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ABSTRACT:  

The removal of heavy metal ions from wastewaters, using efficient adsorbing nanoparticles, has 

been always an interesting area of research towards remediation of environmental pollutants. In this 

regard, toxic metal like cadmium (Cd) was preferred to be removed from selected wastewater 

samples using Nickel tungstate (NiWO4) nanoparticles (NPs), acting as adsorbents. The NPs were 

synthesized using a facile sol-gel method and the calcinated sample was characterized using XRD, 

SEM-EDS and FTIR techniques. These results have displayed the formation of the NPs in 

wolframite structure. Using atomic absorption spectrophotometer (AAS), the adsorption capacity of 

the NPs was estimated using various supporting experimental factors like effect of NPs weight (20 

mg L-1), contact time (30 min), pH (5.0) and concentration of the metal ion solution (7 ppm). 

Further, Freundlich adsorption isotherm was applied on the results and it was noted that the rate of 

adsorption was in accordance with the empirical relation. The developed methodology has followed 

the Pseudo-first kinetics, indicating the efficacy of the method. All the results were compared with 

few standard scientific reports and it was observed that NPs were effective in removing the Cd(II) 

ions. 

 

 

1. Introduction 

Over the decades, natural water sources were being 

exploited with the discards of various heavy metal ions 

[1-2]. Along their widespread to water resources, their 

toxic nature has also affected the aquatic ecosystem 

through the food chain [3-5]. Metals contributing for 

this large scale environmental damage majorly, Pb (II), 

Cr (VI), Cu (II), Cd (II), Hg (II) etc [5]. Among these 

toxic metals, United states Environmental Protection 

Agency (USEPA), has declared the hazardous effects 

of Cd (II) disposals [6]. Excess levels of the metal ion 

concentration, beyond its threshold limit value (TLV, 

0.005mg.dm-3), can cause carcinogenic conditions in 

human beings [6]. Higher levels of exposure (>TLV, up 

to 1.0 mg.dm-3), could also to death conditions [7]. 

When it enters the body, it can be transported through 

various modes and is accumulated in the kidneys [8], 

liver, and gut [9]. Exposure to the metal ions also 

causes renal and hepatic dysfunction, pulmonary 

edema, testicular damage, osteomalacia, and harm to 

the adrenals and hemopoietic system [10]. Along with 

its cytotoxic effects, the metal ion was also proven 

human carcinogen (International Agency for Research 

on Cancer classification, Group I) [11]. Occupational or 

environmental cadmium exposure has been reported to 

cause various forms of cancers in humans [12]. It has 

also been established that the metal ion can decrease 

the cellular viability and could inject neurodegenerative 

diseases, Alzheimer’s and Parkinson’s diseases [13, 

14]. 

On the other side, the metal ion is acting an important 

constituent of several engineering materials and 
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electronic devices [15]. It is acting as a corrosive agent, 

stabilize in PVC products and as one of the electrode in 

Ni-Cd batteries [16]. Contaminated soils are the richest 

source of cadmium [17]. In many areas, the soil is 

mainly contaminated due to volcanic eruptions and 

hence, it causes soil erosion, abrasion of rocks etc. [17]. 

Various adsorbents were used in the elimination of 

these hazardous metal ions from the wastewaters [18], 

and one such material, whose adsorption capacity has 

been not investigated so far, are the tungsten oxides 

(AWO4, A=M+2; M=alkaline earth metal or transition 

metal ion). These AWO4 type divalent transition metal 

compounds have been reported to be useful for 

humidity sensors [19], photocatalysts [20], 

photochromic [21] and as photoanodes [22]. They are 

capable of withstanding low pH environments and high 

temperatures, making them excellent choices for 

robust, nanostructured, inorganic frameworks. 

In this regard, it was planned to synthesize Nickel 

tungstate (NiWO4) NPs and their role as adsorbents 

was investigated towards the removal of Cd(II) ions 

from the aqueous solutions. The supporting 

experimental factors were determined, along with the 

studies of adsorption isotherm and kinetic profiles. 

