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Abstract: Heavy metal harmfulness caused by industrial waste water has become a threat 

to the environment. Very small concentration of metallic ions present in water increases the 

health problem of all the living organisms. Nickel is one of the non-biodegradable, toxic, 

heavy metal ions present in waste water. Attempts have been made to develop inexpensive 

adsorbents. In the present study, the removal of nickel from their aqueous solutions using 

ordinary sand as an adsorbent was carried out. The effects of pH, contact time, sorbent dose 

and initial metal ion concentration on the uptake of nickel were studied in batch process. The 

sorption data has been correlated with Langmuir, Freundlich and Temkin adsorption models. 

It was found that Langmuir isotherm fitted well to the data. Pseudo-second order model 

explains the nickel kinetics more effectively. Reusability of the adsorbent was examined by 

desorption in which HCl eluted 90.21% nickel. The results revealed that nickel is 

considerably adsorbed on natural sand and it could be an economic method for the removal 

of nickel from aqueous solution. 
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1. Introduction  
Effluents from industrial activities are normally the culprits in pollution of water bodies 

by heavy metals such as cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), nickel (Ni), etc. 

Heavy metals are non-biodegradable, carcinogenetic and bio accumulate and hence they have 

been implicated in causing a wide range of diseases and disorders. Among heavy metals, nickel is 

one of the most utilized in the manufacturing process of stainless steel, super alloys, metallic 

alloys, coins, batteries etc. Direct exposition to nickel 
 
causes dermatitis. Some nickel compounds, as carbonyl, are carcinogenic and easily absorbed 

by skin [1]. Acute poisoning of Ni (II) causes headache, dizziness, nausea and vomiting, 

chest pain, tightness of the chest, dry cough and shortness of breath, rapid respiration, 

cyanosis and extreme weakness [2]. The removal of such a heavy metal from contaminated 

water bodies has been attempted by several scientists employing a wide variety of techniques 

including chemical precipitation, chemical oxidation or reduction, filtration, ion exchange, 

electrochemical treatment, membrane filtration, reverse osmosis and adsorption. However, 

most of these methods have considerable disadvantages including incomplete metal removal, 

high capital, operational cost and the disposal of residual metal sludge which are not suitable 

for small scale industries [3]. 
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The process of adsorption is considered one of the most suitable methods of the removal of 

contaminants from water and a number of low cost adsorbents have been reported for the 

removal of heavy metals (ions) from aqueous solutions. Activated charcoal is very efficient 

in removal of metal ions. but is readily soluble under very low and high pH conditions. There 

are a quite large number of studies regarding the preparation of activated carbons from 

agriculture wastes, fruit stones, hard shell of fruit stones, bagasse, manure compost, oil palm 

waste, agriculture residue from sugarcane, saw dust, sewage sludge [4]. Most of activated 

carbons are prepared by a two stage process carbonization followed by activation. The first 

step is to enrich the carbon content and to create an initial porosity and activation process 

helps in enhancing the pore structure. The activation can be carried by two different 

processes physical and chemical. Chemical activation has two important advantages as 

compared to physical activation. One is lower temperature in which the process is 

accomplished. The other is that the global yield to the chemical activation tends to be greater 

since burn off char is not required 
 
[5]. Among the numerous dehydrating agents, sulphuric acid is the widely used chemical 

agent in the preparation of activated carbon.  
In addition to the different natural sorbents soils and clays also show remarkable 

potential towards the removal of heavy metals ions from water. For wastewater treatment, the 

most important properties of natural zeolite are cation exchange capacity and ion selectivity 

[6]. 
 

Removing of heavy metal by natural zeolites with respect to Co
2+

, Cu
2+

, Zn
2+

, and Mn
2+

 
were studied [7]. Natural zeolite is able to eliminate some of heavy metals effectively from 
industrial wastewater. The ability of the zeolite to be regenerated is an important issue that 
must be well considered together with the other relevant properties such as its selectivity to 
eliminate heavy metals toxicity from aqueous solutions [8].  
In this study, ordinary sand taken from township area in Neyveli region, Cuddalore District, 

Tamilnadu, India have been used for the removal of Ni(II) ions from aqueous solution since it 

is readily available and can be used as a viable adsorbent for the removal of heavy metals. 

The effects of pH, contact time, sorbent dose and initial metal ion concentration on the uptake 

of nickel have been studied. 

