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Abstract 
 In the present study adsorption of copper (II) ions from aqueous solution by alluvial soil of Bhagirathi River was 

investigated under batch mode. The influence of solution pH, sorbent dose, copper concentration, contact time, stirring rate 

and temperature was studied. The copper adsorption was favored with maximum adsorption at pH 6.0. Sorption equilibrium 

time was observed in 60 min. The equilibrium adsorption data were correlated with Freundlich, Langmuir, Dubinin-

Radushkevich, Temkin and BET adsorption isotherm models. The kinetics of the adsorption process was tested by pseudo-

first-order, pseudo-second order, Elovich, Intra-particle diffusion and surface mass transfer models. It was shown that 

adsorption of copper could be described by the pseudo-second order kinetic model. The activation energy of the adsorption 

process (Ea) was found to be -17.63 kJ/mol by using the Arrhenius equation, indicating physisorption nature of copper (II) 

adsorption onto adsorbent. Thermodynamic parameters such as Gibbs free energy (G
o
), the enthalpy (H

o
) and the 

entropy change of sorption (S
o
) have also been evaluated and it has been found that the adsorption process was 

spontaneous, feasible and exothermic in nature. The results indicated that alluvial soil of Bhagirathi River can be used as an 

effective and low-cost adsorbent to remove copper (II) from aqueous solution. 

 

Keywords: Copper (II) ions, activation energy, Langmuir, surface mass transfer  

 

1. Introduction 
Copper is one of the toxic heavy metal that is largely released into the environment from various types of industries 

such as electronics, metal plating, automotive, battery, etc. As a trace element, copper is essential to maintain human 

body metabolism. However, excessive intake of copper can cause serious health problems such as damage to heart, 

kidney, liver, pancreas, brain, intestinal distress and anemia [1]. The World Health Organization (WHO) recommended 

a maximum acceptable concentration of Cu (II) in drinking water of 1.5 mg /L [2]. In India acceptable limits of Cu is 

3mg/L [3]. Therefore, the concentrations of copper must be reduced to levels that satisfy environmental regulations for 

various bodies of water. Conventional treatment methods for heavy metals containing wastewater treatment include 

chemical precipitation, ultrafiltration, solvent extraction, ion exchange, reverse osmosis and adsorption. Among these 

techniques, adsorption is one of the most economically favorable and technically simple method [4]. Many heavy metal 

adsorption studies have focused on the application of activated carbons
 
[5-6]. However, owing to the high cost and 

difficult procurement of activated carbon, efforts are being directed towards finding efficient and low cost adsorbent 

materials. A number of researchers have utilised wide variety of adsorbents to remove heavy metal ions from aqueous 

solutions. Some of the recent developments include adsorbents like sawdust
 
[7], ca-kaolinite

 
[8], Fithian illite

 
[9], fly 

ash
 
[10], baggase

 
[11], activated carbon-zeolite composite

 
[12], zeolite A

 
[13], fertilizer plant waste slurry

 
[14], 

modified clay
 
[15], biosorbents like cassava waste

 
[16], Areca

 
[17], Lentil shell

 
[18], Pine cone powder

 
[19], Spent 

grain
 
[20], crushed brick

 
[21] etc. for the removal of copper ions from aqueous solutions.  

In this study, the alluvial soil which was obtained from the river Bhagirathi, West Bengal, India will be investigated as 

a potential and low cost adsorbent for the removal of Cu
2+

 ions from aqueous solutions. The objective of the present 

work was to study the possibility of utilizing alluvial soil of Bhagirathi River (ASBR) as a sorbent for removing copper 
ions from aqueous solutions. The effects of adsorbent dose, initial copper concentration, contact time, stirring rate, 

temperature and pH on copper adsorption were investigated. Adsorption kinetics, isotherms and thermodynamic 

parameters were also evaluated and reported. 
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2. Materials and Methods 
2.1. Preparation of the synthetic sample 

All the reagents used for the current investigation were of GR grade from E. Merck Ltd., India. Copper sulphate 

(CuSO4.5H2O) stock solution of 100 mg/L concentration was prepared and the working solutions were made by 

diluting the former with double distilled water. The range in concentrations of copper (II) ions prepared from standard 

solution varied between 10 to 40 mg/L. Before mixing the adsorbent, the pH of each copper solution was adjusted to 

the required value by 0.1 M NaOH or 0.1 M HCl solution. 

 

2.2. Adsorbent collection and preparation 
Alluvial soil used in this study was collected from the banks of river Bhagirathi owing to its high alluvial soil content 

and low permeability. The Bhagirathi River is one of the main rivers in Murshidabad, Burdwan, Nadia and Hooghly 

districts in the Indian state of West Bengal. The alluvial soil sample was not purified prior to usage. It was initially sun-

dried for 7 days followed by drying in hot air oven at 383 ± 1K for 2 days. The dried soil was crushed and sieved to 

give a fraction of 250 mesh screen and then stored in sterile, closed glass bottles and used as an adsorbent. 

 

2.3. Analysis  
Adsorbent characterization was performed by means of spectroscopic and quantitative analysis. The surface area of the 

adsorbent (ASBR) was determined by Quantachrome surface area analyzer (model- NOVA 2200C). Alumina was 

estimated by wet chemical analysis method
 
[22]. The pH of the solution was measured using pH meter (Systronic 6.3 

digital pH meter).The pH of aqueous slurry was determined by soaking 1g of ASBR in 50 ml distilled water, stirred for 

24 h and filtered and the final pH was measured. The physico-chemical characteristics of the adsorbent were 

determined using standard procedures
 
[23]. The % of clay, silt, and sand was determined by hydrometric method

 
[23]. 

The cation exchange capacity (CEC) of the alluvial soil sample was determined by the ammonium acetate method
 
[24]. 

