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In this work, an environmentally benign approach was developed for 

the preparation of NiO–SnO2 nanocomposites employing grape 

extract as a natural reducing and stabilizing medium. The bio-

assisted synthesis route eliminates the need for hazardous chemicals 

and promotes sustainable material production. The obtained 

nanocomposites were comprehensively characterized using X-ray 

diffraction (XRD) to determine crystalline phases, field-emission 

scanning electron microscopy (FESEM) to investigate surface 

morphology, dynamic light scattering (DLS) for particle size 

distribution, and Brunauer–Emmett–Teller (BET) analysis to 

evaluate specific surface area and porosity. The adsorption 

capability of the synthesized material was examined for the removal 

of Cd2+ ions from aqueous solutions at room temperature. 

Experimental findings demonstrated that the grape-extract-derived 

nanocomposite exhibited superior adsorption efficiency compared to 

conventionally prepared counterparts. Furthermore, adsorption 

kinetics and thermodynamic parameters were evaluated to gain 

deeper insight into the interaction mechanism between cadmium 

ions and the nanocomposite surface. The results confirm the 

potential of this green-synthesized NiO–SnO2 system as an effective 

and sustainable adsorbent for heavy metal remediation in water 

treatment applications. 
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1. Introduction 
In recent years, tin (IV) oxide (SnO2) nanoparticles 

have attracted considerable scientific and 

technological interest due to their versatile 

functionality in environmental and industrial fields. 

Their applications extend to manufacturing processes, 

analytical systems, gas monitoring technologies, and 

pollution mitigation platforms. The widespread 

attention devoted to SnO2 is primarily associated with 

its remarkable physicochemical attributes, which have 

established it as one of the most intensively studied 

metal oxides. This material exhibits high chemical 

stability, appreciable electrical conductivity, and 

effective catalytic activity. Moreover, the presence of 

a wide band gap provides advantageous optical and 

electronic properties, supporting its integration into 

gas sensors, transparent conducting coatings, and 

related optoelectronic devices [1–8]. 

The performance of SnO2 can be strategically 

modified through compositional engineering, 

particularly by coupling it with other metal oxides to 

form composite or heterostructured architectures. 

Such structural integration frequently produces 

cooperative or synergistic interactions that enhance 

overall functionality beyond that of the individual 

constituents. For example, SnO/SnO2 composite thin 

films have shown markedly improved responsiveness 

toward dichloromethane compared with single-

component SnO or SnO2 layers [9]. Al2O3–SnO2 

nanocomposites have demonstrated elevated 

photocatalytic efficiency in the degradation of methyl 

orange [10]. Likewise, SnO2/α-Fe2O3 

heteronanostructures have exhibited superior sensing 

characteristics for dimethyl disulfide when compared 

with hollow SnO2 materials [11]. Composite systems 

based on SnO2–TiO2 have also revealed enhanced 

hydrogen detection capability [12]. In addition, 

ZnO/SnO2 nanocomposites possess broader band gap 

energies relative to their individual oxide phases, 

enabling applications in photocatalysis, 

optoelectronics, gas sensing, and solar energy 

conversion [13]. Similarly, NiO–SnO2 heterojunction 

configurations have been reported to significantly 

improve nitrogen dioxide sensing performance at 

ambient conditions [14]. 

Although conventional synthetic methodologies are 

effective in producing SnO2-based nanomaterials, 

they often involve hazardous precursors, elevated 

temperatures, and environmentally detrimental 

byproducts. These limitations have prompted growing 

interest in sustainable fabrication techniques. Green 

and biologically mediated synthesis approaches have 

therefore emerged as promising alternatives, offering 

environmentally responsible and economically viable 

pathways for nanoparticle production. Plant-derived 

extracts, in particular, serve as natural reducing and 

capping agents, facilitating nanoparticle formation 

while minimizing the use of toxic chemicals and 

reducing residual contamination [15–20]. 