 

2. Materials and methods 
 

2.1 Preparation of adsorbent 
 

Natural sand was collected, washed well with water (to remove the soluble impurities) 

and filtered. In order to have sufficient of sand for systematic studies of Nickel removal, 

several 50g lots of sand were carbonized using 20ml of concentrated sulphuric acid in each 

instance. After mixing thoroughly, the samples were let stand in an oven at 140◦C -160◦C for 

24 hours. They were then washed with tap water. Finally, they were washed with distilled 

water, dried in an air oven at 110◦C for 8 hours. After 24 hours, the carbon was taken out 

from the oven and washed with tap water and tested for sulphate. When it was found to be 

sulphate free, it was filtered, washed well with double distilled water, dried, stored and kept 

in air tight glass container. 
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2.2 Chemicals  
All chemicals and reagents used were of analytical grade. Stock solutions of Ni 

(II) were prepared from nickel sulphate in deionized water. Digital pH meter was used to 

measure the pH values of the solutions. Solutions of 0.1M NaOH and 0.1 HCl were used for 

pH adjustment. All the working solutions were prepared by diluting the stock solutions with 

deionized water.  
2.3 Batch adsorption experiments 
 

Batch adsorption experiments were carried out in a series of stoppered reagent bottles. 

A weighed amount (1.00 g) of adsorbent was introduced into the reagent bottles (100 ml) 

containing various concentration of nickel. The total volume of the aqueous solution is equal 

to 50 ml. The solution pH was adjusted to the desired value by adding 0.1M HCl and 0.1M 

NaOH. The bottles were then shaken at room temperature using an electric shaker for a 

prescribed time to attain the equilibrium. 
 

The solutions were filtered and final Nickel (II) concentrations of metal ions were 

determined by using an 
 
ultraviolet-visible (UV_Vis) 
 
spoectrophotometry. The instrument calibration was checked by using standard metal 

solutions. The amount of Nickel (II) adsorbed was calculated by the following mass balance 

equation. 

Ce  
C0  Ce V 
  

......... (1)   

  W  
Where Co and Ce are initial and equilibrium concentration of metal ion (mg/L) 

respectively, m is the mass of adsorbent in gram (g) and V was the volume of the solution in 

liter (L). 

3. Results and Discussion  
3. 1 Effect of pH  

Metal   biosorption   is   critically linked with pH. In order to establish the effect of pH on the 

adsorption of Ni(II) onto adsorbent, the batch adsorption studies at different pH values were 

carried out (Fig. 1). From results it is evidence that maximum adsorption of Ni(II) was 

80.25% at pH 6.0. pH of the solution plays a very important role in the metal uptake. Both 

adsorbent surface metal binding sites as well as metal chemistry in solution are influenced by 

solution pH. At low pH values, metal cations and protons compete for binding sites on 

adsorbent surface which results in lower uptake of metal. It has been suggested that at highly 

acidic condition, adsorbent surface ligands would be closely associated with H3O
+
 that 

restricts access to ligands by metal ions as a result of repulsive forces. It is to be expected that 

with increase in pH values, more and more ligands having negative charge would be exposed 

which result in increase in attraction of positively charged metal ions [9]. In addition, at 

higher pH the lower binding is attributed to reduced solubility of the metal and its 

precipitation [10].  
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Fig. 1 Effect of pH on Ni(II) removal [Ni(II) concentration = 100 mgL-1; adsorbent dose = 

1.00 g; contact time = 50 min; stirring speed =100 rpm; temp = 32
o
C] 
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3.2 Effect of Adsorbent Dose 
 

Effect of adsorbent dosage on percentage removal of Ni(II) was investigated by 

varying adsorbent dosage in the range of 0.5g to 2.00 g. It was observed that the percentage 

removal of Ni(II) increases with the increase in the adsorbent dosage (Fig. 2). The maximum 

percentage removal of Ni(II) was 79.97% at 1.00 g of adsorbent dose and constant initial 

metal ion concentration of 100 mg L-1. The phenomenon of increase in percentage removal 

of Ni(II) with increase in adsorbent dose may be explained as with increase in adsorbent 

dose, more and more surface becomes available for metal ion to adsorb and this increase the 

rate of adsorption [11]. 
 
 
 
 
 
 
 
 

 

Fig. 2 Effect of adsorbent dose on Ni(II) 
 

removal 
 
[Ni(II) concentration = 100mg L-1; pH= 6.0; contact time= 50 min; stirring speed= 100 rpm; 

temp= 32
o
C] 

 

3.3 Effect of Contact Time 
 

Fig. 3 shows the effect of contact time on the extent of adsorption of Ni(II). It has 

been observed that adsorption rate increased from 48.71% to 79.90% with increased in 

contact time from 10 to 100 min. Maximum Ni(II) removal was achieved within 50 min after 

which Ni(II) concentration in the test solution became constant. It may be explained by the 

fact that initially for adsorption large number of vacant sites was available, which slowed 

down later due to exhaustion of remaining surface sites and repulsive force between solute 

molecule and bulk phase [12]. 
 