The concentrations of sodium and potassium were estimated by Flame Photometer (Model No. SYSTRONICS 126) 

while magnesium, calcium and residual copper (II) concentration were determined by Atomic absorption 

spectrophotometer (Model No. GBC HG 3000). For stirring purpose magnetic stirrer (TARSONS, Spinot digital model 

MC02, CAT No. 6040, S. No. 173) is used. The pH of zero-point charge or pHZPC was determined based on the 

previous method
 
[25]. The Fourier transform infrared (FTIR) spectra of ASBR before and after copper adsorption were 

recorded with Fourier transform infrared spectrophotometer (PERKIN-ELMER, FTIR, Model-RX1 Spectrometer, USA) in the 

range of 400-4,000 cm
-1

. X-ray diffraction analysis of the adsorbent was carried out using X-ray diffractometer 

equipment (Model Philips PW 1710) with a Cobalt target at 40 kV. In addition, scanning electron microscopy (SEM) 

analysis was carried out using a scanning electron microscope (HITACHI, S-530, Scanning Electron Microscope and 

ELKO Engineering, B.U. BURDWAN) at 10 kV to study the surface morphology of the adsorbent. 

 

 2.4. Batch Adsorption procedure  
The batch tests were carried out in glass-stoppered, Erlenmeyer flasks with 50 mL of working volume, with a 

concentration of 10 mg/L. A weighed amount (2.0 g) of adsorbent was added to the solution. The flasks were agitated 

at a constant speed of 750 rpm for 2 h in a magnetic stirrer at 303±1K. The influence of pH (2.0–8.0), initial copper 

concentration (10, 20, 30, 40 mgL
−1

), contact time (10, 20, 30, 40, 60, 90, 120, 150 min), adsorbent dose (0.5, 1, 2, 2.5 

g/50 ml), and temperature (303, 308, 313, 318, 323, 328 K) were evaluated during the present study. Samples were 

collected from the flasks at predetermined time intervals for analyzing the residual copper concentration in the solution. 

The residual amount of copper in each flask was investigated using atomic absorption spectrophotometer. The amount 

of copper ions adsorbed in milligram per gram was determined by using the following mass balance equation: 

                i e( )
       e

C V
q

m

C 
                                                  (1) 

where Ci and Ce are copper concentrations (mg/L) before and after adsorption, respectively, V is the volume of 

adsorbate in liter and m is the weight of the adsorbent in grams. The percentage of removal of copper ions was 

calculated from the following equation: 

                 i e

i

( )
 %    100

C C
Remo a

C
v l


                             (2) 

Control experiments, performed without the addition of adsorbent, confirmed that the sorption of copper on the walls 

of flasks was negligible. 
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3. Results and Discussion 
3.1. Characterization of ASBR 

The ASBR was found to be stable in water, dilute acids and bases. The adsorbent behaves as neutral at pH zero charge. 

To understand the adsorption mechanism, it is necessary to determine the point of zero charge (pHzpc) of the 

adsorbent. Adsorption of cation is favored at pH > pHzpc, while the adsorption of anion is favored at pH< pHzpc [25]. 

The point of zero charge is 4.75 irrespective of difference in concentration of HNO3 used (Fig. 1). The physico-

chemical properties of ASBR are summarized in Table 1. 
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 Figure 1: pH of zero point charge of ASBR (experimental conditions: adsorbent dose: 1.5 g in 100 ml, Temperature: 308K). 

 

   Table 1:  Characteristics of ASBR 

Analysis        Value 

pHzpc     4.75 

Specific gravity                                                                                  0.81 

Moisture content (%)                                                                         0.53 

Bulk density (g cm
-3

)                                                                         1.351 

Particle density (g cm
-3

)                                                                    2.44     

Porosity (%)                                                                                      44.63 

Clay (%)                                                                                            3.08 

Silt (%)                                                                                              9.1 

Sand (%) 81 

Al2O3 (%) 6.8 

Conductivity (S/cm)                                                                       2.0 

BET surface area (m
2
/g)                                 6.8 

Micropore area (%) 32.5 

Cation exchange capacity (meq g
-1

)                                               48 

Na
+
 (mg L

-1
)                                                                                  61.15 

K
+
 (mg L

-1
)                                                                                      16.7 

Ca
2+

 (mg L
-1

)                                                                                   0.4 

Mg
2+

 (mg L
-1

)                                                                                 11.6 

PO4
3-

  (mg L
-1

)                                                                                            0.817 

 

The FTIR spectrum of ASBR was recorded to obtain the information regarding the stretching and bending vibrations of 

the functional groups which are involved in the adsorption of the adsorbate molecules. The FTIR spectra of ASBR 

before and after adsorption displayed a number of adsorption peaks, indicating a complex nature of the adsorbent (Fig. 

2 and Fig. 3). The FTIR spectral analysis of ASBR before treatment shows distinct peaks at 3438, 2924, 2854, 1636, 

1024, 778, 528, and 475 cm
-1

. The broad and strong band at 3438 cm
-1

 indicates the presence of –OH stretching. Two 

sharp peaks observed at 2924 and 2854 cm
-1

 could be assigned to asymmetric and symmetric CH2 group. The variable 
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peak at 1636 cm
-1

 was attributed to stretching vibration of C=C alkene group. The characteristic band at 1024 cm
-1

 

corresponds to C-O stretching vibration. The peaks at 528 cm
-1 

and 778 cm
-1

 show the presence of C-Br stretching and 

C-Cl stretching vibration. Hence FTIR spectral analysis demonstrates the existence of negatively charged groups like -

