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Abstract: Bacterial infections have one of the extensive impacts on public health. Therefore, finding 

compounds with antibacterial properties could serve as an effective method. A nanocomposite, 

Ag/CaO containing CaO and Ag nanoparticles was prepared from silver nitrate and egg shells. After 

calcination of the egg shells at 900 °C for 5 h, the solid remaining, CaO was cooled, then silver nitrate 

was added and the mixture was ground to a fine powder, and finally heated at 300 °C for 3 h. The 

brown solid obtained was characterized by XRD and XRF methods. Afterwards, the prepared 

Ag/CaO nanocomposite was applied and compared with CaO for antibacterial activity against gram 

positive and gram negative bacteria. The bacteria were Escherichia coli, Pseudomonas aeruginosa, 

Klebsiella peneumoniae, Staphylococcus aureus, Staphylococcus saprophyticus. 
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1. Introduction 

Egg shell is considered as a pollution source as well as a source of calcium carbonate 

[1]. Nowadays, synthetic methods without dangerous solvents is attractive, especially for 

their environmental benefits. Recently, scientists have concentrated on manufacturing of 

economic materials through the process of waste recycling. 

2. Experimental 

2.1. Preparation of CaO from Chicken Egg Shell 

CaO was prepared from collected egg shells after washing carefully, drying in room 

temperature grinding in a porcelain mortar, and then calcination at 900 °C for 5 h [2]. As 

a final step, it was cooled down to room temperature. The obtained CaO was used for 

antibacterial activity. 

2.2. Preparation of Ag-NPs@CaO 

The obtained CaO (3 g) was ground in porcelain mortar, then was added 1 g 

Ag(NO)3, crushed in porcelain. The mixture was placed in furnace at 300 °C for 3 h until 

a brown solid, Ag@CaO was obtained. 

2.3. Characterization 

CaO and Ag@CaO pointed in 2.1 and 2.2 were characterized by XRD, XRF and SEM 

methods. 

In XRD patterns, the two characteristic lines of CaO shown in Figure 1, can be seen 

in the pattern of Figure 2. This is an evidence for the presence of CaO in Ag@CaO. 
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Figure 1. XRD pattern of CaO. 

 

Figure 2. XRD Pattern of Ag@CaO. 

In XRF analysis of CaO, shown in Table 1, we can see the percentage of pure CaO 

equal to 97.78% which can be acceptable. The XRF analysis of Ag@CaO is given in Table 

2 that shows 15.7% Ag in the composite. 

Table 1. The XRF results of CaO as weight percentage of oxides of elements. 
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Table 2. The XRF results of Ag@CaO as weight percentage of Ag and CaO. 

 

The SEM micrographs of the two samples, CaO and Ag@CaO are shown in Figures 3 

and 4, respectively. The flake morphology of CaO can be clearly observed in Figure 3. 

However, in Figure 4, it can be seen that the edges of flakes become more round, but Ag 

particles are settled on the planes of CaO. 

  

Figure 3. The SEM images of Cao. 

  

Figure 4. The SEM images of Ag@CaO composite. 
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2.4. Antibacterial Activity 

Antibacterial activity of CaO [3,4] and Ag@CaO composite against gram positive and 

gram negative bacteria were tested. The bacteria include PS. Aeruginosa, Keleb peneumo-

nia, Staph coccus aureus, Staph sapropphyticus and Ecoli. The results are shown in Figure 

5a–e and summarized in Table 3. In all cases, it can be seen that the inhibition zone diam-

eter from CaO to CaO@Ag is increased. 

Table 3. The behavior of CaO and Ag@CaO against some bacteria as the diameter of inhibition zone. 

Bactery 
Inhibition Zone Diameter(mm) 

CaO Ag@CaO 

Pseudomonas aeruginosa 8.770 18.038 

Klebsiella peneumoniae 8.345 8.866 

Staphylococcus aureus 13.973 15.928 

Staphylococcus saprophyticus 8.790 11.565 

Escherichia coli 15.248 17.819 

 

  
(a) Escherichia coli 

  
(b) Pseudomonas aeruginosa 

  
(c) Klebsiella peneumoniae 
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(d) Staphylococcus aureus 

  
(e) Staphylococcus saprophyticus 

Figure 5. Images of antibacterial test results for gram-negative (a–c) and gram-positive (d,e) bacteria 

on pure CaO (left) and Ag@CaO composite (right). 

3. Conclusions 

In this work, a waste material was converted to a bioactive product against many 

types of bacteria. Moreover, its composite with silver showed a more successful antibac-

terial effect. 

References 

1. Ferraz, E.; Gamelas, J.A.F.; Coroado, J.; Monteiro, C.; Rocha, F. Eggshell waste to produce building lime: Calcium oxide reactiv-

ity, industrial, environmental and economic implications. Mater. Struct. 2018, 51, 115. 

2. Rai, M.K.; Deshmukh, S.D.; Ingle, A.P.; Gade, A.K. Silver nanoparticles, the powerful nanoweapon against multidrug-resistant 

bacteria. J. Appl. Microbiol. 2012, 112, 841–852. 

3. Witoon, T. Characterization of calcium oxide derived from waste egg shell and its application as CO2 sorbent. Ceram. Int. 2011, 

37, 3291–3298. 

4. Sawai, J.; Shiga, H.; Kojima, H. Kinetic analysis of death of bacteria in CaO powder slurry. Int. Biodeter. Biodegr. 2001, 47, 23–26. 