To date, environmentally friendly synthesis strategies 

for NiO–SnO2 nanocomposites have received limited 

attention, underscoring the importance of developing 

controllable and sustainable preparation routes for 

such systems. In this work, an eco-conscious synthesis 

method employing grape extract as a natural reaction 

medium is introduced for the fabrication of NiO–SnO2 

nanocomposites. Additionally, the catalytic efficiency 

of the obtained material is evaluated for cadmium ion 

removal from contaminated aqueous media, with the 

objective of demonstrating its applicability in 

wastewater treatment and environmental remediation. 

2. Experimental 
All chemicals were obtained from Merck and Aldrich 

and applied as received, without additional 

purification steps. Reported yields correspond to the 

isolated materials following purification. Powder X-

ray diffraction (XRD) measurements were carried out 

on a D8 Advance Bruker AXS diffractometer 

employing Cu-Kα radiation. The morphology of the 

prepared samples was investigated using a Hitachi S-

4160 field emission scanning electron microscope 

(FESEM). Particle size distribution and surface 

characteristics were evaluated by dynamic light 

scattering (DLS) using a Nano ZS (ZEN 3600, red 

badge) instrument and specific surface area analysis 

was conducted via the Brunauer–Emmett–Teller 

(BET) method using a Belsorp Mini II analyzer. 

2.1. Synthesis of NiO–SnO2 Nanocomposite 
Nickel chloride (20 mmol) and tin(II) chloride (20 

mmol) were dissolved in 100 mL of ethanol 

containing 30 mL of grape extract in a 250 mL beaker 

to form solution A. In a separate container, 30 mL of 

aqueous ammonia was mixed with 50 mL of distilled 

water and supplemented with 10 mL of grape extract 

to prepare solution B. Solution B was introduced 

gradually into solution A under continuous and 

vigorous magnetic stirring. After complete addition, 

the suspension was further stirred for 1 h to ensure 

homogeneity and complete precipitation. The 

obtained solid was separated by filtration, rinsed 

several times with distilled water to remove residual 

impurities, and dried in an oven. The dried precursor 

was subsequently calcined at 500 °C for 3h to obtain 

the final NiO–SnO2 nanocomposite. 

2.2. Adsorption Studies 
Cadmium sulfate octahydrate (CdSO4.8H2O) served 

as the cadmium source. Stock and working solutions 

were prepared by dissolving appropriate quantities of 

CdSO4.8H2O in distilled water. Adsorption 

performance was evaluated using a batch equilibrium 
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approach under ambient laboratory conditions. Four 

initial Cd²⁺ concentrations (20, 40, 60, and 80 mg/L) 

with natural pH values in the range of approximately 

5.1–5.8 were prepared. The solution pH was adjusted 

between 3 and 8 by adding dilute HCl or NaOH 

solutions as required. 

The NiO–SnO2 adsorbent was introduced into the 

cadmium solutions and the suspensions were 

magnetically stirred at room temperature for 100 min. 

At 20 min intervals, aliquots were withdrawn and 

analyzed for residual Cd2+ concentration using 

atomic absorption spectroscopy (Varian Spectra A 

250 Plus). Additional experiments were conducted to 

investigate the effect of adsorbent dosage (0.025, 

0.05, 0.1, and 0.2 g), while maintaining a constant 

initial Cd2+ concentration. 

The removal efficiency (R), equilibrium adsorption 

capacity (qe), and adsorption capacity at time t (qt) 

were calculated according to the following equations: 

 

 
Where C0 (mg/L) represents the initial Cd2+ 

concentration, Ct (mg/L) is the concentration at time 

t (min), Ce (mg/L) denotes the equilibrium 

concentration, V (L) is the solution volume, and m 

(g) corresponds to the mass of the adsorbent. 

3. Results and discussion 

3.1. Catalyst Characterization 
Initially, pure NiO–SnO2 nanocrystals were 

synthesized via precipitation from aqueous solutions 

of NiCl2 and SnCl2. Subsequently, a series of NiO–

SnO2 nanocomposites with varying Ni:Sn molar 

ratios were prepared through a green co-precipitation 

approach using grape extract as a bio-reducing and 

stabilizing medium, thereby avoiding hazardous 

solvents and chemical additives. 

