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Abstract: Environmental challenges 

associated with the management of non-

biodegradable solid waste are best overcome 

by three cardinal waste management protocols, 

which are re-use, recover and recycle. The 

conversion of oyster shells to calcium oxide 

nanoparticles using the sol-gel method is 

reported in this work. The nanoparticles 

showed a crystal nature with average 

crystalline sizes of 16.85 and 2.705 nm based 

on the Scherrer and Williamson Hall equations 

respectively. The synthesized calcium oxide 

nanoparticles were characterized with XRD 

and employed in the removal of cadmium ions 

from aqueous solution through adsorption. 

Adsorption efficiency approaching 100% was 

observed at [Cd2+] at 4 pm, alkaline pH and 

contact period of 70 min.  The adsorption of the 

dye was spontaneous and accepted the 

mechanical of physical adsorption. The study 

confirmed that calcium oxide nanoparticles 

can completely remove cadmium ions from the 

solution.  
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1.0 Introduction 
 

Nanoparticles are known for their outstanding 

properties, which have aided various 

applications of these unique materials in 

different sectors including agriculture, 

environment, electronics, fire fighting, 

materials, etc (Eddy et al., 2024a-b; Gultekin et 

al., 2024; Larranaga-Tapia et al., 2024).  The 

market growth rate for nanoparticles is 

currently outscoring other forms of materials 

and there are some indications that if the 

current trend is not checked, there could be a 

future challenge in other sectors. One of the 

major challenges that can be significantly 

detrimental could be the diversion of other 

materials for the production of nanoparticles. 

Fortunately, there is currently growing 

exploitation of waste materials in the synthesis 

of nanoparticles such as plant waste, animal 

shells, animal wastes, industrial wastes, etc 

Essien et al., 2023; Ekwumemgbo et al., 2023; 

Odiongenyi, 2022; Odiongenyi and Afangide, 

2019). Solid wastes generated by agricultural, 

industrial, domestic and natural activities may 

have toxic impacts on the disposal 

environment. However, if these wastes can be 

recycled, and reused or resources can be 

recovered from them, then a cleaner 

environment can be secured to a good extent.   

One of the major sectors in which nanoparticles 

have played significant roles is the 

environmental sector. For example, 

nanoparticles can be used for adsorption 

removal of contaminants from the atmosphere, 

soil and water through adsorption or 

photocatalyzed degradation. Their large 

surface area, high porosity, high crystallinity, 

high ratio of surface area to volume, high 

thermal stability, resistance to chemical 

attacks, low band gap and high electrical and 

mechanical properties (Melhi, 2023). 

Cadmium is one of the most toxic heavy metals 
that have received environmental attention 
concerning methods for the treatment of 
cadmium-contaminated environments.  
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Several advantages have been reported on the 
adsorption removal of cadmium from aqueous 
solution using nanoparticles compared to 
other materials (Madawala et al. 2023; Zhou 

et al., 2022). Given the high toxicity of 

cadmium, the need to withdraw them from 

the environment, and the advantages that 

can be gained in recovering resources from 

oyster wastes for the remediation of Cd2+, 

the current study is aimed at synthesizing 

calcium oxide nanoparticles (CaONPs) from 

oyster wastes and to apply them for the 

remediation of Cd2+ contaminated water.  
 

2.0 Materials and Methods 
 

Oyster shells were taken from a dumpsite in 

Oron. They were washed dried and crushed 

to powder. The ground sample was used as 

a precursor for the production of CaONPs as 

described by Eddy et al. (2023a-b). The 

produced CaONPs were also employed for 

bath adsorption removal of different 

concentrations of Cd2+ (1, 2,3 and 4 ppm) 

under varying conditions such as time and 

pH. The concentration of Cd2+ removed at 

any instant was determined using an atomic 

absorption spectrophotometer.  The 

percentage of Cd2+ removed was evaluated 

through the difference between the initial or 

inlet concentration (C0) and outlet 

concentration (Cf) according to the following 

equation, 
𝐶0−𝐶𝑡

𝐶0
 ×

100

1
     (1) 

In the batch adsorption study, 100 ml of the 

solution was used in each case and the 

equilibrium amount of the metal ion 

removed was evaluated by replacing the 

denominator of equation 1 (i.e C0) with the 

mass of the adsorbent.  
 

3.0 Results and Discussion 

3.1 XRD analysis 
 

Fig. 1 shows the XRD spectrum of the CaONPs 

synthesized from oyster shells while Table 1 

presents parameters deduced from the 

spectrum. From the displayed XRD pattern, the 

most prominent peak is found at 2 = 34.19  

and corresponds to the Miller indices of 2 0 0. 

Other peaks were found at {2Theta] positions 

of 18.07, 47, 29.50, 47.29 and 50.92  and are 

ascribed to CaO with various Miller indices as 

presented in Table 4.1.  

 

 
Fig.1: XRD pattern of CaONPs synthesized 

from oyster shell 

The evaluated peaks, especially the principal 

peak are in good agreement with values 

reported for  CaONPs synthesised from 

different sources (Eddy et al., 2022a, 2023 a-b; 

Kelle et al., 2023; Ogoko et al., 2023; 

Jayaprabakar et al., 2023; Nayar et al., 2021).  

