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Abstract: This study describes a method for 

synthesizing calcium oxide nanoparticles 

(CaO-NPs) from oyster shells, a waste 

material. The characterization of the 

synthesized CaO-NPs was conducted using X-

ray diffraction (XRD), UV-visible 

spectroscopy, Raman spectroscopy, Fourier 

Transform Infrared (FTIR) spectroscopy, and 

dynamic light scattering (DLS). The XRD 

analysis confirmed the formation of CaO-NPs 

with an average crystal size of 57.18 nm. The 

UV-visible spectrum revealed maximum 

absorption at 206 nm, indicating absorption in 

the ultraviolet region. The band gap energy of 

the CaO-NPs, determined using the Tauc plot, 

was found to be 5.90 eV and 5.93 eV for direct 

allowed and indirect forbidden transitions, 

respectively. Raman and FTIR spectroscopy 

analyses provided further confirmation of the 

presence of CaO-NPs. Finally, DLS 

measurements revealed an average 

hydrodynamic diameter of 54.85 nm for the 

CaO-NPs, classifying them as macroporous. 

The macroporous structure suggests potential 

photocatalytic properties for the synthesized 

CaO-NPs. 
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1.0 Introduction  
 

The most beneficial aspect of environmental 

science  Is the identification of environmental 

problems and the design of solutions to 

prevent, control or solve the problem. In recent 

times, landfills have been overburdened by 

excessive waste generation, high cost of 

transportation, site contamination,  health 

challenges and other consequences (Eddy et 

al., 2024a). Burning has become one of the 

operational options but considering solid 

waste, the energy required may be expensive 

and the by-product could be much more 

hazardous than the original waste. 

Consequently, current best practices in solid 

waste management are centred on the three 

cardinal points of recovery, reuse and 

recycling. Some studies have been reported on 

the conversion of several classes of solid waste 

to useful materials. For example, the synthesis 

of silicon nanoparticles from plant waste 

(Siddiqua et al., 2022), conversion of abattoir 

wastes to animal feed (Adebisi, et al., 2021),  

waste conversion to biofuel (Akin et al., 2023) 

and other reported cases. The shells of some 

animals are one class of solid wastes that have 

witnessed some levels of innovation in their 

management based on their chemical 

composition, extremely low cost of acquisition 

and environmental friendliness of the 

processed product. For example most of them 

are known for their role in serving as uque 

precursor for the production of CaO, CaCO3 

and Ca(OH)2 nanoparticles . In our  research 

group, processing of several types of 

crustacean shells to nanoparticles have been 

reported including some species of oyster 

(Eddy et al., 2023a-b, 2024b-c; Kelle et 

al.,2023; Odoemelam and Eddy, 2009; Ogoko 

et al. , 2023), periwinkle (Eddy et al., 

2023c,2024b). Others have reported egg shells 

(Ismael et al., 2023; Nayar et al., 2021), snail 

shell (Ahmed et al., 2022), crab shells 

(Odiongenyi, 2022), scotch bonnet 
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(Odiongenyi, 2023) etc. Most of the reported 

works have shown that the quality of calcium 

oxide nanoparticles (CaONPs) obtained are 

preferred for various applications compared to 

the chemically obtained counterparts (Garg et 

al., 2024a-c). In this study, the mandate of our 

sponsored research is to report some works 

done on the synthesis of CaONPs from crab 

shell.  

 

2.0 Materials and Methods 

2.1 Synthesis of CaO-NPs  

 

Oyster shells were collected as waste materials 

from the Oron fishing zone in Nigeria. The 

shells were washed severally with hot water to 

remove surface contaminants. The washed 

samples were dried to constant weight in an 

oven at 100 C before reducing them to a 

powdered form using an electric motor-

powered crusher. The CaCO3-rich powder 

obtained from the shells was reacted with 2 M 

HCl and the resulting system was stirred 

continuously to remove CO2 gas. The product 

of the reaction was hydrolysed with 50% 

NaOH solution to form Ca(OH)2. When the 

reaction was complete, distilled water was used 

to wash off NaCl while the formed Ca(OH)2 

was dried to constant weight and finally 

calcined in a muffle furnace at 850 C to 

produce CaONPs. Scheme 1 presents detailed 

steps employed for the synthesis of the CaO-

NPs.  
 

2.2 Characterization of CaO-NPs 
 

The crystal profile of the CaONPs was 

evaluated using an X-ray diffraction (XRD) 

machine. The settings of the XRD machine 

were, k-alpha 1 = 1.5400 Å, k-beta = 1.39225 

Å. The diffractometer type was fixed at 

0000000011078671 while the generator was 

fixed at 40 mA, 45 kV. The system 

refractometer type was EMPYREAN. The 

diffractogram produced was obtained as a plot 

of intensity against 2[Theta]. In addition to the 

diffraction angles, other information such as 

density, the volume of the cell, d-spacing and 

Miller parameters were also obtained from the 

machine’s output.. A UV-visible 

spectrophotometer was also used to detect the 

wavelength of maximum absorption by the 

CaO-NPs (i.e, max). This was achieved by 

scanning the sample through a wavelength 

range of 200 to 1000 nm.  