 

 
Fig. 1. XRD patterns of NiO-SnO2 (A, without use of grape extract), NiO-SnO2 (B, 50/50% Ni/Sn ratio of starting 

materiales ), NiO-SnO2 (C, 25/75% Ni/Sn ratio of starting materiales), NiO-SnO2 (D, 10/90% Ni/Sn ratio of starting 

materiales 
 

 
Fig. 2. Changes on the peak position of NiO-SnO2 (A, 50/50% Ni/Sn ratio), NiO-SnO2 (B, 25/75% Ni/Sn ratio), NiO-

SnO2 (C, 10/90% Ni/Sn ratio), and NiO-SnO2 (D, without use of grape extract),  
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The X-ray diffraction (XRD) patterns of the samples 

calcined at 500°C are presented in Figure 1. The 

diffraction peaks confirm the coexistence of 

tetragonal SnO2 (JCPDS card No. 01-072-1147, 

space group P42/mnm), with characteristic 

reflections at 2θ values of 26.6°, 33.9°, 37.9°, 51.8°, 

54.8°, 57.8°, 61.9°, 64.8°, 66.0°, and 78.7°, together 

with rhombohedral NiO (JCPDS card No. 00-044-

1159, space group R-3m), exhibiting prominent 

peaks at 37.2°, 43.3°, 62.8°, 75.4°, and 79.4°. 

Variations in peak intensity and slight shifts in peak 

position were observed for nanocomposites with 

different Ni:Sn ratios (Figure 2), reflecting changes 

in composition and possible lattice interactions. 

Notably, the sample synthesized without grape 

extract displayed weaker diffraction intensities, 

suggesting lower crystallinity compared to the bio-

assisted samples. 

Surface morphology was investigated by FE-SEM 

(Figure 3). The micrographs reveal that all materials 

consist of aggregated nanoscale particles with 

partially amorphous features. In the presence of grape 

extract, the particles appear more interconnected, 

likely due to gas evolution during thermal 

decomposition of organic constituents, which 

promotes particle adhesion and network formation. 

In contrast, the sample prepared without extract 

exhibits less structural integration. Furthermore, 

decreasing the nickel content leads to reduced 

particle agglomeration and improved uniformity in 

morphology. 

 

 
Fig. 3. FE-SEM images of NiO-SnO2 (A, 50/50% Ni/Sn ratio), NiO-SnO2 (B, 25/75% Ni/Sn ratio), NiO-SnO2 (C, 

10/90% Ni/Sn ratio), and NiO-SnO2 (D, without use of grape extract)  

 

Particle size distribution was evaluated using DLS 

analysis. Prior to measurement, each sample was 

dispersed in ethanol (1 g in 25 mL) and ultrasonicated 

for 30 min to ensure proper dispersion. The average 

hydrodynamic diameters were approximately 85 nm 

(Sample A), 71 nm (Sample B), 60 nm (Sample C), 

and 54 nm (Sample D). These findings indicate that 

the use of grape extract contributes to a narrower and 

more uniform particle size distribution. Additionally, 

a decrease in Ni content corresponds to a reduction in 

mean particle size. 
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Fig. 4. N2 adsorption- desorption isotherms of NiO-SnO2 (1, 50/50% Ni/Sn ratio), NiO-SnO2 (2, 25/75% Ni/Sn ratio), 

NiO-SnO2 (3, 10/90% Ni/Sn ratio), and NiO-SnO2 (4, without use of grape extract) 

 

Nitrogen adsorption–desorption isotherms of the four 

NiO–SnO2 nanocomposites are illustrated in Figure 

4. According to IUPAC classification, all samples 

exhibit type IV isotherms accompanied by H3 

hysteresis loops, characteristic of mesoporous 

materials. Among the investigated compositions, the 

nanocomposite with an equimolar Ni:Sn ratio 

demonstrates the highest N2 adsorption capacity. 