The crystalline size of nanoparticles is a 

significant parameter related to the dislocation 

density of a crystal. Equation 2 represents the  

Scheerer equation, which was used to evaluate 

the crystalline size of the nanoparticles (Eddy 

et al., 2022b) 

𝑑𝑥 =  
𝑘

𝐹𝑊𝐻𝑀∗𝑐𝑜𝑠
   (2) 

where k and  represent Scherrer’s constant 

and the X-ray wavelength respectively. 

Calculated values of the crystalline size for 

different diffraction angles are also recorded in 

(0 0 1) 
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Table 1, which shows a range corresponding to 

11.82 to 22.20 nm. Consequently, the average 

crystalline size is  16.85 nm, which confirms 

that the material is a nanoparticles because the 

particle size fits into the range of 0 to 100 nm 

(Khine et al., 2022).  
 

Table 1: Crystal parameters for the synthesised 

 

[2Theta] Area FWHM 𝒅𝒙 

(nm) 

 

 (𝒏𝒎−𝟏) 

𝒉 𝒌 𝒍 𝒅(𝒉𝒌𝒍)  

(𝒏𝒎) 

𝒅 (𝜽)

(𝒏𝒎)

 

18.07 636.77 0.6371 13.19 0.08 0 0 1 0.4991 0.0707 

29.50 1249.84 0.4659 18.42 0.05 1 1 1 0.2882 0.1146 

34.19 1171.53 0.4659 18.64 0.05 2 0 0 0.2496 0.1323 

47.29 707.71 0.7667 11.82 0.08 3 1 1 0.1505 0.1805 

50.92 349.53 0.4142 22.20 0.05 2 2 2 0.1441 0.1935 

 

The crystalline size of the nanoparticles was 

also evaluated using the Willamson Hall 

equation (equation 3), which related the 

crystalline size to the diffraction angle and 

Scherrer parameters as follows (Eddy et al., 

2023) 


𝑇𝑜𝑡𝑎𝑙

𝑐𝑜𝑠 =  4𝜖𝑠𝑖𝑛𝜃 +   
𝑘

𝑑𝑥
  (3)  

where 
𝑇𝑜𝑡𝑎𝑙

 is the total full with at half 

maximum and 𝜖 is the macrostrain parameter. 

The Williamson-Hall plot is shown in Fig. 2. 

Based on the values obtained for the intercept 

and slope of the Williamson-Hall plot, the 

crystalline size and microstrain were calculated 

as  2.705 nm, and 0. 0433.  

 
Fig. 2: Williamson Hall plot for the 

calculation of the crystalline size of the 

CaONPs 
 

The calculated crystalline size is lower than the 

value obtained from the Scherrer equation, 

which may be due to the influence of line 

broadening and microstrain. The evaluated 

microstrain is also low and indicates the 

stability of the crystal to dislocation. The low 

micro strain value also shows a strong 

compromise to the dislocation density values 

(recorded in Table 1) that were obtained as a 

reciprocal of the crystalline size (i.e   =
1/𝑑𝑥), which range from 0.05 to 0.08 nm-1 as 

shown in Table 1. 

The Miller indices for the synthesised CaONPs 

were recorded in Table 1. The lattice 

parameters for this crystal are 𝑎 = 𝑏 = 𝑐 =
  0.4991 𝑛𝑚 while the magnitude of the angles 

are 𝛼 = 𝛽 =  𝛾 = 90 °. The interplanar 

distance can be evaluated by substituting the 

listed Bravais parameters into the following 

equation,  
1

𝑑ℎ𝑘𝑙
2 =

ℎ2

𝑎2 +
𝑘2

𝑏2 +
𝑙2

𝑐2     (4) 

However, for this crystal, the lattice parameters 

are equal. Therefore, equations 5 and 6 are 

most appropriate 
1

𝑑ℎ𝑘𝑙
2 =

ℎ2+ 𝑘2+ 𝑙2 

𝑎2     (5) 

𝑑ℎ𝑘𝑙 =  
𝑎

(ℎ2+ 𝑘2+ 𝑙2)
1
2

    (6) . 

𝑑ℎ𝑘𝑙  values evaluated with equation 6 are 

recorded in Table 1 and indicated the observed 

range of 0.14 to 0.50 nm. The ditsnce between 
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place was also calculated using the Bragg 

diffraction equation, which can be written as,  

𝑑 =  
𝑛

2𝑠𝑖𝑛 
     (7) 

Recorded 𝑑() values (Table 1 shows a range of 

0.07 to 0.19 for n values = 1. The two sets of 

values show a strong negative correlation with 

R2 = 0.9742 (Fig. 3) 
 

 

 
Fig. 3: Correlation plot showing values of 

interplanar distance in CaONPs crystal, 

evaluated based on the Miller indices and 

the diffraction angle 
 

3.2 Adsorption study 
 

The synthesised nanoparticles were applied to 

remove trace concentrations (1 to 4 ppm) of 

cadmium ions from aqueous media. Fig. 4 and 

5 show the variation of the percentage removal 

efficiency with concentration at different 

periods of contact and different pH. From Fig. 