CH2, -OH, -Cl, -Br on the surface of ASBR. It is clearly shown in Fig. 3 that the intensity for copper- loaded ASBR 

was slightly lower than ASBR and there were some shifts in wave numbers after copper adsorption. Strong absorption 

band at 3438 cm
-1

 (indicative of –OH stretching vibrations) shifted to 3422 cm
-1

 after copper adsorption. The band shift 

is also observed for C-O group moving from 1024 cm
-1

 to 1082 cm
-1

. The results suggest that copper interacts with –

OH and C-O group present in ASBR. 
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Figure 2: FTIR spectra of ASBR before adsorption of Cu(II) ions 
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Figure 3:  FTIR spectra of ASBR after adsorption of Cu(II) ions 

 

Adsorption reaction may lead to changes in molecular and crystalline structure of the adsorbent and hence an 

understanding of the molecular and crystalline structures of the adsorbent and the resulting changes thereof would 

provide valuable information regarding adsorption reaction. Hence XRD patterns of the adsorbent before and after 

treatment with copper ions have been studied. Fig. 4 and Fig. 5 show the XRD patterns of the adsorbent before and 

after treatment with copper solutions. The XRD data for selective/predominant peaks are given in Table 2. 
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 Figure 4: XRD pattern of the adsorbent before adsorption 
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  Figure 5: XRD pattern of the adsorbent after adsorption 

      

From Fig. 5 it is clear that there was increase in the intensity of some of the diffraction peaks. The peak positions of the 

ASBR sample do not shift significantly. The intensity of the highly organized peaks are slightly diminished after the 

adsorption of copper ion. This due to the adsorption of copper ions on the upper layer of the crystalline structure of the 

ASBR surface by means of physisorption
 
[26]. The above observation corroborated well with batch sorption 

experiments and thermodynamic results. 
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Table 2: X-ray diffraction details of the adsorbent before and after treatment with copper ions   

 

Angle  [2 Theata (deg)] Before adsorption Peak height  (Counts) 

 24.1 715 

30.9 1246 

 42.4 146 

46.23 100 

 49.5 213 

53.25 312 

58.85 129 

70.9 146 

After adsorption  

24.2 344 

31.05 1580 

42.7 142 

46.2 142 

49.6 129 

53.3 80 

58.95 267 

70.9 142 

 

  
Figure 6: SEM image at 2000 magnification of ASBR 

before adsorption 

 

Figure 7: SEM image at 2000 magnification of ASBR 

after adsorption 

3.2. Effect of copper concentration 
The rate of adsorption is a function of the initial concentration of the adsorbate, which makes it an important factor to 

be considered for effective adsorption. The effect of different initial copper ion concentration on adsorption of copper 

ion onto ASBR is presented in Fig. 8. It shows that the increase in initial concentration of copper (II) decreases the 

adsorption and increases the amount of metal uptake per unit weight of the adsorbent (mg/g). The percentage decrease 

is between 99.5 % (0.24875 mg/g) and 83 % (0.835 mg/g) where the initial concentration increased between 10 and 40 

mg/L. This is due to the fact that as concentration Increases more copper ions are available for sorption on surfaces 

hence competition from other ions decreases for sorption on the same sites. A similar trend was observed for the 

adsorption of Cu (II) by sawdust
 
[27]. 

 

3.3. Effect of sorbent dosage 
In this study, five different adsorbent dosages were selected ranging from 0.5 to 2.5 g while the copper concentration 

was fixed at 10 mg/L. The results are presented in Fig. 9. It was observed that percentage of copper ion removal 

increased with increase in adsorbent dose. Such a trend is mostly attributed to an increase in the sorptive surface area 

and the availability of more active binding sites
 
[28]. However, the adsorption capacity showed an opposite trend. As 

the adsorbent dosage was increased from 0.5 to 2.5 g, the adsorption capacity reduced to 0.34 and 0.19 mg g
-1

, 
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respectively. This may be due to the decrease in total adsorption surface area available to copper ion resulting from 

overlapping or aggregation of adsorption sites
 
[29-30]. Thus with increasing the adsorbent mass the amount of copper 

ion adsorbed onto unit mass of adsorbent gets reduced, thus causing a decrease in qe value with increasing adsorbent 

mass concentration. This is a clear indication that an increase in adsorbent dosage results in higher number of 

unoccupied binding site in ASBR. Furthermore maximum copper ion removal (99.5%) was recorded by 2.0 g ASBR 

and further increase in adsorbent dose did not significantly change the adsorption yield. This is due to the non-

availability of active sites on the adsorbent and establishment of equilibrium between the copper ion on the adsorbent 

and in the solution. Similar results have been reported for Cu (II) adsorption
 
[31-32].

 
 

 

3.4. Effect of pH  
The pH of the aqueous solution is an important controlling parameter in the adsorption process due to its influence on 

the degree of ionization of functional groups (carboxylate, hydroxyl, sulfate, phosphate etc) and different ionic forms 

of copper
 
[32]. The effect of pH on the removal efficiency of copper ion was studied at different pH ranging from 2.0 

to 8.0. Results are shown in Fig. 10. It was observed that a sharp increase in the copper ion removal occurred when the 

pH value of the solutions changed from 2.0 to 4.0 and after 4.0 a plateau is obtained. 
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Figure 8: Effect of initial concentration on copper 

adsorption (experimental conditions: adsorbent 

dose: 2 g/ 50 ml, stirring rate: 750 rpm, pH: 6.0, 

temperature: 308K, contact time: 2 h). 
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Figure 9: Effect of sorbent dosage on copper adsorption 

(experimental conditions: initial concentration: 10mg/L, stirring 

rate: 750 rpm, pH 6.0, temperature: 308K, contact time: 2 h). 