 

 

 
Scheme. 1: Scheme for the synthesis of 

CaONPs 

 

4.0 Results and Discussion 

4.1 Characterization of the CaO-NPs 

from Oyster Shell 

 

The XRD profile of the synthesized CaO-NPs 

is shown in Fig. 1a. The diffractogram reveals 

the most prominent peak at 2 = 29.40. This 

peak value is in the range of values that have 

been confirmed to be typical for CaONPs, such 

as a maximum peak value of 2 = 34 reported 

by Habte (2019) for CaO nanoparticles 

synthesized from waste eggshells using the sol-

gel method. Toamahand Fadhil (2019) reported 

2 = 30  for calcium nanoparticles that were 

synthesized when CaCl2 was used as a 

precursor while Butt, et al. (2015) reported 2 
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= 30 . However, higher values such as 2 = 30 

(Alavi and Morsali, 2010), 32.2(Mohadi, et al., 

2018) and 37 Khineet al. (2022) have also 

been reported for calcium oxide nanoparticles.  

Other peaks observed in the diffractogram were 

found at positions shown in Table 1. The 

fullwidth half maximum (FWHM) values for 

the respective position are also recorded in 

Table 1. Scherer’s equation (equation 2) can be 

used to calculate the crystal size (𝐷𝑐𝑟𝑦𝑠𝑡) of the 

synthesized CaONPs by substituting the values 

of  FWHM at various angles of diffraction into 

the following equation (Canchanya-Huamanet 

al., 2021) 

𝐷𝑐𝑟𝑦𝑠𝑡 =
𝑘

(𝐹𝑊𝐻𝑀)𝑐𝑜𝑠
   (2) 

where  is the wavelength of the Cu-K line 

excitation ( = 1.5406 𝑛𝑚) and k is the 

Scherer’s constant, which is numerically equal 

to 0.9. Evaluated values of 𝐷𝑐𝑟𝑦𝑠𝑡 for the 

various 2[theta] values are also recorded in 

Table 1. Based on the results, the average 

crystalline size of the nanoparticle is 57.18 nm.  

The distances between planes of atoms in CaO-

NPs that gave rise to diffraction were also 

calculated using equation 3 

1

𝑑2
=  

ℎ2

𝑎2
+

𝑘2

𝑏2
+  

𝑙2

𝑐2
   (3) 

 

where  ℎ, 𝑘 𝑎𝑛𝑑 𝑙 are the Muller indices while 

a, b and c are the sizes of the cube, which are 

equal to each other, hence 𝑎 = 𝑏 = 𝑐 and 

equation 3 becomes 4, while crystal plane 

spacing (𝑑(ℎ𝑘𝑙)) can be evaluated through the 

application of equation 5 while the d-spacing 

was calculated using Bragg’s equation 

(equation 6), which is simplified to equation 7  
1

𝑑2 =  
ℎ2+ 𝑘2+ 𝑙2

𝑎2    (4) 

𝑑(ℎ𝑘𝑙) =  √
𝑎2

ℎ2+ 𝑘2+ 𝑙2   (5) 

𝑛 = 2𝑑𝑠𝑖𝑛    (6) 

𝑑 =
𝑛

2𝑠𝑖𝑛
  (n = 1)   (7) 

 

 
Fig. 1: (a) XRD diffractogram of CaO-NPs (b) UV absorption spectrum of CaO-NPs (c) 

Tauc’s plot for direct  allowed transition (d) Tauc’s plot for indirect forbidden transition 
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Table 1: XRD parameters for the characterized CaO-NPs 

 

𝟐 (𝑹𝒂𝒅𝒊𝒂𝒏𝒔) 𝑭𝑾𝑯𝑴 (𝑹𝒂𝒅𝒊𝒂𝒏𝒔) 𝒅 (Å) 𝑫𝒄𝒓𝒚𝒔𝒕 (𝒏𝒎) 𝒅(𝒉𝒌𝒍)(Å) 

0.3141 0.0054 1.46 27.21 2.23 

0.4024 0.0018 1.15 84.40 1.21 

0.5008 0.0036 0.94 44.24 0.83 

0.5130 0.0022 0.92 71.29 3.53 

0.5486 0.0054 0.86 30.33 1.50 

0.5961 0.0036 0.80 46.90 1.76 

Parameters including a, h, l and k obtained from 

the XRD profile of the CaONPs were used to 

evaluate the d values for the various diffraction 

angles and the results obtained are also 

presented in Table 1. Calculating d-spacing 

ranged from 1.21 to 3.53 Å , which is 

comparable to a range of 1.388 to 3.015 Å  

reported for CaO nanoparticles synthesized 

using plant extract (Jadhav et al., 2022). 