4, it is observed that the amount of Cd2+ 

removed at a given time increases with an 

increase in concentration. This is due to an 

increase in the number of heavy metal ions 

diffusing to the surface of the adsorbent as the 

concentration increases. The increment became 

more significant because the nanoparticles are 

known for possessing a large surface area of 

adsorption and high porosity, which 

contributes to ensuring that the number of 

active available sites is significantly large. 

Therefore, except all the adsorption sites are 

fully occupied, adsorption will increase with an 

increase in concentration. The interplay of time 

with concentration led to the observation that 

with an increase in time, the adsorption 

efficiency of the CaONPs increases. This is 

because time is of the essence considering the 

diffusion of the molecules to the surface and 

subsequent adsorption. Therefore, the higher 

the period of contact, the more the tendency 

towards adsorption.  

Fig. 5 shows that the interplay of pH with 

concentration also leads to a similar 

observation, which is at higher pH, adsorption 

is better. The pH at zero charge of CaONPs is 

about 6.6 (Eddy et al., 2023a). Since Cd2+ is a 

divalent positive ion, it would be preferentially 

adsorbed better at pH greater than 6.6 (i.e; 

alkaline pH) than in acidic pH is revealed by 

the plots (Fig. 5 and Fig. 6). The pattern of 

variation of adsorption with time (Fig.7) also 

matched the explanation that justifies why 

adsorption increases with an increase in the 

period of contact.  

 
Fig. 4: Variation of  the concentration of 

Cd2+ removed by CaONP with 

concentration for different contact time 

3.3 Adsorption isotherm 
 

The tests for the bested-fitted isotherm that can 

describe the adsorption characteristics of  

CaONPs for Cd2+ showed that the Freundlich 

isotherm is best preferred based on the R2 

values obtained 
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Fig. 5: Variation of  the concentration of 

Cd2+ removed by CaONP with 

concentration for different pH 

 
Fig. 6: Variation of  the concentration of 

Cd2+ removed by CaONP with pH for 

different concentration of crystal violet dye 

 
Fig. 7. Variation of  the concentration of Cd2+ removed by CaONP with time 
 

The Freundlich equation can be written as 

follows,  

𝑙𝑛𝑄𝑒 =   𝑙𝑛𝐾𝐹  +
1

𝑛
𝑙𝑛𝐶𝑒   (8) 

In the above equation, KF is the Freundlich 

constant while n is the adsorption intensity 

parameter. In Fig. 8, the Freundlich isotherm is 

shown but parameters calculated from the plots 

at various experimental time intervals are 

presented in Table 2. The model reveals that the 

intensity of adsorption decreases with the 

period of contact. Generally, values of 1/n 
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lower than unity signify favourable adsorption. 

The lower the value, the better the adsorption. 

Therefore, the information deduced from the 

Freundlich plots confirms that the adsorption of 

Cd2+  by CaONPs is favourable while the 

intensity of the adsorption increases with an 

increase in time.  

The Freundlich adsorption constant was also 

used to evaluate the value of the free energy of 

adsorption based on equation 9 (Odoemelam 

and Eddy, 2008),  

∆𝐺𝑎𝑑𝑠
0 =  𝑙𝑛𝑄𝑒 +

1

𝑛
𝑙𝑛𝐶𝑒  (9) 

Calculated values of the standard free energy of 

adsorption (Table 2) showed a range of 76.23 

to -76.51 J/mol while the average value is 76.42 

J/mol. Since these values are negatively less 

than -40 kJ/mol (which defines the threshold 

for chemical adsorption mechanism), the 

adsorption of Cd2+ on CaONPs is spontaneous 

and is consistent with the mechanism of 

physical adsorption.  

 

 
Fig. 8: Freundlich plot for the adsorption 

removal  of Cd2+ by CaONPs after various 

periods of contact 

 

Table: Parameters for the adsorption of Cd2+ by CaONPs according to the Freundlich model 

 

Time (min) 1/n R2 𝒍𝒏𝒌𝒂𝒅𝒔 
∆𝑮𝒂𝒅𝒔

𝟎  (
𝑱

𝒎𝒐𝒍
) 

30 0.0287 0.9716 9.1697 -76.2369 

40 0.0072 0.9669 9.1978 -76.4705 

60 0.0066 0.9667 9.1987 -76.478 

70 0.0044 0.9919 9.2021 -76.5063 

4.0 Conclusion 
 

The study shows that CaONPs have been 

successfully synthesised from oyster shells. 

The synthesized product displayed crystalline 

properties that are in line with literature values. 

They showed a strong affinity for the 

adsorption of Cd2+ from aqueous solution. The 

adsorption efficiency increases with time, 

concentration and pH.  Based on the results 

obtained from the study, CaONPs is a good 

adsorbent for the removal of Cd2+ from 

aqueous solution.  
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