 

2. Experimental 

Material and Methods 

Nickel (II) Chloride (NiCl2•6H2O), Sodium tungstate 

(NaWO4), glacial acetic acid were procured from 

Sigma Aldrich (99 % pure) for the synthesis of Nickel 

tungstate NPs. Cadmium (II) chloride (CdCl2•2H2O) 

procured from Merck (98% pure, India) and the same 

was used as the metal ion solution for the adsorption 

studies. All the chemicals were used without further 

purification and the experimental solutions were 

prepared using double distilled water. 

Synthesis of Nickel tungstate NPs 

The NPs were prepared using solid-state metathesis, 

followed by ball milling methods. Ni(II) Chloride and 

sodium tungstate, NaWO4 were added to each other in 

1:1 mole ratio and the mixture was taken in an agate 

mortar. Then the mixture was grinded to about 4- 5 

hours in the presence of 1 mL of ethanol solvent. In the 

due course of grinding, the color of the mixture was 

observed to change into the characteristic color of 

Ni(II) ions. After collecting the finally obtained paste, 

it was then dried under hot plate neat 70-80oC and then 

the solid powder was calcinated near 500oC for about 2 

hours. The pure solid powder was washed several times 

with distilled water, in order to separate the by-product, 

sodium chloride. The residue was dried near 70oC and 

the finally obtained Nickel tungstate powder was 

characterized. 

Characterization 

The synthesized nickel tungstate NPs were 

characterized using X-ray diffractometer in the range 

of 2θ = 5–10o by step scanning on the Rigaku D/MAX-

2500 diffractometer (Rigaku Co., Japan) with Cu-Kα 

radiation (k = 0.15406 nm) operated at 40 kV and 

100mA. SEM images of the samples were taken using a 

Philips XL 30 SEM scanning electron microscope 

(FEI-Philips Company, Hillsboro). Fourier Transform 

Infra Red spectral (FT- IR) data was recorded from 

BRUKER ALPHA FT-IR with Opus 6.1 version using 

KBr pellets at 400-4500 cm-1 region. Atomic 

absorption spectrophotometer (AAS) (iCE FIOS, 

Thermo Fischer Scientific, Focal length: 250 mm, 

Diffraction grating: 1800 lines/mm, bandwidth variable 

from 0.1 to 2.0 mm) was used to record the 

concentration of the metal ion in its aqueous solution, 

before and after contact with the NiWO4 NPs. 

 

3. Results and Discussion 

a. XRD spectra 

The diffraction peaks at 2θ = 15.61°, 19.27°, 23.9°, 

24.9°, 30.9°, 36.57° and 54.62° related to d010, d100, 

d011, d110, d111, d002 and d202 diffraction planes 

respectively were assigned in XRD patterns with 

Nickel tungstate NPs as shown in figure 1 (JCPDS No. 

15–0755). 
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Figure.1. XRD spectra of nickel(II) tungstate NPs 

b. SEM-EDS analysis- 

The SEM image of the NPs was shown in figure2(a). It 

shows that the morphology of NiWO4 and obviously 

reveals that the micro structured NPs have a rough 

surface, with various irregular particles anchored on its 

surface. Further, the EDS spectrum (figure 2b) and 

elemental composition demonstrates the presence of Ni, 

W, O and C which confirms the proper formation of 

NiWO4.

 
Figure 2(a) SEM image of NiWO4 NPs 

 

Figure.2(b). EDS spectra of NiWO4 NPs 
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c. FTIR spectra 

Tungstates (ABO4), generally exhibits the characteristic 

stretching absorption bands in the region 900–400 cm-1 

[22]. The low frequency band was assigned to the 

deformation mode of WO4 tetrahedral. It is clear that 

the weak absorption bands with the maxima at 873– 

870 cm-1 can be assigned to the stretching mode of W–

O bonds in joints with WO4 tetrahedral. However, the 

broad absorption bands with their maxima located 

around at 693– 688 cm-1 could be attributed to 

stretching and bending vibrations of W–O bonds in 

WO4 which is shown in figure 3. 

