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Abstract: This paper presents the feasibility of removal of Ni (II) from aqueous solutions by using a low-cost 

BC-TiO2-SAP-NC. Batch adsorption experiments were carried out as a function of pH, contact time, initial 

concentration of the adsorbate, adsorbent dosage and temperature.  Adsorbent used in this study are 

characterized by FT-IR, XRD and SEM analysis. 
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I. Introduction 
Water is an essential natural resource since it is one of nature's most abundant and essential elements. 

Due to rising industrial, agricultural, and household activity, it is very polluted
1
. Any metallic element that has a 

relatively high density and is hazardous and toxic even at low concentrations is considered to as a heavy metal
2
. 

The existence of heavy metals in the environment is primarily induced by the weathering of rocks, which are 

natural components of the earth's crust
3
. The effluents from the production of batteries, electroplating, paint and 

pigment, printed circuit boards, coating, smelting, alloy preparation, wood preservation, plating, tanning and 

mining, petroleum refining, and other activities are some sources of heavy metals in water. Since these heavy 

metals are really not biodegradable, their existence in streams and lakes creates bioaccumulation in living 

organisms, which has a serious negative impact on the health of animals, plants, and mankind
4,5

. These heavy 

metal ions do not break down into inert by-products like organic contaminants do
6
. Even at low concentrations, 

they have a propensity to bioaccumulate in the food chain
7
. Because nickel causes bone, nasal, and lung cancer 

at high concentrations, it was chosen as an adsorbate
8,9

. Nickel salts are acknowledged to cause cancer at 

extremely high exposure levels
10

.As a result, industrial effluents containing Ni2+ ions must be treated before 

being released into receiving water bodies. Due to their increasing flow, poisonous nature, and other negative 

impacts on receiving water, the presence of heavy metals in the aquatic environment has been of major concern 

to scientists and engineers
11

. 

 There are numerous traditional techniques that have been published in the literature to remove heavy 

metals from wastewater, including oxidation, membrane filtration, coagulation, reverse osmosis, absorption, ion 

exchange, and precipitation.When the waste steam has relatively low metal concentrations (1-100 mg/l) 

dissolved in huge volumes, these procedures may be inefficient or prohibitively expensive
12

. Adsorption can be 

considered of as one ofthe most widely used techniques for removing heavy metals from wastewater because 

they are affordable, widely available, biodegradable, easy to develop, and have a high removal efficiency
13

.The 

biggest challenge for many researchers, however, is picking the right adsorbent. The market may indeed, 

however, offer a wide range of inexpensive and easily accessible adsorbents, which would include zeolite
14

, fly 

ash 
15&16

, blast furnace slag
17

,saw dust 
18,19

, orange peel
20

, neem leaf
21

, eggshell membrane
22

, soy meal hull
23

, 

rice husk
24

,cashew nutshell 
25

, clay-polymer nanocomposites
26

,starch-nanocomposite
27

and AC-MnO2-NC
28

 etc., 

Finding a trustworthy, affordable alternative adsorbent is crucial for the effective adsorption of harmful 

wastewater. Here, Ball-Clay-TiO2-Sodium alginate nano composite (BC-TiO2-SAP-NC) is used as an adsorbent. 

 

II. Materials and Methods 
Preparation of Nanocomposite adsorbent (BC-TiO2-SAP-NC): 

           3g of Ball clay was allowed to swell on a 15 ml of water-free alcohol and stirred for 2 hours at 25 ᵒ C.  In 

the same way, 3g of sodium Alginate polymer and TiO2 was dissolved separately by adding 15 ml of water-free 

alcohol and stirred for 2 hours.  The mixture of sodium alginate and TiO2 was added slowly to the solution of 

Ball clay. Lastly, alcohol 5 ml and 0.2 ml of deionized water were added slowly. Then it is further stirred for 2 
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hours. After the stirring was over the mixture was kept in a vacuum oven for 6 hours at 80ᵒC and it was labelled 

as BC-TiO2-SAP-NC. 

 

Preparation of Adsorbate: 

By dissolving 4.478g of nickel sulphate in 1000ml double distilled water, a stock solution of 

(1000mg/L) of Nickel (II) solution was created. All the chemicals used in this experiment were of analytical 

grade. To produce the solutions, double-distilled water was employed. 

 

III. Characterization of Adsorbent 
3.1. SEM Analysis: 

 It is used to find the surface morphology of the adsorbent. The SEM image of different magnifications 

of BC-TiO2-SAP-NC are shown in Figure. 1 to 5. The figure clearly indicates the porosity of the adsorbent. Due 

to its high porosity the metal species are highly cached by the adsorbent. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1 to 5. SEM images of BC-TiO2-SAP-NC at different magnifications 

 

3.2. XRD Analysis (Powder X – Ray Diffraction Analysis) 

 It is shown in Figure.6. It provides the broad peak at 20.5, and almost the absence of sharp peak 

indicates the amorphous nature of the adsorbent. 

