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 These days bone and joint problem is one of the serious health issues in the whole 

world, millions of people are suffered from it and number is increasing with an 

alarming rate. Annually, there are more than million surgeries getting done in the world 
just because of injuries to human hard tissue system. Recently in medical applications, 

synthetic Hydroxyapatite (HA) has been widely used as an important material because 

of excellent properties such as bio affinity and high osteogenic potential. HA, particles 
prevent the growth of cancer cells. Recently, natural hydroxyapatite bio ceramics are 

extracted by normal calcinations of some bio wastes. Biologically derived natural 

materials such as bovine bones, fish bones, oyster shells, corals and egg shells, they 
have converted into useful biomaterials. Moreover, extraction of HA from bio-waste is 

simple, economically and environmentally preferable. The mechanical Properties of 

HA is low in comparison with cortical bone. As a result, incorporation of resistant 
oxide phase has been resistant to optimize biocompatibility and improve mechanical 

properties of HA. Zirconia (ZrO2), is one of the best materials which can increase the 

HA properties. ZrO2 is a well known material which has high mechanical properties 
and greater strength, low toxicity and lower magnetic susceptibility in comparison with 

Ti and Titanium's alloys. In the present work, HA/ZrO2 bio ceramic were fabricated in 

various sintering conditions and nano particle size is achieved by milling technique. HA 
was derived from natural sources that chosen bovine bone. Effects of ZrO2 on the 

composites were investigated. Adding the additive resulted in the values of higher 

density. Density of the sintered samples was determined by using the Archimedes 
method and distilled water was used as the fluid medium. The phase formation of the 

sintered samples was analyzed by X-ray diffraction technique (XRD). The micro 

structural investigation of the samples was performed using a scanning electron 
microscope (SEM).  
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INTRODUCTION 
 

 Recently, synthetic HA has widely used as an important material because of excellent properties such as bio 

compatibility (Chen et al., 2011; Rabiei et al., 2007), bio affinity (Pramanik et al., 2005) and high osteogenic 

potential (Gu et al., 2004; O'Hare et al., 2010). Latest studies have also shown that HA particles prevent the 

growth of cancer cells (Hou et al., 2009; Li et al., 2008). It has been well documented that HA can promote new 

bone growth through osteoconductive mechanism and has ability to bond directly to the host bone without 

causing any local or systemic toxicity, inflammation or foreign body response (Wu et al., 2013).  

 Therefore, HA is commonly use for different biomedical applications, such as placement for bony and 

periodontal defects, middle ear implants, knee replacement, alveolar ridge, drug delivery agent, tissue 

engineering systems, dental materials and bioactive coating on metallic osseous implants (Sadat-Shojai et al., 

2013).  

 Bone is an unparalleled composite containing a collagenous hydrogel matrix. On a volumetric basis, it is 

include calcium phosphate (apatite minerals), organics, and water. In body temperature, in connection with body 

fluids, just two phases of calcium phosphates are stable which are: CaHPO4.2H2O with pH< 4.2 and HA 
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(Ca10(PO4)6(OH)2 with pH> 4.2. In terms of thermodynamic the only stable phase in the body, is HA (Raveh 

et al., 1984; Thamaraiselvi & Rajeswari, 2004).  

 However, the mechanical properties of HA is low in comparison with cortical bone (Egusa et al., 2008). As 

a result, incorporation of resistant oxide phase like carbone, titanium, cobalt-chromium alloys and zirconia have 

been added optimize biocompatibility and improve mechanical properties. One of the best materials that can 

mention it terms on low toxicity and high mechanical properties is zirconia (ZrO2). As a result, ZrO2 has been 

used, as biomaterial for medical application such as dental implants and is expected be a new bone restorative 

material (Kantana et al., 2013; Silva & Lameiras, 2000).  

 Natural hydroxyapatite bio ceramic is been extracted by normal calcinations of some bio wastes. 

Biologically derived natural materials such as bovine bones(Ozyegin et al., 2004), fish bones (Ozawa & Suzuki, 

2002), oyster shells (Wu et al., 2011), corals (Hu et al., 2001; Roy & Linnehan, 1974), and egg shells (Ho et al., 

2013) have been converted into useful biomaterials like HA. Moreover, extraction of HA from bio-waste is 

simple, economically and environmentally preferable (Barakat et al., 2009). The crystal size of HA powder has 

effected on the sinterability and enhanced densification, duo to greater surface area (Legeros, 1993).  

 As previously mentioned, the mechanical properties of HA is limited and, adding resistant oxide phase such 

as zirconia (ZrO2) was proposed to optimized biocompability and mechanical properties (Silva & Lameiras, 

2000). Studies showed that, zirconium and zirconium’s alloys have been subject of interest as medical implants. 

ZrO2 is a well known material which has good mechanical properties and great strength, low toxicity and lower 

magnetic susceptibility in comparison with titanium and titanium's alloys (Bozzini et al., 2011; Ooi et al., 2007). 

It is believed that this new implant with zirconia can be last much longer than the implant with cobalt 

chromium. Another important characteristic of this material is that it is biocompatible, meaning that people who 

have nickel allergies and cannot have implants made of cobalt chromium alloy (because of nickel which lead to 

allergic) can use the implant made from zirconia. These properties of Zirconium and Zirconium's alloys make it 

a good candidates for application in medical materials (Wang & Luo, 2012).  

 In this paper, HA/ZrO2 bio ceramic were fabricated from bovine bone in different zirconia sintering 

concentrations (0.0, 0.2, 0.4 and 0.8 weight %) to achieve the goal.  