Other crystal indices evaluated from the XRD 

profile of the CaO-NPs were density (2.71 

g/cm3), cell volume (3.6807 ×  10−4𝑝𝑚3) and 

Bravais lattice parameters (𝑎 = 𝑏 = 𝑐 =

4.9910 Å, ∝ =  𝛽 =  𝛾 = 90 ° ) 

The UV visible spectrum of the synthesized 

CaO-NPs is shown in Fig. 1b. The spectrum 

reveals that the synthesized CaO-NPs absorb at 

206 nm, which implies that the nanoparticles are 

absorbed in the UV region of the spectrum. The 

reported 𝑚𝑎𝑥 = 206 𝑛𝑚 is not at variance with 

a 𝑚𝑎𝑥 = 205 𝑛𝑚 reported by Aboutaleb and 

Mohammad (2013) for CaO-NPs synthesized by 

the reverse microemulsion techniques. One of 

the significant parameters that can be deduced 

from the UV absorption spectra of the 

synthesized CaO-NPs is the band gap, which 

was evaluated using the Planck equation as 

follows 

𝐸𝐵𝐺 = ℎ𝑣 =
ℎ𝑐

𝑚𝑎𝑥
   (8) 

The substitution of Planck’s constant (h = 

6.626 ×  10−34𝐽/𝑠), speed of light ((𝑐 =

3.00 × 108𝑚/𝑠) and  𝑚𝑎𝑥 = 206 ×  10−9𝑚 

into equation 8 gives the bandgap value of 

9.4951 × 10−19 𝐽 = 5.898 𝑒𝑉. The Tauc plot 

was also used to determine the bandgap and the 

transition type expected for the creation of holes 

and electrons in the CaO-NP. The primary form 

of the Tauc equation is given as follows 

(Hussein et al., 2020) 
(ℎ𝑣)𝜎 =  𝑘𝑇𝑎𝑢𝑐(ℎ𝑣 − 𝐸𝐵𝐺)  (9) 

where  is the absorption coefficient, h is the 

Planck constant, 𝑣 = ℎ𝑐/),𝑘𝑇𝑎𝑢𝑐  is the Tauc 

constant,  𝜎 is a factor that represents the nature 

of transition (𝜎 = 2,
1

2
,

2

3
𝑜𝑟 3 for direct, indirect, 

forbidden direct and forbidden indirect 

transition. Tauc’s plots were developed for all 

possible transitions by plotting values of 
(ℎ𝑣)𝜎 versus ℎ𝑣 (for 𝜎 =

2,
1

2
,

2

3
 𝑎𝑛𝑑 3 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦. Bestfitness was 

obtained for 𝜎 = 2 𝑎𝑛𝑑 3 as shown in Fig. 1c 

and d respectively. Consequently, the direct 

allowed and indirect forbidden transitions are 

possible for the synthesized CaO-NP. The 

bandgaps evaluated through extrapolation for 

the direct allowed and indirect forbidden 

transitions were 5.90 and 5.93 eV respectively.  

Generally, the forbidden transition is not 

consistent with the prevailing selection rule. It is 

expected that until the photon energy exceeds 

5.93 eV, the direct transition will dominate the 

spectral system of CaO-NP. The EBG values 

evaluated from the Tauc plots are comparable to 
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the value evaluated from the Planck equation 

(i.e using equation 8).  

The Raman spectrum of the CaO nanoparticles 

is shown in Fig. 2a. The spectrum reveals a 

major peak at 2450 nm and minor peaks at 700, 

763 and 1221 nm. Literature is scanty on the 

establishment of reference Raman bands for 

CaO nanoparticles. However, some studies have 

been conducted on the Raman spectra of CaO 

such as the observation of. Raman scattering 

bands of CaO around 655, 780, 1078 and 1106 

cm-1 by Capriotti and Quaini(2012). 

Consequently, the band they observed at 655 

cm-1 which can be compared with the band at 

696 cm-1 obtained for CaO nanoparticles in this 

work was regarded as the reference peak. Also, 

the band at 780 cm-1 for CaO can be compared 

to the band at 756 cm-1 obtained in this study and 

is attributed to the optical transversal and 

longitudinal band. However, Rincon-Yoyaet al. 