    

 The maximum adsorption of copper ion occurred in the pH range 4.0 to 6.0. So pH 6.0 was selected as optimum pH 

for copper ion adsorption onto ASBR. From pH 6 onwards a steady decrease of adsorption of copper ion were 

recorded. Again the FTIR spectral analysis indicates the involvement of –OH functional group in the adsorption 

process of copper ion onto ASBR. This –OH group is protonated at pH values lower than 2.0 and thereby restrict the 

approach of positively charged metal ions to the surface of the adsorbent which results in lower uptake of metal. Again 

decreasing in adsorption at high pH may be due to the formation of soluble hydroxy complexes
 
[33].

 
At pH 6 there are 

three species present in solution as suggested by Elliot and Huang
 
[34]: Cu

2+
 in very small quantity and Cu (OH)

+
 and 

Cu(OH)2 in large quantities. Therefore, the specific sorption of these copper species onto ASBR may be modeled by 

ion exchange mechanism with the functional groups present in ASBR or by hydrogen bonding as shown below 

.                  2(-XOH) + M
2+

 → 2(XO)M + H
+ 

                 -XOH + MOH
+
 → (-XO)MOH + H

+
       Ion exchange 

                  2(-XOH) + M(OH)2 → (-XOH)2 M(OH)2H-bonding   (M=Cu) 

where X represents the matrix of ASBR.  

Quite similar results have been reported in literature for adsorption of copper ions
 
[35-36]. 

                                                                                                                                                                                    

 3.5. Effect of Contact Time  
The effect of contact time on the removal of copper ion is shown in Fig. 11. The removal rate was rapid initially and 

then gradually diminished to attain an equilibrium time beyond which there was no significant increase in the rate of 
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removal. The equilibrium was nearly reached after 60 min for four different initial copper (II) ion concentrations. 

Hence, in the present work, 60 min was chosen as the equilibrium time. The fast adsorption rate at the initial stage may 

be explained by an increased availability in the number of active binding sites on the adsorbent surface. The sorption 

rapidly occurs and normally controlled by the diffusion process from the bulk to the surface. In the later stage the 

sorption is likely an attachment-controlled process due to less available sorption sites. Similar results have been 

reported in literature for Cu (II) adsorption [36-39].
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Figure 10: Effect of pH on copper adsorption 

(experimental conditions: initial concentration: 

10mg/L, adsorbent dose: 2 g/ 50 ml, stirring rate: 

750 rpm, temperature: 308K, contact time: 2 h). 
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Figure 11: Effect of contact time on copper adsorption 

(experimental conditions: adsorbent dose: 2 g/ 50 ml, stirring 

rate: 750 rpm, pH: 6.0, temperature: 308K). 

 

3.6. Effect of stirring rate  

The effect of stirring rate on the removal of copper ion is shown in Fig. 12. There is a steady increase in the percentage 

of copper ion removal with increase in the stirring rate from 250 to 1000 rpm. Maximum removal of copper ions occurs 

when stirring rate is 750 rpm and thereafter the removal is almost constant and the stirring rate of 750 rpm was selected 

in subsequent analysis. The increase in removal percentage at a higher stirring rate could be explained in terms of 

boundary layer thickness. With increasing the stirring rate a good degree of mixing could be achieved and the thickness 

of boundary layer around the adsorbent particles could be reduced. Therefore the concentrations of copper ions would 

be increased near the adsorbent surface. A higher stirring rate would also ensure better mass transfer of copper ions 

from bulk solution to the surface of the adsorbent and shortened the adsorption equilibrium time. 
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Figure 12: Effect of stirring rate on adsorption of copper by ASBR (experimental conditions: initial concentration: 

10mg/L, adsorbent dose: 2 g/ 50 ml, pH: 6.0, temperature: 308K, contact time: 60 min). 
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 3.7. Adsorption isotherms 

An adsorption isotherm represents the equilibrium relationship between the adsorbate concentration in the liquid phase 

and that on the adsorbents surface at a given condition. Sorption studies were performed over an initial concentration 

range of 10-40 mg/L. A number of isotherms have been developed to describe equilibrium relationships. In the present 

study, Langmuir, Freundlich, Temkin, Dubinin-Radushkevich (D-R) and BET models were used to describe the 

equilibrium data. 

The Langmuir isotherm model [40] was used to describe observed sorption phenomena and suggests that uptake occurs 

on a homogeneous surface by monolayer sorption without interaction between adsorbed molecules. The linear form of 

the equation can be written as  

                      

eq max L e max

1 1 1

q q K C q
                                                     (3) 

Where Ce is the equilibrium concentration of Cu(II) (mg/L), qeq is the amount of metal adsorbed per specific amount of 

adsorbent (mg/g), qmax is the maximum adsorption capacity (mg/g), and kL is an equilibrium constant (L/mg) related to 

energy of adsorption which quantitatively reflects the affinity between the adsorbent and adsorbate. Where  qmax and kL 

can be determined from the linear plot of 1/qeq vs 1/Ce (Figure not shown). The shape of the Langmuir isotherm can be 

used to predict whether a sorption system is favorable or unfavorable in a batch adsorption process. The essential 

features of the isotherm can be expressed in terms of a dimensionless constant separation factor (RL) that can be 

defined by the following relationship [41]
  

                  

L i

1
 

1 K C
LR 


                                                                   (4)  

Where Ci is the initial concentration (mg/L) and kL is the Langmuir equilibrium constant (L/mg). The value of 

separation parameter RL provides important information about the nature of adsorption. The value of RL indicated the 

type of Langmuir isotherm to be irreversible (RL=0), favourable (0<RL<1), linear (RL=1) or unfavourable (RL>1). It 

can be explained apparently that when kL > 0, sorption system is favorable [42]. The evaluated constants are given in 

Table 3. Freundlich isotherm model proposes a monolayer sorption with a heterogeneous energetic distribution of 

active sites, accompanied by interactions between adsorbed molecules. The linear form of the equation
 
[43] can be 

written as:  

                    
1

log log logeq F eq K C
n

                                                   (5) 

Where, KF is the maximum adsorption capacity (mg/g) and n is related to the adsorption intensity of the adsorbent. 

