steric 
hindrance or the crowding effect associated with the comparative bulkiness of the organic ligands in the ferric 
complexes. On the other hand, the (RL) values evaluated from the (kL) values for ferric at various temperatures 
were found to be between 0 and 1, further suggesting that the adsorption of Fe(III) onto Dowex Marathon C was 
favorable. The lower (RL) values implied that the interaction of Fe(III) ions with Dowex Marathon C is strong.  
 

Table.1c: Adsorption isotherm parameters of  Fe(III) on Dowex Marathon C in aqueous-organic solvent solutions. 

Organic 
solvent 

Langmuir parameters 
 

Freundlich parameters 
  

 
Temkin parameters 

  
Qmax  

(mg/g) 
KL 

(L/mg)  LR  2R  n  
KF 

(mg/g)  
2R  

AT 

L/g)(  
BT 

(J/mol)  
2R  

Acetone 13.646 0.0409 0.097 0.99939 2.435 119.5135 0.97141 0.00136  8.87604 1.0 
DMF 13.59 0.04077 0.0974 0.99943 2.760 96.14114 0.99905 0.0010 7.79926 0.99995 
THF 13.58 0.04092 0.0970 0.98667 2.760 95.642 0.99299 0.00076 7.02981 0.9974 
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Table.1d:Adsorption isotherm parameters of Cu(II), Pb(II) and Fe(III)  on Dowex Marathon C in aqueous-organic solvent solutions. 

Organic 
solvent 

Cu(II) Pb(II) Fe(III) 
Acetone DMF THF Acetone DMF THF Acetone DMF THF 

D-R model 
β (mol2 
kJ−2) 

0.00591 0.02729 0.00275 0.00263 0.0041 0.00269 1.07X10-4 4.3X10-5 1.4X10-5 

XD-R (mg/g) 4.047 47.588 7.378 58.9317 50.768 58.6400 17.7055 18.416 19.59 
E(kJ/mol) 9.1979 4.28 13.484 13.788 11.043 13.6300 68.65 107.63 183.31 
R2 0.94032 0.68652 0.98962 0.95459 0.98767 0.95702 0.93613 0.98002 0.96382 

 

Adsorption kinetics modeling of ferric. 

 
Based on the results obtained for lead ion uptake, we can observe that pseudo first-order, and the 

pseudo second-order, kinetic models it was also found that the values of k1 were higher than k2 values of the 
adsorption of [Fe(Org)]n+ on the Dowex Marathon C for ferric-aqueous-acetone, -DMF and -THF solutions and 
at temperature (280C), in addition of R2 values (Figs. not shown) for pseudo second-order kinetic model for all 
ferric-aqueous-organic solvents systems has higher values (0.99986, 1.0 and 0.99998, respectively) from that 
obtained for  pseudo first-order kinetic model (0.92222, 0.98015 and 0.97533, respectively). Consequently, the 
pseudo first-order equation was selected as the most adequate to the model adsorption of ferric (III) complexes 
(Deepatana and Valix 2006).  

Weber and Morris model can be used to describe the adsorption process on the surface of the cation 
exchange resin, since the diffusion into their internal pores occurs. According to the Weber and Morris model it 
is possible to establish whether the adsorption is intraparticle diffusion or not. For this aim the Weber and 
Morris equation is used. In the present work the plots of (qt) vs. (t0.5) (Figs. not shown), do not pass through the 
origin for all aqueous-organic solvents solutions used (Table 2c), showing that intra-particle diffusion is not the 
only rate controlling step for ferric ions adsorption processes.   
 
Table.2c:Kinetic parameters of  Fe(III) on Dowex Marathon C in aqueous-organic solvent solutions. 

Organic 
Solvent 

Temp.K 
 

Pseudo first-order model 
 

Pseudo second-order model 
 

Intraparticle diffusion model 

qe,1,cal 

(mg/g) 
K1 

(min-1) 
R2 

qe,2,cal 

(mg/g) 

K2 

(g/mg 
min) 

R2 

Kint 
mg/g min-

0.5 
 

C 
(mg/g) 

R2 

Acetone 
 

301 4.7402 0.12076 0.92222 19.38 0.0615 0.99986 0.38867 16.39405 0.79755 
313 1.14188 0.07451 0.43405 19.275 0.1612 0.99998 0.18977 17.88033 0.52997 
323 1.0218 0.06794 0.44004 19.338 0.1704 0.99999 0.16958 18.0754 0.57093 

DMF 
301 0.10907 0.03278 0.98015 19.90 1.01002 1.0 0.016610 19.759 0.99042 
313 0.12637 0.02446 0.98799 19.94 0.748 1.0 0.02013 19.767 0.9589 
323 0.1556 0.06589 0.9245 19.96 1.1053 1.0 0.01896 19.810 0.92287 

THF 
301 4.08532 0.17358 0.97533 19.747 0.12886 0.99998 0.24971 17.9256 0.6158 
313 3.0046 0.07623 0.99692 21.249 0.06216 0.99995 0.35981 18.436 0.85889 
323 1.376 0.06278 0.97003 21.725 0.117 0.99997 0.17435 20.322 0.9342 