Conversely, the sample synthesized without grape 

extract (Sample 4) shows the lowest adsorption 

performance. Textural parameters, including specific 

surface area and pore size distribution, were 

determined using BET and BJH methods, and the 

results are summarized in Table 1. The data reveal a 

gradual decline in surface area and pore volume as 

the NiO content decreases from 50% to 10%, 

highlighting the influence of composition on the 

structural properties of the nanocomposites. 
 

Table 1. Specific surface area, pore diameter, and pore volume values of NiO-SnO2 nano-composites 

 

 

 

 

 

 
Fig. 5. Adsorption of Cd: effect of pH (time: 90min; NiO-SnO2: 0.05g; Cd: 40ppm; r.t.) 

Sample Specific surface area (m2/g) Pore diameter (nm) 

BET BJH BJH 

1, 50% Ni 56.98 57.58 7.06 

2, 25% Ni 54.42 55.06 5.45 

3, 10% Ni 52.97 53.89 4.89 

4, without use of grape 

extract 

48.11 49.28 3.15 
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Fig. 6. Adsorption of Cd: effect of contact time (pH: 6.5; NiO-SnO2: 0.05g; Cd: 40ppm; r.t.) 

 

3.2. Removal of Cd ions 
The effect of pH on cadmium adsorption efficiency 

is shown in Figure 6. As it is shown, the best 

absorption efficiency occurs in week acidic media pH 

= 6.5. As the pH changed from 3 to 8, the amount of 

cadmium adsorption increased from 0 to 100%. In 

general, in the adsorption process, the pH of aqueous 

solution is a very important control parameter 

because it determines the type of metal ion species 

and the charge level of the adsorbent. This will affect 

the reaction between adsorbent and absorbent 

material. The effect of pH on the adsorption capacity 

is related to the chemical state of heavy metal in a 

solution at different amounts of pH, which can be 

pure ionic form (Cd2+) at acidic media or form 

hydroxyl-metal (CdOH+) in week basic condition. 

Next the effect of contact time on the adsorption 

capacity was investigated. The results revealed that 

the adsorption increased rapidly at first 60 min of 

starting due to high concentration of cadmium ions in 

the solution. After that, the filling of active sites of 

nano-composite and low Cd concentration causes the 

slowly proceeding of adsorption and follows a 

relatively linear trend (Figure 6).  

Comparatively, nano-composite constitute of an 

equal ratio of Ni and Sn shows better results than 

those of lower percentage of Ni (Figure 7). In addion 

nano-comoosites have higher adsorption capacity 

than NiO and SnO2 oxides. Nano-composite prepared 

without use of grape extract shows lower adsorption 

capacity than those that prepared in a grape extract 

media.  

 

 
Fig. 7. Adsorption of Cd on the surface of NiO-SnO2 (1, 10/90% Ni/Sn ratio), NiO-SnO2 (2, 25/75% Ni/Sn ratio), NiO-

SnO2 (3, 50/50% Ni/Sn ratio), NiO (4), SnO2 (5), and NiO-SnO2 (6, without use of grape extract), (time: 90min; cat.: 

0.05g; pH: 6.5; Cd: 40ppm; r.t.) 
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Fig. 8. Adsorption of Cd: effect of catalyst dosage (time: 90min; pH: 6.5; Cd: 40ppm; r.t.) 

 

 
Fig. 9. Adsorption of Cd: effect of initial Cd concentration (time: 90min; cat.: 0.05g; pH: 6.5; r.t.) 

 

Figures 8,9 show the effect of catalyst dosages and 

the initial concentration of cadmium on the 

absorption values. It is known that at high Cd 

concentrations (higher than 40 ppm) the absorption 

efficiency decreases because of filling of composite 

active sites. On the other hand, the Cd removal 

increases up to 0.05 g of the nano-composite dosage 

and consequently decreased due to agglomeration of 

composite species and reducing of active sites. 