Where, KF and 1/n can be determined from the linear plot of log qeq versus log Ce (Figure not shown). The evaluated 

constants are given in Table 3. 

Unlike the Langmuir and Freundlich equation, the Temkin isotherm takes into account the interactions between 

adsorbents and metal ions to be adsorbed and is based on the assumption that the free energy of sorption is a function 

of the surface coverage [42]. The linear form of the Temkin isotherm is represented as: 

                e elnA lnCq B B                                                                  (6) 

Where Ce is concentration of the adsorbate at equilibrium (mg/L), qe is the amount of adsorbate adsorbed at 

equilibrium (mg/g), RT/bT = B where T is the temperature (K), and R is the ideal gas constant (8.314 J mol
-1

 K
-1

) and A 

and bT are constants. A plot of qe versus lnCe enables the determination of constants A and B. The constant B is related 

to the heat of adsorption and A is the equilibrium binding constant (L/min) corresponding to the maximum binding 

energy. The values of A and B are given in Table 3.  

The Dubinin-Radushkevich model [44] was chosen to estimate the apparent free energy of adsorption. The linear form 

of D-R isotherm equation is represented as: 

 

                         
2ln lne mq q                                                                  (7) 

                   Where   
1

ln 1
e

RT
C

 
  

 
                                                     (8) 

where qm is the theoretical saturation capacity (mol/g), β is a constant related to the mean free energy of adsorption per 

mole of the adsorbate (mol
2
/J

2
), and   is the polanyi potential, Ce is the equilibrium concentration of adsorbate in 
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solution (mol/L), R (J/mol/K) is the gas constant and T(K) is the absolute temperature. The D-R constants qm and β 

were calculated from the linear plots of lnqe versus 
2  (Figure not shown) and are given in Table 3. The constant β 

gives an idea about the mean free energy E (kJ/mol) of adsorption per molecule of the adsorbate when it is transferred 

to the surface of the solid from infinity in the solution and can be calculated from the relationship [45]   

                                    1

2β
E                                                             (9) 

If the magnitude of E is between 8 and 16 kJ mol
-1

, the sorption process is supposed to proceed via chemisorption, 

while for values of E < 8 kJ mol
-1

, the sorption process is of physical nature [45].
 
 

The BET isotherm is a S-shaped isotherm [46]. The isotherm constants, KB and qm were calculated for copper ion 

sorption by the following equation:  

               
 

e eB

s e e B m B m s

11C CK

C K q KC q q C

 
   

  

                                        (10)  

where Ce is the concentration of solute remaining in solution at equilibrium (mg/L), Cs the saturation concentration of 

solute (mg/L), qe the amount of solute adsorbed per unit weight of adsorbent (mg/g), qm the amount of solute adsorbed 

per unit weight of adsorbent in forming a complete monolayer on the surface (mg/g) and KB is the constant expressive 

of energy of interaction with the surface. A plot of  
 

e

s e e

C

C C q
vs. e

s

C

C
would yield a straight line, from the slope 

and intercept of which qm and KB can be determined. The values of qm and KB for the adsorption of Cu (II) on ASBR 

are given in Table 3. 

 

  3.8. Error analysis 

Due to the inherent bias resulting from linearization, four different error functions of non-linear regression basin [sum 

of the square of the errors (SSE), sum of the absolute errors (SAE), Marquardt’s percent standard deviation (MPSD) 

and chi-square (χ
2
)] were employed in this study to find out the best-fit isotherm model to the experimental equilibrium 

data. 

 SSE is given as:             

                 2

, ,exp

1

( )
n

e estm e i

i

q qSSE


                                                         (11) 

Here, qe,estm
 
and qe,exp are, respectively, the estimated and the experimental value of the equilibrium adsorbate solid 

concentration in the solid phase (mg/g), and n is the number of the data point.    

 SAE is given as:                

              
, ,exp

1

n

e estm e

i i

q qSAE


                                                              (12) 

MPSD has been used by a number of researchers in the field to test the adequacy and accuracy of the model fit with the 

experimental data. This error function is given as: 
2

,exp ,

1 ,exp

1
100

n
e e estm

i e i

MP
q q

n P
S

q
D



 
    

                                                         (13) 

Chi-square (χ
2
) is given as: 

                        
2

,exp ,

1 ,

2

e

( )n
e e estm

i e stm i

q q

q




 
  

  
                                                   (14)                                                                                                      

The respective values are given in the Table 3.      

 

As shown in Table 3, it was observed that both the Langmuir and Freundlich isotherm was better fitted with the 

experimental equilibrium adsorption data than the Dubinin-Radishkevich, Tempkin and BET isotherm equation for Cu 

(II) sorption according to the values of R
2
, MPSD, χ

2
, SSE and SAE. It was also seen from Table 3 that the Langmuir 

maximum adsorption capacity qmax (mg/g) is 0.633 and the equilibrium constant kL (L/ mg) is 12.88. The Freundlich 

constant KF indicates the sorption capacity of the sorbent and the value of KF is 0.48 mg/g. Furthermore, the value of 

‘n’ at equilibrium is 4.2. The value of n lies between 1 and 10 indicating favorable adsorption
 
[47]. The separation 
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factor (RL) values are 0.007, 0.003, 0.002 and 0.001 while initial Cu (II) concentrations are 10, 20, 30 and 40 mg/L, 

respectively. All the RL values were found to be less than one and greater than zero indicating the favorable sorption of 

Cu (II) onto ASBR. From D-R isotherm the value of the adsorption energy was found to be 5.64 kJ/mol. The energy 

value for the Cu (II) ions sorption on the ASBR indicates that the sorption process is physisorption. The Temkin 

constant, bT related to heat of sorption for copper ions was found to be 14.76. It has been reported that the typical range 

of bonding energy for ion-exchange mechanism is 8-16 kJ/mol
 
[48]. The value in this study indicates a weak 

interaction between sorbate and sorbent, supporting an ion-exchange mechanism for the present study. The 

effectiveness of ASBR as an adsorbent for copper adsorption was also compared with other reported adsorbents. The 

maximum adsorption capacity obtained in this study is comparable with other adsorbents as shown in Table 4. 

