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Abstract 

This research project investigates the application of Saudi activated clay 
(bentonite) to remove nickel from aqueous solutions. The removal characteristics 
of nickel ions from aqueous solution using Saudi activated bentonite were 
investigated under various operating variables like shaking time, solution pH, 
clay dosage and initial metal concentration. The results showed that the sorption 
of nickel ions on Saudi activated clay was relatively fast and the equilibrium was 
reached after 40 min. They also showed that increasing the initial nickel 
concentration decreased nickel removal percentage due to the saturation of clay 
with nickel ions. Furthermore, the adsorption of nickel increases from 70 to 
100% with an increase in solution pH from 2.0 to 9.0. The adsorption isotherm 
data were well fitted with both the linearized Langmuir and Freundlich models. 
Nickel adsorption onto Saudi activated bentonite was well represented by the 
pseudo-second-order kinetic model.  
Keywords: removal of nickel, Saudi bentonite, adsorption of nickel, heavy metals 
removal, adsorption isotherm, adsorption kinetic.  

1 Introduction 

Effluent wastewaters from processes such as electroplating, metal finishing, 
metallurgical, chemical manufacturing and battery manufacturing industries 
contain toxic substances, metal acids, alkalis, and other substances. Removal of 
heavy metals such as nickel from aqueous solutions is necessary because of the 
frequent appearance of these metals in waste streams. This problem has received 
considerable attention in recent years due primarily to concern that those heavy 
metals in the waste streams can be readily adsorbed by marine animals and 
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directly enter the human food chains, thus presenting a high health risk to 
consumers [1, 2]. Nickel compounds are important in modern industry and are 
used in electroplating, electroforming, and for production of nickel–cadmium 
batteries and electronic equipment. Nickel alloys, like stainless steel, are used in 
the production of tools, machinery, armaments, and appliances. They are also 
used to cast coins, and to produce jewellery and medical prostheses. As the result 
of accelerated consumption of nickel-containing products nickel compounds are 
released to the environment at all stages of production and utilization. Their 
accumulation in the environment may represent a serious hazard to human 
health. Among the known health related effects of nickel are skin allergies, lung 
fibrosis, variable degrees of kidney and cardiovascular system poisoning and 
stimulation of neoplastic transformation [3, 4]. Adsorption of nickel ions by clay 
has been the subject of several recent studies [5–9]. It was found that the 
adsorption of nickel from aqueous solution depends on contact time, amount of 
adsorbent, solution pH and Nickel concentration.  
     The main objective of this study is to investigate the feasibility of using Saudi 
activated clay (bentonite) to remove nickel from aqueous solutions. The choice 
of this material is based on its low cost, considering its abundance in Khulays 
bentonite deposit, 95 km north of Jeddah.      

2 Materials and methods 

2.1 Preparation of Saudi activated bentonite 

Saudi raw clay (bentonite) used in this study was collected from Khulays 
bentonite deposit, 95 km north of Jeddah. It was not active in its natural state. In 
order to modify its adsorptive property, natural bentonite was activated using 
sulfuric acid leaching. The experimental set up and chemical treatment method 
with H2SO4 which was carried out in this study are similar to what have been 
described previously [10]. Table 1 shows the chemical composition of Saudi 
Activated bentonite. 

Table 1:  Chemical composition of and Saudi activated bentonite [10]. 

Compound Chemical composition (%) 
Sio2 66.2 

Al2O3 11.71 
Fe2O2 3.0 
TiO2 1.5 
MgO 0.73 
CaO <0.05 
K2O 0.48 
Na2O 0.12 
MnO 0.05 
SO3 <0.05 
P2O5 <0.05 

L.O.I.(1000ºC) 15.3 
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     The acid treatment was conducted using a Pyrex glass batch reactor with 
boiler-reflux condenser and a magnetic stirrer/hot plate. Acid activation was 
done using the optimum operating variables such as, 15% by weight acid 
concentration, the temperature of boiling, 90 minutes reaction time, moderate 
mixing, grain size of -200 mesh (74m) and water to clay ratio of 5:1.  

2.2 Adsorption process 

Adsorption tests were made by batch technique at room temperature (25ºC). 
Stock solution (1000 mg/L) of nickel is prepared by dissolving the appropriate 
amounts of analytical reagent grade Ni(NO3)2.6H2O, in distilled water. The stock 
solutions were diluted as required to obtain standard solutions containing 20–100 
mg/L of a required heavy metal. A sample of 50 ml of the diluted nickel solution 
was added to a group of 100 ml conical flasks. Saudi activated bentonite sample 
in the range of 0.125–1.25 g was added to each flask under continues mixing 
using Horizontal Shaker (JULABO SW 22). pH adjustments was carried out 
using 1N HCl and 1N NaOH. 200 rpm shaking was applied in the shaker. 
Afterward, samples were taken out from the shaker at regular contact time 
intervals and the clay was separated by filtering. The filtrate was analyzed for 
nickel concentration by atomic absorption spectrophotometer (AAS). The effects 
of several factors such as pH, concentration of solution, clay mass and contact 
time on nickel removal efficiency were investigated.  

