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ABSTRACT 

Zinc calcium phosphate is one of the important biological and antibacterial materials. The major objective of this 

research is estimating the possibility of forming zinc calcium phosphate [Ca19Zn2(PO4)14] by substituted Ca2+ by 

Zn2+ in the hydroxyapatite structure. In this study was prepared pure hydroxyapatite and zinc calcium phosphate 

at percent of zinc (0, 8) mol% ZnO by Sol-Gel technique. The resultant powders was sintering at 1100º C. The 

precursor materials are calcium nitride, di-ammonium hydrogen phosphate, zinc nitride, and ammonium 

hydroxide solution. At 8 mol% of ZnO, zinc calcium phosphate was successfully obtained. Testing the 

morphological properties was done by using Transmission electron microscopy (TEM), Field Emission- Scanning 

Electron Microscopy (FE-SEM), and Energy Dispersive X-Ray Spectroscopy (EDS). TEM results found the 

particles like rode with nano size. FE-SEM results tested after sintering at 1100ºC found that the particles 

agglomerated more when adding 8mol% ZnO. For testing the bioactivity was done by immersion the compacted 

the samples in simulated body fluid (SBF). XRD and FE-SEM tests shown that appetite layers formed on the 

samples surface, giving an evidence of their bioactivity. The antibacterial activity tested against Escherichia coli. 

Generally, adding zinc to the hydroxyapatite resulted the smaller particle size obtained, that mean high surface 

area of bioceramic powder, and subsequently improve the bone bonding ability and improve the bioactivity 

compared with pure hydroxyapatite. 
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INTRODUCTION 

Currently, one of the most critical issues for the biomedical engineering field is development of next-generation 

materials [1]. The greatest potency for bone replacement is illustrated by materials composed of hydroxyapatite 

(HA), Ca10(PO4)6(OH)2, a calcium phosphate mineral that forms a strong bond with bone tissue, exhibits 

osteoconductive properties, resistance of bioresorption, and no adverse effects on the human organism [2-3]. 

Calcium phosphate material synthesis similar to that found in bone and suitable for orthopedic and dental 

applications [4]. The osseointegration property is required to minimize damage to surrounding tissues and to 

maximize implant efficiency. However, by substituting with ions found in natural bone apatites, the biological 

and physicochemical properties of HA can be enhanced. Due to the presence of minor constituents such as cations 

(Mn2+, Zn2+, Mg2+, Na+, Sr2+) or anions (CO3
2− or HPO4

2−) , the majority of natural apatites are non-stoichiometric 

[5-6]. The lattice parameters, dissolution kinetics, and other physical properties can be affected by trace ions that 

are incorporated into apatites [7]. Research interest is the synthesis of Zn-substituted hydroxyapatite is important 

because bone and teeth are made of hydroxyapatite. In small amounts, zinc is found in the dentin of human teeth, 

and in large amounts it is present in the bone [8] . The formation of microbes at the positions of implantation is 

one of the major failures in the implantation process [9].Another problem of implantation is the contamination by 

bacteria that adhere on the surface of the biomaterials as an impediment of orthopedics[10].  
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The antibacterial behaviour of Zn-HA has been reported  [11]  while its nano-rods are reported to have improved 

act against oral cavity bacteria [12]. But the structural implication of the dopant has not been well reported. The 

authors in reference [13] reported that the complete inhibitory concentration against E. coli was 280 μg·mL-1 when 

the size of ZnO-NPs was 13 nm, while the complete inhibitory concentration against S. aureus was 80 μg·mL-

1.Our previous study has institute the zinc location into the hydroxyapatite structure [14]. The sol-gel technique 

has found an advantage in easy control of chemical composition and synthesis temperatures. Stoichiometric, 

Homogeneity, and purity are characteristics of the sol-gel technique; also, using small particles allows for a higher 

firing temperature and ability to generate homogeneous and fine-grained structures are its advantages [15]. As 

well as easily using the sol–gel technique, trace elements like zinc can be doped into HA. This research has 

investigated the relationship between substituted zinc and microstructure and properties of HA that synthesized 

by sol-gel technique and how zinc affects the formation of an anti-bacterial biomaterial. 

MATERIALS AND METHODS  

Hydroxyapatite was obtained by sol-gel approach. In this method an appropriate amounts was made of calcium 

nitrate tetrahydrate (CN) and di-ammonium hydrogen phosphate (DAP) dissolved in distilled water in separate 

beakers using magnetic stirrer for about 30 minutes. Then, the DAP solution added drop by drop to the CN solution 

at 75 ºC under stirring. NH4OH used to adjust the PH of the obtained solution and maintained above 10 .The 

solution kept under magnetic stirrer and continuously stirred for 12 hours. Then allowed to cool for 24 hours, 

washed with distilled water and ethanol at least three times and filtered. Finally, dried in hot oven at 85̊ C for 

overnight and hydroxyapatite obtained according to the equation (1). 