(2016) observed major peaks at 1018 and 1086 

cm-1 for CaO that were synthesized from two 

different methods. Raman shift was observed to 

be a function of particle size, indicating that as 

the particle size decreases, the wavelength also 

increases. Therefore, the peaks at 108 and 1218 

cm-1 observed in the present work are attributed 

CaO nanoparticles (CaO-NP), whose size 

dimension is far lower than that of CaO, and 

hence the expected incremental Raman shift. 

The FTIR spectrum of the synthesized CaO-NP 

shown in Fig. 2breveals three peaks including 

fingerprint peaks at 712 and 872 cm-1 (Habe, 

2019). Also, a prominent peak was observed at 

338 cm-1. Although Sing et al. (2016) have 

reported such a peak (at 338 cm-1) as unique but 

not fully understood, the remark made by 

Zyiaginaet al. (2022) after theobservation of a 

similar peak, constitutes strong evidence as a 

representative peak for CaO nanoparticles.  

 

 
Fig. 2: (a) Raman (b) FTIR spectrum of CaO-NP 
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The dynamic light scattering (DLS) 

measurement was implemented to determine the 

average diameter of the CaO-NP. Fig. 3 shows 

distribution plots based on the variation of 

particle size with the number, volume and 

intensity respectively. Generally, the DLS 

method measures the hydrodynamic diameter, 

which is based on the Stokes law (equation 10) 

𝑑(𝐻) =  
𝑘𝐵𝑇

3𝜋𝐷𝑑𝑖𝑓𝑓𝑢𝑠
   (10) 

where 𝑑(𝐻) is the hydrodynamic diameter, kB is 

the Boltzmann constant, T is the temperature,  

is the viscosity of the dispersant and Ddiffus is the 

diffusion coefficient of the medium. 

The presented peaks (Fig.3) reveal three major 

peaks based on the number, volume and 

intensity. The distribution based on the number 

of particles is more evenly spread, followed by 

the distribution based on the volume and lastly 

by the distribution based on the intensity. This 

is because the volume of a sphere measured by 

the DLS machine is 
4

3
𝜋 × (

𝑑

2
)

3

 and the intensity 

is proportional to the sixth root of the diameter 

(𝑖. 𝑒, 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ∝  𝑑6). The corresponding 

diameters for the peaks are also shown in the 

figure while the average Z-average, which is the 

best approximation for the diameter of the 

particle was 54.85 nm.  

 

 
Fig. 3: DLS distribution profiles for the CaONPs 
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The Z-Average (d.nm) value, displayed at the 

top left corner of each plot, represents the 

average hydrodynamic diameter of the 

particles as measured by DLS. In this case, the 

Z-average  while the diameter is 54.85 nm as 

stated before. Each plot has multiple peaks, 

labelled Peak 1, Peak 2, etc. These peaks 

represent populations of particles with similar 

sizes. The x-value (e.g., 120.0 nm for Peak 1 in 

the Intensity plot) indicates the size around 

which the particles in that population are 

clustered. Therefore, the ratio of pore volume 

to the total volume of the synthesized CaONPs 

(which defines its porosity) best fits the 

macroporous class of nanoparticles because its 

particle size is slightly greater than 50 nm 

(Eddy et al., 2022; Lan and Zhao, 2022). Somo 

et al. (2022) identified macroporous class as 

materials with unique optical-related photonic 

bandgaps as well as optical stopped bands. 

Therefore, the synthesized CaO-NP will likely 

exhibit a good photocatalytic tendency.  
 

4.0 Conclusion 
 

This study successfully synthesized calcium 

oxide nanoparticles (CaO-NPs) from oyster 

shells, a waste material. The characterization 

techniques employed (XRD, UV-visible 

spectroscopy, Raman spectroscopy, FTIR 

spectroscopy, and DLS) confirmed the 

formation of CaO-NPs with an average crystal 

size of 57.18 nm and a macroporous structure 

with an average hydrodynamic diameter of 

54.85 nm. The UV-visible spectrum indicated 

absorption in the ultraviolet region, and the 

band gap energy was calculated to be around 

5.9 eV. 

This research demonstrates the feasibility of 

extracting valuable nanomaterials, CaO-NPs in 

this case, from oyster shells, a waste product. 

The characterization results confirm the 

successful synthesis of CaO-NPs with 

properties potentially suitable for 

photocatalysis due to their macroporous 

structure and band gap energy. 

Given the promising characteristics of the 

synthesized CaO-NPs, further research is 

recommended to explore their photocatalytic 

activity. This could involve investigating their 

ability to degrade pollutants or generate clean 

energy under light irradiation. Additionally, 

research could optimize the synthesis process 

to control the size, morphology, and surface 

area of the CaO-NPs for enhanced 

photocatalytic performance. Finally, exploring 

the potential of using waste crab shells for 

similar nanoparticle synthesis could broaden 

the applicability of this waste valorization 

approach. 
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