3 Results and discussion 

3.1 Effect of contact time 

Nickel adsorption was studied by varying the contact time between the adsorbate 
and adsorbent in the range 1-60 min. Adsorption of nickel at different contact 
time was studied for initial nickel concentration ranging from 20 to 100 ppm, 
while the dose of clay sample was 0.5 g/50 ml and the solution pH was kept 
unchanged at 3.2. The data showed that the sorption of nickel ions on Saudi 
activated bentonite was relatively fast where the equilibrium was reached after 
40 min (Figure 1). The adsorption process is fast at the beginning of the reaction 
due to the adsorption of nickel on the surface sites of clay. The results show that 
shaking the mixture of different initial concentration for 40 minutes was 
sufficient to reach equilibrium. They are also show that increasing the initial 
nickel concentration decreased nickel removal percentage due to the saturation of 
clay with nickel ions. Saudi activated bentonite removal efficiency needs to be 
increased by increasing solution pH about 7 to avoid the nickel hydroxides 
precipitation region which it is start at the pH of 8 [11]. 

3.2 Effect of pH 

Solution pH is an important variable which controls the adsorption of the heavy 
metal from aqueous solution. The effect of pH on the removal of nickel ions by 
Saudi activated bentonite was investigated. The adsorption of nickel was studied  
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Figure 1: Effect of shaking time on the removal of nickel by Saudi activated 
bentonite. Initial metal concentration varies between 20 and 
100 mg/L, clay dosage: 0.5 g/ 50 mL, pH = 3.2. 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10

%
 N

i R
em

o
va

l

pH
 

Figure 2: Effect of pH on the removal of nickel by Saudi activated Bentonite. 
Initial nickel concentrations 100 mg/L, clay dosage: 0.5g/50 ml, 
contact time: 40 min. 
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in the pH range 2–9 with a constant clay amount of 0.5 g/50 ml of nickel 
solution, shaking time of 40 min and nickel concentration of 50 ppm. The results 
presented in Figure 2 show that the adsorption of nickel increases from 70 to 
100% with an increase in solution pH from 2.0 to 9.0.  
     The effect of initial pH on nickel removal may be explained as mention 
before [11], where in the acidic conditions, both adsorbent and adsorbate are 
positively charged (M2+ and H+) and therefore, the net interaction is that of 
electrostatic repulsion. In addition, the H+ ions present in higher concentration in 
the aqueous medium compete with the positively charged Ni2+ ions for the 
surface adsorbing sites, resulting in a decrease in the removal of nickel. 

3.3 Effect of clay dosage 

The effect of the amount of Saudi activated bentonite on nickel removal was 
investigated at a constant value of initial metal concentration (100 ppm), clay 
dosage (0.05–1.25 g/50 ml), contact time (40 min), pH = 7 and temperature 
(25ºC). As shown in Figure 3, the removal of nickel increased gradually from 
16% at 0.05 g/50 ml up to 94% at 1.25 g/50 ml. However, this result was 
expected since as the dose of adsorbent increases, the number of adsorbent sites 
increases. These amounts attach more ions to their surfaces [12]. Similar results 
were reported where many types of materials were used as adsorbents [13]. 
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Figure 3: Effect of clay dosage on the removal of nickel by Saudi activated 
bentonite. Initial nickel concentrations 50 mg/L, pH = 7, contact 
time: 40 minutes. 
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3.4 Adsorption isotherm 

The adsorption isotherm for nickel was studied using initial concentrations of 
metal at 100 ppm, pH = 7, temperature at 25ºC and amount of clay dosage (0.05–
1.25 g/50 ml).  The data obtained were fitted to the Langmuir [14] and 
Freundlich [15] isotherms. These models were tested to determine the maximal 
capacity of nickel removal using Saudi activated bentonite. The quality of the 
isotherm fit to the Langmuir equation, in the linear form is written as:  

 
maxmax

1

q

C

bqq

C e

e

e   (1) 

where Ce is the equilibrium concentration of metal ions (mg/l), qe is the amount 
of metal ions adsorbed per unit weight of adsorbent (mg/g bentonite), qmax is the 
maximum adsorption capacity (mg/g), and b is the adsorption equilibrium 
constant (l/mg).  
     For the Freundlich equation the linear form is written as:  

 ee C
n

Kq log
1

loglog   (2) 

where k and n are the constant characteristics of the system. 
     The best estimated values of all the equation parameters are summarized in 
Table 2.The adsorption isotherm data are well fitted with both the linearized 
Langmuir and Freundlich equations and give R2 = 0.931–0.958 as shown in 
Figures 4 and 5. The maximum adsorption of Saudi activated clay equals to 
47.62 mg/g. 