10Ca(NO3)2.4H2O+6(NH4)2HPO4+8NH4OH→Ca10(PO4)6(OH)2 +20NH4NO3+46H2O                                        (1) 

To prepare zinc calcium phosphate, the same procedure above was done except that substituted of  8mol % of 

calcium nitride by zinc nitride. 

Figure 1 shows the steps of the work research. 

 

Figure 1. The steps of preparation of HA and Zinc calcium phosphate. 

To confirm the particle morphology and calculate the particle size of obtained powders, a TEM device must be 

used. EDS was used to confirm the purity of the resultant powders.  

RESULTS AND DISCUSSION 

Transmission electron microscopy (TEM) 

Figure 2 shows TEM micrographs of the prepared powders particles at percents (0and 8) mol% of ZnO at 

magnification 100 nm and these images are the most specified technique used to estimate the particle size. In 

figure (2, A) show the agglomerations particles at size 50nm . It was observed that ZnHA exhibited a rod-like 

morphology mimicking that of the natural bone apatite. 
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In figure (2, B) showed that the particles smaller size (33 nm) and highly agglomerated than that 0 mol% of ZnO 

that explained when the percent increased the agglomerations increased that attributed to the increasing in  zinc 

content. 

     

Figure 2: TEM images (A) 0 mol % ZnO and (B) 8 mol % ZnO of dried gel. 

FE-SEM results 

In figure 3 shows the compacted samples of  pure HA (0mol% ZnO) at 1100 ºC. As noticed in figure (3, a) that 

there was different distributed particles and their shape nearly rounded .In figure (3, b) the size of particles in nano 

size ranging from (33.97 to 45.14 ) nm. In figure 4 the compacted bioceramic sample at 8mol% ZnO sintering at 

1100 ºC . As noticed observed the phase of zinc calcium phosphate [Ca19Zn2(PO4)14]. The particles are spherical 

and the size in nano ranging from (38.38 to 55.58) nm.  

    

Figure 3. FE-SEM images of 0 mol% ZnO at 1100 ºC of compacted bioceramic samples at different 

magnifications. 

A B 

A B 
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Figure 4. FE-SEM of 8 mol% ZnO at 1100 ºC of compacted samples at different magnifications. 

EDS results 

As noticed in figure 5 for 0 mol% of ZnO revealed the main elements of hydroxyapatite without any impurities, 

while in figure 6 the 8 mol % of ZnO sintered at 1100 ºC that the percent of Ca decreasing with increasing zinc 

oxide and the intensity of peaks decreased. This result indicated that the calcium oxide substituted by zinc oxide 

which incorporated into the structure of hydroxyapatite forming new phase (zinc calcium phosphate). 

 

Figure 5. EDS results at 0 mol % ZnO of compacted bioceramics samples at 1100 ºC. 

A B 
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Figure 6. EDS results at 8 mol% ZnO of compacted bioceramics samples at 1100 ºC. 

FE-SEM and EDS after immersion in simulated body fluid (SBF) 

The compacted bioceramic sample immersed in SBF for 14 days to examine the bioactivity of the zinc calcium 

phosphate. As clear in figure 7 the layer of HA formed on the surface of the samples that confirms the bioactivity 

of zinc calcium phosphate.  

   

 

Figure 7. FE-SEM and EDS results of 8 mol% ZnO compacted sample at different magnifications after 

immersion in SBF for 14 days. 
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Antibacterial test  

The samples were implanted in (Escherichia coli) bacteria which are (0 and 8) mol% ZnO. Antimicrobial activity 

of bioceramic samples measured by inhibition zone (mm) around the sample disc as shown in Figure 8. The 

inhibition zones for 0 mol%, and 8 mol% samples are (0), (12mm), respectively. As clear in the figure no 

antibacterial action was observed in the HA sample like the previous research [16] while the percent of 8mol% of 

ZnO shows antibacterial activity against (E. coli). 

   

Figure 8. Antibacterial activity of (0, and 8) mol% of ZnO co-doped specimens against E. Coli bacteria. 

The proposed mechanism is based on Zn ions' ability to form strong bonds with functional groups (carboxylates, 

imidazoles, thiols, and amines) found in bacterial cell membrane proteins. 

CONCLUSIONS 

Hydroxyapatite and zinc calcium phosphate was successfully synthesis by sol-gel method. TEM results revealed 

that the particles in nano rang with low porosity while 8mol% the particles became smaller. FE-SEM before 

immersion in SBF solution results found that the particles almost rounded at 0 mol% and the particles at 8mol% 

are spherical. The bioactivity of the compacted samples confirmed when forming of HA layer on the samples as 

conformed by FE-SEM test after immersion. EDS test confirmed that the zinc successfully incorporated into 

hydroxyapatite structure forming zinc calcium phosphate. The percent of 8mol% ZnO revealed antibacterial 

activity against Escherichia coli.  
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