 
Equilibrium distribution coefficient, Kd  
 

Distribution coefficients (Kd) for different metal ions were determined by batch method in different 
aqueous-organic solvent systems. Distribution coefficients were actually used to access the overall ability of the 
material to adsorb/remove the ions of interest under different sets of conditions. Various portions of (500 mg 
each) the exchanger in H+ form were taken in Erlenmeyer flasks and mixed with 50 mL of different metal nitrate 
solution in the required medium and subsequently shaken for about 6 h in temperature controlled shaker at 28±2 
◦C to attain the equilibrium. The amount of metal ion before and after the equilibrium was determined by EDTA 
titration. The distribution coefficients were calculated using the equation. 

 

Kd = 
������ �� ����� ��� �� ���������

����� �� ����� ��� �� ��������
 x 

�� �� ��������

� �� ��� �����
        ------------------------------------------------------------------   14 

 
The distribution coefficient, Kd, 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 metal cation mobility. 
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Fig.3 . Distribution coefficients of Pb(II), Cu(II) and Fe(III) at different temperatures
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 High values of distribution coefficient, Kd indicate that the metal has been retained by the solid phase through 
sorption reactions, while low values of Kd indicate that a large fraction of the metal remains in solution. Fig. 3 
show that the distribution coefficient Kd values decrease with the increase in concentration of metal ions. In the 
case of low concentrations (AL-Othmana et al., 2011), the ratio of the initial number of moles of each metal ion 
to the available surface area is larger and subsequently, the fractional ion exchange becomes independent of 
initial concentrations. The rapid metal sorption has significant practical importance, as this will facilitate with 
the small amount of resins to ensure efficiency and economy.  
 
Effect of temperature 
  

The effect of temperature on the removal of Pb(II) Cu(II) and Fe(III) ions from solutions containing 
different aqueous–organic mixed solvents (acetone, dimethyl formamide and tetrahydrofuran) at different 
temperatures, namely, 301, 313 and 323K by the Dowex Marathon C cation exchange resin  are shown in 
representative Fig. 4. The initial concentration of the studied metal ions was 4.95 mg/L, volume of sorption 
medium, 50 ml and the amount of resin was 0.5 g. The obtained results (Fig. 4) indicate that, the percentage 
removal of copper ions from copper-aqueous-acetone system was found to decrease with the rise in temperature 
from 301 and 323K, whereas lead ions show decrease in the percentage removal with increase of the solution 
temperature from 301-313K but at higher temperature (323K) lead ions removal show sudden increases. 
However, the percentage removal of ferric ions was found to increase with the rise in temperature from 301 and 
323K. In metal ion-aqueous-dimethyl formamide we can observed that the metal ions studied, Cu(II), Pb(II) and 
Fe(III) show gradual increase with increase of solution temperature. The increase in adsorption uptake 
percentage with increase in temperature might be due to the possibility of large number of total pore volume of 
the adsorbent, an increase of number of active sites for the adsorption as well as an increase in the mobility of 
the metal ions. 
However, the effect temperature could also influences desorption of metal ions and consequently affects the 
adsorption equilibrium. On the other hand, in metal ion-aqueous-tetrahydrofuran systems, Pb(II) and Fe(III) ions 
show increases with increasing of solutions temperatures from 301 to 323K, whereas copper ions behave an 
opposite trend, since its  removal decrease with the rise of temperature from 301 to 323K. Hence, rise in 
temperature beyond certain limits might causes a decrease in adsorption capacity of the cation exchange resin. 
This is because of the destruction of active binding sites in the resin matrix (Malairajan and Peters, 2013).  
 
Activation thermodynamic parameters 
 

The magnitude of the heat of adsorption could provide useful information concerning the nature of the 
resin surface and the adsorbed phase. In order to further explore the adsorption mechanism of the metal ions 
onto the resin, the adsorption thermodynamic parameters are calculated. 
    Because the k2 values have been determined previously, several thermodynamic parameters including the 
Arrhenius activation energy (Ea), activation free energy change (∆Go), activation enthalpy change (∆Ho), and 
activation entropy change (∆So) can be calculated by using the following equations. 
ln k2 = ln A – Ea/RT---------------------------------------------------------------------------------------------------------- 15 
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ln k2 = (kBT/h)K*    -----------------------------------------------------------------------------------------------------------16 
∆Go = -RT ln K*       ----------------------------------------------------------------------------------------------------------17 
∆Ho = Ea – RT        -----------------------------------------------------------------------------------------------------------18 
∆So = (∆Ho - ∆Go)/T  ---------------------------------------------------------------------------------------------------------19 
where A is the Arrhenius factor, kB and h are Boltzmann’s and Planck’s constants, respectively, R is the gas 
constant (8.314 kJ mol-1 K-1), and K* is the equilibrium constant at temperature T. A linear plot of lnk2 versus 
1/T (Fig.5) for the adsorption of Pb(II), Cu(II) and Fe(III) ions onto Dowex Marathon C resin is constructed to 
generate the Ea value from the slope.  
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Fig.4 . Effect of Temperature on the removal of Pb(II), Cu(II) and Fe(III)
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Fig.5 . Arrhenius plots of Pb(II), Cu(II) and Fe(III) removal in different organic solvents
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In addition, ∆G0, ∆H0 and ∆S0 were calculated from Eqs. (15–19) and then the results are given in Tables 3a, 3b 
and 3c. 