 
Table 3: Adsorption isotherm constants for adsorption of copper (II) onto ASBR 

 

Adsorption isotherms Parameters 
 

R
2 

χ
2
 SSE SAE    MPSD 

Langmuir isotherm qmax(mg/g) 0.633 0.905 2.277 0.375 1.2172 20.559 

 KL (L/mg) 12.88      

Freundlich isotherm KF (mg/g)(L mg
-1

)
1/n

 0.48 0.9479 2.529 0.385 1.2671 21.28 

 n 4.2      

Temkin isotherm B (mg/g) 0.1763 0.8033 2.987 0.4018 1.344 22.37 

 A 68.03      

D-R isotherm qm (mg/g) 0.642 0.79 2.985 0.42 1.3591 22.58 

 β (mol
2
kJ

-2
) 0.0157      

 E(kJ mol
-1

) 5.64      

BET qm (mg/g) 0.7232 0.8744 8.657 0.492 1.7611 29.83 

 KB 36.58      
 

 

  Table 4: A comparisons of maximum adsorption capacities for copper ions by different adsorbents 

 

Adsorbent qmax (mg/g) pH T(K) Reference 

Sphagnum peat moss 12.60 5 298 [49] 

Neurospora crassa 12.30 5 298 [50] 

Saccharomyces cervisiae 10.72 6 298  [51] 

Cercis siliquastrum 9.35 4 NA  [52] 

Activated carbon 9.22 NA 293  [53] 

Modified carrot residue 8.74 5.2

5 

293  [54] 

Puracite C-104 ion-exchange 

resin 

7.92 4.5 298 [55] 

Modified oak sawdust 3.60 4 313  [56] 

Potato peels 0.38 6 303 [57] 

Periwinkle shell carbon 0.07 8 NA [58] 

Powdered limestone 0.29 7 298  [59] 

A. Spinosus 0.206 NA NA  [60] 

Gonoderma 0.375 NA NA  [61] 

ASBR 

 

0.63 6 313 This study 

  

3.9. Adsorption Kinetics Modeling 
The rate of adsorption and possible adsorption mechanism of copper onto ASBR was analyzed using Lagergren first 

order [62], pseudo-second order [63], Intraparticle diffusion [64], Elovich [65]
 
and surface mass transfer model [66]. 

The Lagergren first order rate equation is represented as: 

                              1log( lo)
2.303

ge t e
k

q
t

q q                                     (15) 
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Where qe and qt are the amounts of copper adsorbed (mg/g) at equilibrium and at time t, respectively and k1 is the 

Lagergren rate constant of first order adsorption (min
-1

). Values of qe and k1 at different concentrations were calculated 

from the slope and intercept of the plots of log (qe –qt) versus t (Figure not shown). The respective values are given in 

the Table 5. 

The second order kinetic model is represented as 

                               
2

2

1

et e

t t

q k q q
                                                                             (16) 

Where k2 is the rate constant of second order adsorption (g/mg/min). Values of k2 and qe were calculated from the plots 

of t/qt versus t (Fig. 13). The respective values are given in the table 5. Furthermore the plot of t/qt versus t at different 

temperatures is shown in Fig. 14 and the pseudo-second-order model constants were presented in the Table 5. Again 

from the pseudo-second-order kinetic parameters, the initial adsorption rate, h (mg g
-1

 min
-1

) [67] at different 

temperatures was calculated using Eq. (17) and are presented in Table 6: 

                             
2

2                                                                           eh k q        (17) 

The most commonly used technique for identifying the mechanism involved in the adsorption process is by using intra-

particle diffusion model as (Weber and Morris model): 

                            
1/ 2

t dq K t I                                                                                  (18) 

Here, I is the intercept and Kd is the intra-particle diffusion rate constant. The intercept of the plot reflects the boundary 

layer effect. Larger the intercept, greater is the contribution of the surface sorption in the rate controlling step. If the 

regression of qt against t
1/2

 will be linear and the line will pass through the origin then intra-particle diffusion was the 

only rate limiting parameter controlling the process. Otherwise, some other mechanism is also involved. Fig. 15 

presents intra-particle plot for copper (II) onto ASBR. The figure shows three distinct regions, the initial curved region 

corresponds to the external surface uptake, the second stage relates the gradual uptake reflecting intraparticle diffusion 

as the rate limiting step and final plateau region indicates equilibrium uptake. The diffusion rate parameters were 

shown in Table 5. The kid value was higher at the higher concentrations. 

 

 
Figure 13: Second order plots of copper adsorption onto 

ASBR (experimental conditions: temperature: 308 K, 

adsorbent dose: 2 g/ 50 ml, agitation speed: 750 rpm, pH: 

6.0) 

 

 
Figure 14: Pseudo second- order kinetic plots for 

adsorption of copper onto ASBR at different temperatures 

(experimental conditions: initial copper ion concentration: 

10 mg/ L, adsorbent dose: 2 g/ 50 ml, agitation speed: 750 

rpm, pH: 6.0). 
 