The absorption bands occurring at less than 600 cm-1 

(525 cm-1) was assigned to the deformation modes of 

W–O bonds in WO4 tetrahedral or the deformation 

modes of W–O bonds in WO4 tetrahedral or the 

deformation modes of W–O–W bridges [23]. 

 

Figure.3. FTIR spectra of NiWO4 NPs 

d. Analysis of heavy metal ions elimination 

from waste waters 

The sample solutions for the experimental study were 

prepared by using 0.1 N solutions of the salt solution. 

The concentration of the Cd(II) ion was measured using 

AAS and the % removal of the metal was calculated 

using equation 1 [24]. 

% Removal of metal ion=
A−B

x 100…[1] 

A 

Where, A and B are the concentrations of the metal ion, 

before and after treatment with the NPs under 

established conditions. Each experimental solution (50 

mL) was taken in 250mL beaker and a known weight 

of NPs (mg) was added to it. The mixture was kept 

under magnetic stirring for a fixed time (min) and the 

resultant suspension was centrifuged (5000 rpm), 

filtered and the obtained supernatant liquid was 

analyzed with AAS, to find out the % removal of the 

respective metal ion in its solution. 

i.Effect of weigh to NPs 

The composition of the NPs (adsorbent) is an important 

factor to be considered, in determining its catalytic role 

[25]. The composition of the NPs (mg) towards the 

removal of the metal ion, was studied by varying the 

weight the NPs from 5 mg to 30 mg L-1. It was noticed 

that the removal of the metal has increased with 

increase in the catalyst weight (mg) from 5 to 20 mg L-1 

of the solution (figure 4). However, at higher weights 

of the catalyst, from 20 mg L-1, the removal efficiency 

has decreased. At higher catalyst weights, the particles 

could agglomerate and, causes less catalytic activity 

[25]. This leads to decreased adsorption of the metal 

ions on the surface of the NiWO4 NPs. 
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Figure.4. Effect of NPs weight 

ii.Effect of concentration of the metal ion aqueous 

solution 

Rate of adsorption is affected by the concentration of 

the adsorbate solution, and hence the studies were 

performed by varying the concentration of the 

adsorbate solution from 1 to 10 ppm with a fixed 

weight of adsorbent (20 mg). As seen from figure 5, the 

rate of adsorption has increased up to 7 ppm of the 

metal ion concentration. However, this tendency has 

declined from thereafter, showing a less removal 

efficiency until 10 ppm. Hence, it was noticed that the 

% removal of Cd(II) ions on the surface of the NiWO4 

NPs was effective near 7 ppm concentration of the 

metal ion. 

 

 
 Figure.5. Effect of Cd(II) solution concentration 

iii.Effect of contact time 

In this experimentation, the effect of contact time was 

determined by maintained the above optimal 

conditions. The time of contact was studied by fixing 

the time intervals in the range of 10 to 50 min with a 

difference of 10 min at each trial. As displayed in 

figure 6, with increase in contact time of the metal ion 

solutions with the NPs, the % removal of the metal ions 

has increased upto30 min of contact time. However, 

after 30min, the removal tendency has decreased with 

the NPs. Hence, the results revealed that the effective 

removal of the metal ions was observed at 30 min of 

contact time with the synthesized NiWO4NPs. 
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Figure.6. Effect of contact time 

 

iv.Effect of pH 

The pH of a solution, is an important aspect to be 

considered in the process of catalysis [26]. Therefore, 

the adsorption of Cd(II) ions on the surface of the 

tungstate NPs was studied by varying the pH of the 

solution from 2.0 to 7.0. A known weight of the 

adsorbent (10 mg L-1) was dispersed in the Cd(II) 

solution (10 ppm) and the adsorption studies were 

conducted. It was observed that the rate of removal of 

the adsorbate, hasincreased from pH 2.0 to 5.0, and 

then it shown a steady decline up to pH 7.0. Hence, the 

% removal of the ion was maximum at around pH 5.0 

(figure 7). 