 

 
 
 

 

 

 

 
 
  

 

Fig. 3 Effect of contact time on Ni(II) removal 
  
[Ni(II) concentration = 100 mgL-1; pH = 6.0; adsorbent dose = 1.00 g stirring speed = 100 

rpm; temp = 32
o
C] 
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3.4 Effect of Initial Metal Ion Concentration 
 

Fig. 4 shows the effect of initial metal concentration on the adsorption experiment. It 

was observed that adsorption of Ni(II) decreased from 80.35% to 44.48% with increased in 

metal concentration from 25 – 200ppm. At higher concentration, most of the Ni(II) are left 

unabsorbed due to saturation of adsorption sites. As the ratio of sorptive surface to ion 

concentration decreased with increasing metal ion concentration and so metal ion removal 

was reduced. At low initial concentration of metal ions, more binding sites are available. But 

as the concentration increases, the number of ions competing for available binding sites in the 

biomass increased [13]. 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4 Effect of initial metal ion concentration on Ni(II) removal [Adsorbent  dose  =  1.00g;  pH  

=  6.0; contact time = 50 min; stirring speed = 100 rpm; temp = 32
o
C] 

 

3.5 Equilibrium Isotherms: 
 

There are several models that express a relation between the amounts of sorption and the 

residual solute concentration. The most frequent models are the Langmuir, Freundlich and 

Temkin, isotherm models. An isotherm describes the relationship of the concentrations of a solute 

between two separate phases at equilibrium at a constant temperature. A sorption isotherm, then 

would express the relation between the amount of solute or vapor sorbed as a function of the 

equilibrium concentration of the solute or vapor in the solution. A sorption isotherm describes the 

process without reference to the mechanism [14]. The equilibrium sorption isotherm points to 

how the sorbate molecule or ions are distributed between the solid phase and the liquid phase. To 

find out the suitable isotherm models, analysis of isotherm data by adapting to different isotherm 

models is an important step that can be used for design purpose. In the present research, the 

sorption equilibrium data of Ni
2+

, by sand was analyzed in terms of Langmuir, Freundlich and 

Temkin, isotherm models [15]. 

 

 

3.5.1 Langmuir isotherm: 
 

The Langmuir isotherm model is based on ideal assumption of a total monolayer 

sorption on sorbent surface 
 
[16]. Langmuir equation relates the coverage of molecules on a solid surface to 

concentration of a medium above the solid surface at a fixed temperature. The isotherm is 

based on three assumptions, namely, sorption is limited to monolayer coverage, all surface 

sites are alike and can only accommodate one sorbed atom, and the ability of a molecule to 

be sorbed on a given site is independent of its neighboring site’s occupancy [16,17]. The 

Langmuir model suggests that sorption occurs on homogenous surfaces by monolayer 

sorption (sorption onto a surface with a finite number of identical sites), without interaction 

between sorbed molecules. The equation (1) describes the model: 
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q
e 

qm bc Ce ................... (2) 
 

 1  bCe  

Where:b is constant related to the affinity of the binding site (L mg
-1

), qe = the sorbed 

metal ions on the biomass (mg g
-1

), Ce = metal ions concentration in the solution at 

equilibrium (mg L-1), and qm = maximum sorption capacity for a monolayer coverage (mg 

g
-1

). 
 

The maximum sorption amount of the metal ion per unit weight of biomass needed to 

form a complete monolayer on the surface. qm represents a practical limiting sorption 

capacity when the surfaces fully covered with metal ions and assists in the comparison of 

sorption performances. The sorption parameters (qm, b) can be determined from the 

linearized plotting 1/qe vs. 1/Ce as shown in figure (5) according to equation (2) and Table 

(1) show this parameter. 