3.3. Adsorption kinetics modeling 
Generally, absorption depends on the various factors 

arises from physical and chemical properties of the 

both adsorbent and absorbent. Thus, absorption 

kinetics investigation is important for the 

determination of the adsorption mechanism. In this 

study, kinetic behavior and cadmium adsorption 

mechanism by nano-adsorbent were studied using 

four kinetic models. Correlation coefficient was used 

for matching laboratory data with predicted data by 

kinetic models. Four models including the pseudo-

first order, pseudo-second order, Elovich equation, 

and intra-particle diffusion were evaluated. The 

equations and extracted data are shown in Table 2. 

All constant parameters were extracted from fitted 

linear plots of equations: log(qe-qt) vs t, t/qt vs t, qt vs 

lnt, and qt vs t0.5. The higher correlation coefficient 

(R2) value of Elovich plot (qt vs lnt) indicates that the 

adsorption mechanism of Cd is chemisorption [21-

23]. The qe calculated values from pseudo-first order 

and pseudo-second order equations are different from 

their experimental data.
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Table 2. Parameters and correlation coefficient (R2) of kinetic models 

Model Linear and nonlinear equations Parameters 

pseudo-first-

order 

           

k= 0.048 R2= 0.9506; qe= 11.65 

pseudo-second-

order 

                      

k = 0.0025 

R2= 0.7918; qe= 10.89 

Elovich equation 

 

β =0.3242; α = 0.4661 

R2=0.9857 

Intra-particle 

diffusion   
c = -0.5854; ki = 0.9309 

R2= 0.9727 

k is the rate constant (min-1), t is the contact time (min), β, α are Elovich constants; ki (mg g-1 min-1/2) is the intra-

particle diffusion rate constant and c (mg g-1) is a constant proportional to the thickness of the boundary layer 

[21-23]. 

 

 
Fig. 10. Nonlinear adsorption rate curves (qt vs t) (Cd concentration: 40 ppm; cat.: 0.05g; pH: 6.5; r.t.) 

 

The nonlinear plots of adsorption kinetic are shown 

in Figure 10. The plot related to Elovich equation is 

more fitted with the plot of experimental data. 

3.4. Thermodynamic study 
The thermodynamic behavior of Cd adsorption was 

investigated by the calculation of thermodynamic 

parameters using the following equations [24]: 

 
Figure 11 shows the adsorption efficiency of NiO-

SnO2 nano-composite at different temperatures (28-

78°C). As can be seen from Figure 11, increasing 

temperature has an advers effect on the adsorption 

capecity as the adsorption persent is decreasing with 

heat increasing. The linear polts of lnKc vs 1/T and 

above equations (Figure 12) were used for the 

calculation of thermodynamic parameters. The 

results are sumarized in Table 3. The values of ΔS° 

and ΔH° are negative while ΔG° is positive. The 

exothermic nature of Cd adsorption as confirmed by 

negative amount of ΔH° causes is reduces the 

absorption rate by increasing the temperature. The 

non-spontaneous in nature of Cd adsorption is shown 

by positive values of ΔG°. While the randomness of 

the Cd adsorption demonstrated by the negative 

values of ΔS° [24]. 
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Table 3. Thermodynamic parameters of Cd adsorption 

ΔS° (j/mol) ΔH° (Kj/mol) T(K) Kc ΔG° (Kj/mol) 

-151.3148 -6.25 301 9.8 + 39.25 

 321 3.8 +42.32 

331 1.8 +43.83 

341 1.05 +45.35 

351 0.47 +46.86 

361 0.36 +48.37 

 

 
Fig. 11. Adsorption of Cd: effect of temperature (time: 90min; cat.: 0.05g; Cd concentration: 40 ppm; pH: 6.5; r.t.) 

 

 
Fig. 12. linear plot of lnKc vs 1/T 

 

4. Conclusions 
In summary, NiO – SnO2 nano-composites were 

successfully prepared via co-precipitation reaction of 

NiCl2 and SnCl2 in a grape extract media and 

characterized by XRD, FE-SEM, DLS, and BET 

techniques. The capacity of the nano-composites for 

the removal of cadmium ions fom aqouas media was 

investigated. In comparision nanocomposited that 

prepared in grape extract media show higher surface 

area and removal capacity for Cd ions. 
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