 

Figure.7. pH effect on the Cd(II)solution 

v.Adsorption isotherm 

An adsorption isotherm was applied by establishing a 

graphical relation between the amount of the adsorbate 

getting adsorbed on the surface of the adsorbent against 

the equilibrium concentration of the adsorbate at a 

given temperature [27]. In the present work, Freundlich 

model was adopted to authenticate the results of the 

rate of adsorption of Cd(II)on the surface of the NiWO4 

NPs [28, 29.The model can describe the exponential 

distribution of active centers on the catalyst surfaces 

[30]. It describes the multilayer adsorption 

phenomenon and equation 2 shows its linear expression 

[31]. 

                      lnqe =        lnCe+lnKF....[2] n  
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Where ln qe and ln Ce denotes the equilibrium 

adsorption capacity of the adsorbent (mg g-1) and the 

equilibrium concentration of the adsorbate (mg L-1) 

respectively. The adsorption capacity of the NPs was 

observed from the ln KF (Freundlich constant), and 

(1/n) represents the slope indicating the surface 

heterogeneity. A linear plot was observed in the present 

studies (figure 8), which was observed to obey the 

equation 2. A better adsorption capacity was found to 

be observed with the NPs (ln qe = 175 mg/g), and with 

these results it was confirmed that the NiWO4 NPs can 

act as catalytic nano-adsorbents removing toxic heavy 

metals like Cd(II) ion. 

 
Figure.8. Linear plot of Freundlich adsorption isotherm 

vi.Adsorption kinetics 

In the phenomenon of adsorption, the study of kinetics 

plays an important role in understanding the rate of 

adsorption of the adsorbates on the surface of the 

adsorbent [32]. For liquid-solid phase based adsorption 

systems, pseudo-first order kinetic model can be 

applied, to describe the adsorption phenomenon [33]. 

According to this model, the equation 3 describes its 

kinetic expression [34]. 

dqe
=K(q 

dt 

The integral form is expressed as equation 4.:–qt) … [3] 

log(qe−qt) =logqe
−  

kt2.303… [4] 

Where, qe and qt represents the equilibrium adsorption 

capacity of the adsorbent (mg/g), and the adsorption 

capacity (mg g-1) in a time t (min) respectively. The 

rate constant of the pseudo first-order adsorption model 

was denoted by k (min-1). By applying the pseudo first 

order kinetics on the established results, it was found 

that the rate constant (k) was obtained as 2.3 x 10-2 min-

1, with linearity. 

It was observed that the NiWO4 NPs were effective in 

removal of the Cd(II) ions and the results were obtained 

on par with few reported adsorbents, as shown in 

Table1. Kumar et al., have performed the adsorption 

studies with Mesoporous ZnO nano-rods for the 

removal of Cd(II) ions [35]. It was found that the 

adsorption capacity of these adsorbents was nominal. 

Nano titania particles were used as the adsorbents by 

Lianget. al, and observed that the adsorption capacity 

was nearly 8 mg/g [36]. Except with Fe3O4-ZnO NPs, 

developed by Singh et al., [37], whose % removal 

tendency was very less, remaining adsorbents shown in 

the Table 1 [38-41] have shown maximum removal 

efficiency. The % removal of Cd(II) ions by the NiWO4 

NPs was observed to 95 %, indicating the capability of 

the NPs in removing the toxic metals from aqueous 

solutions and wastewaters as well. 

 

Table1. Comparison of adsorption capacity of NiWO4 NPs with some adsorbents for the removal of Cd(II) 

Adsorbent Results Reference 

Mesoporous ZnO nano-rods Adsorption capacity= 

147.25 mg. g−1 
[35] 

e 
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4. Conclusion 

The elimination of Cd(II) ions from aqueous solutions 

was conducted in the presence of NiWO4 NPs. The 

process was found to be effective at pH near 5.0, with 

20 mg of the NPs weight. At 30 min of contact time 

and 7 ppm concentration of the Cd(II) solution, the rate 

of adsorption was found to effective in the removing 

the Cd(II) ions from the solution (95% removed). The 

results have obeyed the Freundlich adsorption isotherm 

and pseudo-first order kinetics, perfectly. Hence, it was 

concluded the NiWO4 NPs were efficient adsorbents in 

the removal of toxic metal ions from wastewaters. 
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