Table 2:  The Langmuir and Freundlich equation parameters predicted from 
adsorption isotherm data of nickel ions onto Saudi activated 
bentonite at pH = 7, 25ºC and initial nickel concentration of 
100 ppm.  

Isotherm parameters Value 
Langmuir  
qmax (mg/g) 47.62 
b    (l/mg) 0.03 

R2 0.931 
Freundlich  

K (mg/g) 2.825 
n 1.73 
R2 0.958 

 
     According to Tryball [16], it has been shown using mathematical calculations 
that n values of between 1 and 10 for the Freundlich isotherm indicate effective 
adsorption. 
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Figure 4: Langmuir plot for the adsorption of nickel on Saudi activated 
bentonite. 
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Figure 5: Freundlich plot for the adsorption of nickel on Saudi activated 
bentonite. 
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3.5 Adsorption kinetic 

The models of adsorption kinetics correlate the solute uptake rate. It is one of the 
important characteristics defining the efficiency of sorption. The kinetic 
parameters for the adsorption process were studied on the batch adsorption at 
room temperature, initial nickel concentration of 50 ppm, clay dosage was 0.5 g 
and the initial solution pH was kept unchanged at 3.2. The data were fitted to the 
first-order Lagergren equation [17], 
  

 t
k

qqq ete 303.2
log)(log 1  (3) 

where k1 (min−1) is the first-order rate constant, qe (mg /g)  is the amount of 
adsorbed metal ions on the Saudi bentonite at equilibrium and qt (mg /g) is the 
amount of nickel adsorbed at time t (min). The first-order constants can be 
obtained by plotting log (qe−qt) versus time. 
     The experimental adsorption kinetics data were analyzed by applying the 
pseudo-second-order kinetics model, which is expressed as: 

 t
qqkq

t

eet

11
2

2

  (4) 

where k2 (g/(mg/min)) is the pseudo-second-order kinetics constant, qe (mg /g)  is 
the amount of adsorbed metal ions on the Saudi bentonite at equilibrium and qt 
(mg /g) is the amount of nickel adsorbed at time t (min). The fit of this model 
was checked by each linear plot of (t/qt) versus t as shown in Figure 6. 
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Figure 6: Plot of second order model for nickel adsorption by Saudi activated 
bentonite. 
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     By comparing the regression coefficients for each expression a good 
agreement of the experimental data with the second order kinetic model was 
observed. The correlation coefficient for the second order kinetic model is 0.999 
and the calculated qe values agree very well with the experimental data.  Thus, a 
plot of t/qt against t should give a linear relationship with a slope of 1/qe. These 
results agree with same results reported before [18]. 

4 Conclusions  

 Saudi natural bentonite samples, which were obtained from khulays 
deposits, were grinded and sieved to grain size of -200 mesh (75m). 
These samples were activated using sulphuric acid to modify there 
adsorptive property. 

 Acid activation was conducted using the optimum operating variables 
such as, 15% by weight acid concentration, the temperature of boiling, 90 
minutes reaction time, moderate mixing and water to clay ratio of 5:1.  

 The sorption of nickel ions on Saudi activated clay was relatively fast and 
the equilibrium was reached after 40 min. The results show that shaking 
the mixture of different initial concentration for 40 minutes was sufficient 
to reach equilibrium. They are also show that increasing the initial nickel 
concentration decreased nickel removal percentage due to the saturation 
of clay with nickel ions.  

 Removal of nickel ions by Saudi activated bentonite is effected by 
mixture pH. The adsorption of nickel increases from 70 to 100% with an 
increase in solution pH from 2.0 to 9.0.  

 Nickel removal decreases with increasing nickel concentration when 
nickel concentration increases from 20 to 100 ppm.  

 The removal of nickel increases as the dose of Saudi activated bentonite 
increases. This is due to increase in the number of adsorbent sites.  

 The adsorption isotherm data were well fitted with both the linearized 
Langmuir and Freundlich. 

 A batch adsorption kinetic experiment revealed that nickel adsorption 
onto Saudi activated bentonite was well represented by the pseudo-
second-order kinetic model. It can be concluded that film diffusion and 
intraparticle diffusion are simultaneously operating in the whole 
adsorption process. 

 Saudi activated bentonite can be considered as a promising adsorbent for 
the removal of nickel from aqueous solutions. 
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