C
 e 

1
C

e……… (3)  

qe qm b qm  

Probably the Langmuir isotherm model is the most widely applied model because it allows 

obtaining the maximum sorption capacity (qm) for given sorbent/sorbate system, at constant 

temperature [18] 

 

 

 

 

 

 

 

 

 

 

                                             Figure (5): Langmuir isotherm for  

adsorption of Ni(II) 

 

[Adsorbent dose = 1.00g; pH = 6.0; contact time = 50 min; stirring speed = 100 rpm; temp = 

32
o
C] 

 

3.5.2 Freundlich isotherm: 
 

The Freundlich isotherm model is based on heterogeneous surface assumption, 

expressed by equation as [19]: 
 

qe   K F  Ce
1/

 
n
 ……………….(4) 

 

Where: KF and n = the Freundlich constants, KF related to the sorption capacity, (mg 

g-1) 
 

The Freundlich isotherm describes equilibrium on heterogeneous surfaces and hence 

doesn’t assume monolayer capacity. The larger its value, the higher capacity, n is the sorption 

intensity or the heterogeneity of the sorbent; the more heterogeneous the surface, the larger 

its value. If 1/n approaches 1, the equation becomes linear. If 1/n value within 0.1 and 1 there 

is a favorable sorption of the sorbate on the given sorbent. The Freundlich relation is an 
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exponential equation that assumes that the concentration of sorbate on the sorbent surface 

increases by increasing the sorbate concentration in the liquid phase. Equation 
 
(4) can be linearized in logarithmic form and the Freundlich constants can be  
determined. 

log qe = (1/n) log Ce + log KF  
…… …. (5) 

 

 
 

The values KF and n can be estimated respectively from the intercept and slope of a 

linear plot of experimental data of log qe versus logCe as shown in Figure (6) and Table (1). 

Freundlich isotherm provides no information on the 
 
monolayer sorption capacity in comparison with the Langmuir model. This isotherm is widely 

recommended due to its accuracy. If gives more accurate results, then the Langmuir isotherm for 

a heterogeneous sorption system [14,18 and 20]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (6): Freundlich isotherm for adsorption of Ni(II) 

 

[Adsorbent dose = 1.00 g; pH = 6.0; contact time = 50 min; stirring speed = 100 rpm; temp = 

32
o
C] 

 

3.5.3 Temkin isotherm: 
 

Another empirical equation is the Temkin equation proposed originally by Temkin 

1935. Temkin and Pyzhev were considered the effects of indirect sorbate/sorbent interactions 

on sorption isotherms. The heat of sorption of all molecules in the layer would decrease 
 
linearly with coverage due to sorbate/sorbent interactions [21]. The linear form of the Temkin 

isotherm equations are given as [22]: 

qe =  BT ln KT + BT ln Ce ……… (5) 

bT = RT/BT ……… (6) 

Where: KT is Temkin sorption potential (L/mg), BT & bT are Temkin constants. 

When qe was plotted against lnCe , a straight line with the slope of BT must be obtained. The 

values KT and BT can be estimated respectively from the intercept and slope of a linear plot 

of experimental data of qe versus ln Ce as shown in Figure (7) and parameters listed in Table 
(1).  
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Figure (7): Temkin isotherm for adsorption of Ni(II) 
 
[Adsorbent dose = 1.00 g; pH = 6.0; contact time = 50 min; stirring speed = 100 rpm; temp = 

32
o
C] 

 
Table (1): Parameters of Langmuir, Freundlich and Temkin isotherm for sorption of Ni(II) on 

sand. 

Parameters Value 
  

Langmuir Isotherm  

qe (mg g
-1

) 500 

b (L mg 
-1

) 0.4878 

R
2 

0.9947 
  

Freundlich Isotherm  

KF (mg g
-1

) 600.06 

n (L mg 
-1

) 2.1039 

R2 0.8895 

Temkin Isotherm  

BT 1206 

KT 0.5339 

R2 0.9373 

 

4. Conclusion 
  

According to the experimental results, the natural sand as an effective sorbent, low 

cost, and alternative sorbent precursor for the removal of nickel(II) from wastewater. The 

equilibrium conditions were attained equilibrium within 50 min. The sorption capacity first 

increased with increases in contact time due to the availability of the uncovered surface area 

of the sorbents, then remains almost constant, which reflects the maximum sorption capacity 

of the sorbent under operating conditions. It has been found that the sorption increased with 

increasing in pH until the optimum pH is reached, because the surface of sorbent becomes 

negative at higher pH values. The amount of heavy metal ions removal was increased with 

increasing temperature, While the removal percentage of heavy metal ions does not have 

same behavior with the increasing concentration. The sorption capacity increased with 

increasing sorbent dosage due to great surface area. The linear Langmuir, Freundlich, and 

Temkin were used to represent the experimental data, and the data could by relatively well 

interpreted by Langmuir isotherm model. 
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