 

 

 

 

 

 

 

 

Figure. 6. XRD image of BC-TiO2-SAP-NC 

 

3.3.IR Spectroscopy: 

It is in the following Fig: 7. The absorption bands are arised due to various stretching and bending 

vibrations of the group 
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Figure-7 IR image ofBC-TiO2-SAP-NC 

 

IV. Batch Adsorption Experiments 
Experimental methods 

In each adsorption experiment, 50 mL of metal solution with a known concentration was added to 100 

mg of BC-TiO2-SAP-NCin a 250 mL glass -stoppered flask at 30 ±̊0.5
o
C and the mixture was stirred on a 

mechanical shaker at 150 rpm min-1. The samples were withdrawn during stirring at preset time intervals and 

the adsorbent was separated from the solution by centrifugation (Research centrifuge, Remi Scientific Works, 

Mumbai) at 4500 rpm min-1 for 5 min. The absorbance of the supernatant solution was estimated to determine 

the residual metal concentration and was measured before and after treatment with double beam 

spectrophotometer (HITACHI U 2000 spectrophotometer). All experiments were carried out twice, and the 

concentrations given are average values. The initial metal concentration in the test solution and the adsorbent 

dosage were varied to investigate their effect on the adsorption kinetics. The effect of pH was observed by 

studying the adsorption of metal over the pH range from 3 to 13. The pH of the metal solution was adjusted by 

using NaOH or HCl solution and a pH meter . The sorption studies were carried out at different temperatures 

(30 ,̊ 40 ,̊ 50 ̊ and 60 ̊ C). This is used to determine the effect of temperature on the thermodynamic parameters. 

The amount of sorption at time t, qt(mg/g), was calculated using the following formula: 

                            qt = (C0 – Ct) V / W       ----------------                    (1) 

Where Ct (mg L-1) is the liquid phase concentrations of metal at any time, C0 (mg L-1) is the initial 

concentration of the Metal in solution. V is the volume of the solution (L), and W is the mass of dry adsorbent 

(g). The amount of equilibrium adsorption, qe (mg/g), was calculated using the formula. 

qe = (C0 – Ce) V / W   --------                           (2) 

 

Where, C0 and Ce (mg L-1) are the liquid-phase concentrations of metal initially and at equilibrium. The metal 

removal percentage can be calculated as follows: 

 

(%) of dye removal = [(C0 – Ce) / (C0)] X 100----------   (3) 

 

Where, C0 and Ce (mg L
-1

) are the initial and equilibrium concentrations of the metal in solution. 
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V. Results and Discussion 
5.1. Effects of agitation time and initial metal concentration 

Effects of agitation time and initial metal concentration (10, 20, 30 and 40 mg/L) on removal of Ni 

(II)are presented in Figure. 8.The percent adsorption increased as the original metal concentration increased, 

indicating that adsorption is strongly dependent on the initial metal concentration. The initial qe Count number 

of metal molecules to the accessible surface area ratio is low at lower concentrations. As a result, fractional 

adsorption is no longer dependent on the initial concentration. However, when the concentration increases, the 

number of accessible adsorption sites decreases, and the amount of metal removed is proportional to the starting 

concentration. For all concentrations, equilibrium was reached after 90 minutes. The curves are single, smooth, 

and continuous, leading to saturation, implying that the metal might cover the monolayer on the surface. 

 

 
Figure .8. Effects of agitation time and initial Ni(II) concentration by BC-TiO2-SAP-NC 

 

5.2 Effect of adsorbent Dose  

The adsorption of Nickel (II) was investigated by changing the adsorbent dose (10-40 mg/50 mL) at 

metal values of 10-40 mg/L. The percentage of adsorption increased with increasing adsorbent concentration in 

both nanocomposite and clay. This was due to an increase in the surface area of the adsorbent and the 

availability of more adsorption sites. 

 

 
Figure. 9. Effect of adsorbent dosage forNi (II) byBC-TiO2-SAP-NC 

 

5.3. Effects of Temperature 

Figure 10 shows the findings of investigations on the effect of temperature on the removal of Nickel 

(II) by nanocomposite and clay. When the temperature was raised from 303 K to 315 K, the amount of metal 

adsorbed increased, showing that the adsorption process was endothermic. This could be due to an increase in 

the rate of adsorbate molecules diffusing between the external boundary layer and internal pores of the 

adsorbent particle when the temperature rises. 
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Figure. 10. Effect of Temperature forNi (II)  byBC-TiO2-SAP-NC 

 

5.4. Effect of pH 
As the pH rises, the number of positively charged sites decreases, resulting in an increase in adsorption. 

The adsorbent surface acquires a negative charge at higher pH values, and the electrostatic attraction between 

the negatively charged adsorbent surface and the metal increases, resulting in maximal adsorption. 

 

 
Figure.11. Effect of pH forNi (II) byBC-TiO2-SAP-NC 

 

VI. Conclusion 
The present study shows that BC-TiO2-SAP-NC is an effective adsorbent for the removal of Ni (II)from 

aqueous solution. 

 SEM image revealed that the BC-TiO2-SAP-NC composite phase was in the nano range.  

 IR provides the structure of nano composite. 

 From XRD amorphous nature & nano structure of BC-TiO2-SAP-NC was confirmed. 

 Complete removal of the metal can be achieved using an appropriate dosage of the adsorbent and pH for waste 

waters. The results would be useful for the fabrication and designing of wastewater treatment plants for the 

removal of Ni (II). Since the raw material is freely available in large quantitiesand the treatment method, seems 

to be economical. 
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