Mass transfer analysis for the removal of copper was carried out using the kinetic model
 
which describes the transfer of 

adsorbate in solution. The model is expressed as: 

        t L L

0 L L L

mk 1 k1
ln ln    

1 1 k mk
L s

m
S t

mk m

C

C


  
   

  

                                            (19) 
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where Ct is the concentration (mg/L) after time t, Co is the initial concentration (mg/L), m is the mass of adsorbent per 

unit volume of particle-free adsorbate solution (g/L), βL is the mass transfer coefficient (cm/s), kL is the constant 

obtained from the Langmuir isotherm equation (L/g), and Ss is the outer surface of adsorbent per unit volume of 

particle free solution (cm
-1

), given as: 

              
S

ad

6

(1 )
S

D

m





                                                                                          (20) 

Where Da is the particle mean diameter (cm), d is the density of the adsorbent (g/cm
3
) and ε is the porosity of the 

adsorbent. The results are showing in Fig. 16. The plot of  t

0 L

C 1
ln

C 1 mk

 
 

 
 versus t for gives a straight line and 

thus confirms the validity of the equation for the present system. The value of βL for different initial concentrations was 

determined from the slope and intercept of the plots and are shown in Table 5. 

0 20 40 60 80 100
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Figure 15: Intraparticle diffusion effect on the adsorption of copper onto ASBR (experimental conditions: initial 

copper ion concentration: 10 mg /L, adsorbent dose: 2 g/ 50 ml, agitation speed: 750 rpm, pH: 6.0) 

 
Figure 16: Mass transfer plot for the adsorption of copper on ASBR (experimental conditions:  adsorbent dose: 2 g/ 50 

ml, agitation speed: 750 rpm, pH: 6.0, temperature: 308 K).  

 

The Elovich equation is useful in describing adsorption on highly heterogeneous surfaces. The Elovich kinetic model is 
represented as: 

                       t

1 1
ln lntq 

 
                                                        (21) 
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Where α is the initial sorption rate constant (mg/g.min), and the parameter β is related to the extent of surface coverage 

and activation energy for chemisorptions (g/mg). Both the kinetic constants (β and α) will be estimated from the slope 

and intercept of the plot qt versus lnt (Fig.17). The corresponding values are represented in the Table 5. 

 
 

Figure 17: Elovich plots of copper adsorption onto ASBR (experimental conditions: temperature: 308 K, adsorbent 

dose: 2 g/ 50 ml, agitation speed: 750 rpm, pH: 6.0). 

 

Table 5: Kinetic parameters for adsorption of copper (II) onto ASBR 

 

Kinetic model parameters Concentration of copper (II) solution 

  10 mg/L 20 mg/L 30 mg/L 40 mg/L 

 qe,exp (mg/g) 0.24875 0.4585 0.6675 0.8350 

Pseudo-first-order k1(min
-1

) 0.02 0.04 0.05 0.04 

 qe,cal (mg/g) 0.06 0.23 0.28 0.15 

 R
2 

0.831 0.870 0.928 0.965 

Pseudo-second-order k2 (g/mg
-1

 min
-1

) 0.8025 0.9420 0.9507 1.66 

 qe,cal (mg/g) 0.258 0.467 0.676 0.843 

 R
2 

0.998 0.999 0.999 0.999 

Intraparticle diffusion Kd (mg/g.min
1/2

) 0.008 0.035 0.038 0.047 

 I 0.17 0.192 0.411 0.497 

 R
2 

0.787 0.917 0.903 0.788 

Surface mass transfer βL (cm/s) 2.326x10
-6 

0.695x10
-6 

0.33x10
-6 

0.113x10
-6 

 R
2
 0.7697 0.8259 0.7808 0.8339 

Elovich α (g/min) 7.28 8.7x10
4
 2.9x10

8
 3.2x10

11
 

 Β (g
-1

) 41.84 43.29 41.84 41.84 

 R
2 

0.70 0.70 0.70 0.70 

     

Table 6 : Pseudo-second-order kinetic parameters at different temperatures 

 

T(K) 

 

qe,cal(mg g
-1

) k2 (g mg
-1

 min
-1

) h( mg g
-1

 min
-1

) 

303 0.245 0.836 0.05 

308 0.2587 0.8025 0.05 

313 0.259 0.72 0.048 

318 0.2610 0.644 0.043 

323 0.180 0.60 0.01 

328 0.14 0.47 0.009 
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It is clear from the Table 5 that the pseudo- second-order kinetic model showed excellent linearity with high correlation 

coefficient (R
2
>0.99) at all the studied concentrations in comparison to the other kinetic models. In addition the 

calculated qe values also agree with the experimental data in the case of pseudo-second-order kinetic model. It is also 

observed from Table 6 that rate constant, k2 decreased as the temperature increased indicating exothermic nature of 

adsorption of copper ion onto ASBR. Again as evident from Table 6, the initial adsorption rate, h, decreased with 

increase in temperature suggesting that adsorption of copper ion onto ASBR was not favorable at higher temperatures. 

Again as shown in Table 5 the external mass transfer coefficient ranges from 2.326x10
-6

 cm s
-1

 for 10 mg l
-1

 initial Cu 

(II) and 0.113x10
-6

 cm s
-1

 for 40 mg l
-1 

Cu(II) concentration. It was found that the external mass transfer coefficient 

decreased with increase in initial Cu(II) concentration. These results are consistent with previous studies on copper and 

mercury sorption onto chitosan [68]. 
 