A linear relationship can be seen with a regression coefficient R2 in this Table 3a, 3b and 3c. Ea values 
for Pb(II), Cu(II) and Fe(III) are observed to be 151.575, 30.298 and 20.145 kJ/mol for Pb(II)-aqueous-acetone, 
-DMF and –THF systems, respectively, 17.648, 32.32 and 31.038 kJ/mol for Cu(II)- aqueous-acetone, -DMF 
and –THF systems, respectively. However, for Fe(III)- aqueous-acetone, -DMF and –THF systems, the 
activation energy was 42.084, 2.967 and 5.254 kJ/mol, respectively. These results are indicating that the 
adsorption has a low potential barrier. The positive enthalpy change (∆H0) values for the metal ions adsorption 
reaction indicate the endothermic nature of the present reaction (Tables 3a, 3b and 3c. Whereas, the negative 
enthalpy change (∆H0) values for the adsorption reaction indicate the exothermic nature of the present reactions 
such as for Cu(II)-aqueous-acetone and –DMF-systems, as well as for Fe(III)-aqueous-THF system. 



Middle East J. Appl. Sci.., 5(1): 196-208, 2015 

207 

This result for Pb(II) and Cu(II) gives clear evidence that the interactions between these metal ions  and the 
surface sulphonic groups of the resin may be weak.  
On the other hand, the positive values of Ea and ∆Ho indicate the presence of an energy barrier in the adsorption 
process (Mehmet, 2009; Sushanta et al., 2014). 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 ∆G0 
increases with increasing temperature indicate the feasibility and spontaneity of the metal ion adsorption process 
on the resin.  
The positive entropy change (∆S0) for this reaction (Tables 3a, 3b and 3c) 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 
Dowex Marathon C resin (Sushanta et al., 2014). While the negative entropy change (∆S0) values for this 
reaction has also indicated the decrease in number of species at the solid–liquid interface and, hence the 
randomness in the interface which is presumably due to little release of aqua molecules when the aquated metal 
ion is adsorbed on the surface of the adsorbent and accordingly no significant changes occur in the internal 
structure of the adsorbent through the adsorption of the metal ions onto Dowex Marathon C resin. Our results 
agree well with other researchers (Ozcan and Ozcan, 2005; Alkan et al., 2007; Mehmet U., 2009). 
 
Table 3a:Thermodynamic  parameters of  Pb(II) on Dowex Marathon Cin aqueous- organic solvent solutions 

Organic 
Solvent 

T(K) ∆S0 ∆H0 -∆G0 Ea R2 
j/mol K kJ/mol kJ/mol kJ/mol K 

Acetone 
 

301 736.83 149.07 72.71 
151.575 0.38615 313 713.86 148.97 74.46 

323 703.90 148.89 78.46 

DMF 
 

301 334.58 27.79 72.91 
30.298 0.77028 313 331.66 27.69 76.11 

323 329.03 27.61 78.66 

THF 
301 300.78 17.642 72.89 

20.145 0.60928 313 298.99 17.542 76.04 
323 297.29 17.459 78.56 

 
Table 3b-Thermodynamic  parameters of  Cu(II) on Dowex Marathon C in aqueous- organic solvent solutions 

Organic 
Solvent 

T(K) ∆S0 ∆H0 -∆G0 Ea R2 
j/mol K kJ/mol kJ/mol kJ/mol K 

Acetone 
 

301 187.08 -20.15 76.46 17.648 0.26682 
313 187.22 -20.25 78.85 
323 190.20 -20.33 81.76 
      

DMF 
 

301 129.75 -34.82 73.87 32.32 0.94599 
313 133.75 -34.92 76.78 
323 136.63 -35 79.14 
      

THF 
301 -149.09 28.53 73.41 31.038 0.99766 
313 -370.06 28.43 87.40 
323 -154.6 28.35 78.30 

 
Table 3c:Thermodynamic  parameters of  Fe(III) on Dowex Marathon C in aqueous-organic solvent solutions 

Organic 
Solvent 

T(K) ∆S0 ∆H0 -∆G0 Ea R2 
j/mol K kJ/mol kJ/mol kJ/mol K 

Acetone 
 

301 383.28 39.58 75.78 42.084 0.64742 
313 381.76 39.48 80.01 
323 378.12 39.39 82.73 
      

DMF 
 

301 297.07 0.464 89.88 2.967 0.93583 
313 272.07 0.365 84.79 
323 279.15 0.281 90.44 
      

THF 
301 228.56 -7.756 76.55 5.254 0.94638 
313 227.03 -7.856 78.92 
323 229.96 -7.939 82.22 
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