3.10. Thermodynamic Parameters and Activation energy. 

  In order to study the feasibility of the adsorption process, the thermodynamic parameters such as free energy, 

enthalpy and entropy changes can be estimated from the following equations [69]: 

 

      Ae
C

e

C
K

C
                                                                                                     (22) 

 

     
0

ClnKG RT                                                                                            (23) 

 
0 0

Clog
2.303R 2.303

S H
K

RT





                                                                         (24) 

Where Ce is the equilibrium concentration in solution in mg/L and CAe is the equilibrium concentration on the sorbent 

in mg/L and Kc is the equilibrium constant. The Gibbs free energy change (G
o
) at all temperatures was obtained from 

Eq. (23). The values of H
o 
and S

o
 were obtained from the slope and intercept of the plot logKc against 1/T (Fig. not 

shown) and arte listed in Table 7. 

From the pseudo-second-order rate constant k2 (Table 6), the activation energy Ea for the adsorption of copper ions on 

ASBR was determined using the Arrhenius equation: 

          alnk lnA
RT

E
                                                                                        (25) 

Where k is the rate constant, A is the Arrhenius constant, Ea is the activation energy (kJ mol
-1

), R is the gas constant 

(8.314 J mol
-1

 K
-1

) and T is the temperature (K). By plotting lnk versus 1/T, Ea was obtained from the slope of the 

linear plot (Figure not shown).  

 

Table 7: Thermodynamic and activation energy parameters for adsorption of copper onto ASBR    

 

Temp.(K) G
o
(kJmol

-1
) H

o
(kJmol

-1
) S

o
(kJmol

-1
) Ea (kj mol

-1
) 

  -56.80 -0.159 -17.63 

303 -7.164    

308 -13.55    

313 -13.77    

318 -13.99    

323 -1.901    

328 -0.027    

 

From Table 7 it is clear that the reaction is spontaneous in nature as G
o
 values are negative at all the temperature 

studied. Increase in value of G
o
 with increase in temperature suggests that lower temperature makes the adsorption 

easier. It is of note that ΔG
o
 up to – 20 KJ/mol are consistent with electrostatic interaction between sorption sites and 

the metal ion (physical adsorption) while ΔG
o
 values more negative than – 40 KJ/mol involve charge sharing or 

transfer from the adsorbent surface to the metal ion to form a coordinate bond (chemical adsorption) [70]. The ΔG
o
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values obtained in this study for copper ions are less negative than -20 KJ/mol, indicative that physical adsorption is 

the predominant mechanism in the sorption process. Again negative H
o
 value confirms that the sorption is 

exothermic in nature. The negative values of S
o 

suggest that the adsorption process is enthalpy driven. The 

magnitude of activation energy (Ea) can reveal important information on the mechanism of sorption reaction. Low Ea 

values usually indicate that adsorption is diffusion-controlled transport and physical adsorption process, whereas higher 

Ea values ranging from 8.4 to 83.7 kJ/mol would indicate that chemical reaction is the predominant process [71].
 
The 

Ea value was found to be -17.63 kJ mol
-1

.The measured Ea value suggests that the adsorption is physisorption and 

diffusion controlled. The negative values of Ea indicate that lower solution temperature favors metal ion removal by 

adsorption onto the ASBR and the adsorption process is exothermic in nature [70].  
 

3.11. Effect of co-ions on copper adsorption. 

Actually, copper contaminated water contains several other ions that may influence the adsorption process. This study 

assessed copper adsorption behavior in the presence of 0.1 M salt solutions of sodium, calcium and aluminum, 

independently, at an initial copper concentration of 10 mg/L. The effect of these coexisting ions on copper removal is 

shown in Fig. 18. It was observed that copper removal decreased from 99.5 % to 67 % in the presence of sodium and to 

34 % in the presence of calcium and to 22 % in the presence of aluminum. According to the Surface Chemistry Theory 

developed by Guoy and Chapman [72], when solid adsorbent is in contact with sorbate species in solution phase, they 

are bound to be surrounded by an electrical diffused double layer; the thickness of the layer is significantly expanded 

by the presence of electrolyte. Such expansion inhibits the adsorbent particles and Cu (II) from approaching. Copper 

removal in the presence of an ions increased in the order Al
3+

< Ca
2+ 

<Na
+
. This correlates with the Z/r (charge/radius) 

values of the cations, which varies in the order Al
3+

> Ca
2+

 > Na
+
. 

 
Figure 18: Effect of interfering ions for copper removal on ASBR (experimental conditions: initial copper ion 

concentration: 10 mg L
-1

, adsorbent dose: 2 g/ 50 ml, agitation speed: 750 rpm, pH: 6.0, Temperature: 308 K). Vertical bar 

with dissimilar letters are significantly different (p<0.05) 

 

 Conclusions 
In this study, natural alluvial soil of Bhagirathi river of Indian origin was tested and evaluated as a possible adsorbent for 

removal of copper from its aqueous solution using batch sorption technique. The adsorption process is also dependent on 

numerous factors such as the solution pH, adsorbent dosage, temperature, stirring rate, initial concentration and contact time. 

The percentage removal of copper ions decreased with an increase in the copper concentration while it increased with 

increase in contact time and adsorbent dose. The maximum removal was found between the pH ranges 2.0-6.0. The isotherm 

study indicates that the sorption data can be modeled by both Langmuir and Freundlich isotherms. According to Dubinin-

Radushkevich (D-R) isotherm model, adsorption of copper onto ASBR was physisorption. The adsorption kinetics followed 

pseudo-second-order kinetic model. Intra-particle diffusion was not the sole rate controlling factor. The activation energy of 

the adsorption process (Ea) was found to be -17.63 kJ mol
-1

 by using the Arrhenius equation, indicating physisorption nature 
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of copper adsorption onto ASBR. Thermodynamic analysis suggests that the removal of copper from aqueous solution by 

ASBR was a spontaneous and exothermic process. The present findings suggest that ASBR may be used as an inexpensive 

and effective adsorbent without any treatment or any other modification for the removal of copper from aqueous solutions. 
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