 

Experimental and methods:  
 Bio ceramic Hydroxyapatite/Zirconia was prepared by milling technique, which has HA source from 

natural sources (bovine bone) and Zirconia supplied by China (Mainland) Trading Company (99% purity). The 

bones from thigh of caw were cut into smaller pieces, cleaned well, by moving the fats and meats. The pieces of 

bone were then boiled in water for 5 hours to remove all of remaining the tendons and fats. The bones then dried 

over night at 150 C, and then crashed to smaller pieces (micro size). The bones is then milled together with 

ZrO2 by high-energy milling for 1 hour to get nanosized sample. The amount of ZrO2 were varied to (0.0, 0.2, 

0.4 and 0.8 weight %). During the milling, process ethanol was used to prevent the agglomeration. The ZrO2 

/HA nano powder was pressed at 300 MPa into pellets for that can study the mechanical properties easily. The 

compacted bodies were sintered at the different temperatures 1150 C, 1200 C, 1250 C and1300 C for 2 h with 

the heating rate of 5 C/min.  

 The density of the sintered samples was determined by using the Archimedes method. The phase’s 

formation of the sintered samples were analyzed by X-ray diffraction technique (XRD). The micro structural of 

the samples have performed using a scanning electron microscope (SEM).  

 

RESULTS AND DISCUSSION 
 

 The effects of different sintering temperature on the density values of composites are presented in Fig 1. It 

shows that, the density of the HA/ZrO2 composite changes by changing the concentration of ZrO2. The density 

of the composite increased with small amount of additive content up to 0.2 weight% and then start to decreased 

with further increased ZrO2 concentration. It shows only at low amount of additive will give effect on the 

density of the composite. Many nano composites have same behavior (Evis, 2007). There are various 

mechanisms which may define to increase densification at 0.2 wt% ZrO2 addition such as, dissolution of ZrO2 in 

HA matrix, leading to the formation of a glassy phase (Evis, 2007; Kim et al., 2002), and ZrO2 acting as phase 

impurity in HA matrix thereby inhibiting the grain boundary mobility and increasing the pore mobility(Kim et 

al., 2002). 

 In terms on the Fig 1 in 0.2 weight % the optimum density was observed for the sample sintered at 1250 ºC 

(Table1). The higher ZrO2 content shows lower density, which was unexpected. This is probably because of 

mismatch between the different components leading to an inhibition of the sintering ability. The low-density 

value of composite materials could be attributed to decomposition of HA to form other calcium phosphate 

phases (α-TCP and ~TCP). Usually, it occurs when composite sintered at temperatures above 900°C (Hench et 

al., 1993). In addition, some other factors such as employed to mix the starting powders, the sintering schedule, 

sintering atmosphere and residue porosity may have effects on the density as well.  
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Fig. 1: Density of HA/ZrO2 composites with various ZrO2 weight percentage at different sintering temperatures/ 

1 hour milling.  

 
Table 1: Density of HA/ZrO2 composites at 1250oc/1 hour milling time. 

Name Composition Theoretical density (gcm3) 

F 0% ZrO2 3.121 

G 0.2% ZrO2 3.197 

H 0.4% ZrO2 3.189 

I 0.8% ZrO2 2.975 

 

 Fig 2 shows the XRD pattern of the sintered samples (0.0, 0.2, 0.4, 0.8 weight % of ZrO2). The main phase 

of all samples is HA, which shows that the host in the composite is HA. Good crystallinity of sintered composite 

is illustrated with the sharp diffraction peaks. Generally, the addition of ZrO2 increase the decomposition of HA 

into tri calcium phosphate (TCP) and calcium oxide (CaO). CaO can be incorporated into a ZrO2 crystal lattice 

to form a solid solution in the sintering process, and the decrease of Ca2+ ions because of this incorporation 

process causes the HA to decompose. This decomposition depends on the temperature as well (Ono & Tanaka, 

1987). However, minor phase of composite were considered beta-tri calcium phosphate (β-TCP) and alpha-tri 

calcium phosphate (α-TCP) phases. These minor phases are often detected in HA ceramics sintered at high 

temperatures, because of decomposition of HA in high temperature (Raksujarit et al., 2010). In addition, as 

predicted trace of ZrO2 phase was clearly observed in the XRD patterns for the 0.2 , 0.4 and 0.8 weight% of 

ZrO2 samples, for these composites. Typically, the formation of small amounts of β-TCP can intensify the 

bioactivity of materials (Kalita et al., 2004). The intensity of HA and (t-ZrO2) peaks increase and the peaks also 

become sharper with the increase in amount of ZrO2.It has indicated that crystallite size increases with 

increasing ZrO2 which is absorbed on 0.2 and 0.4 are more sharp peaks on XRD results, than 0.0 (no ZrO2 peak) 

and 0.8 weight % of ZrO2.  

 Scanning electron microscopy (SEM), micrographs of the sintered surface of HA/ZrO2 composite has 

shown in Fig 3. It was found that, the grain sizes of the composite with 0.2 and 0.4 weight % of ZrO2 were 

smaller compared to the composite without ZrO2 (0.0 weight % of ZrO2). Average values of grain size 

decreased. It is indicating that incorporation of ZO2 inhibits grain growth during sintering. By incorporation of 

ZrO2 into the HA structure, the number of surface grain boundaries per unit length of HA/ZrO
2
 increased with 

decreasing grain size, as expected. The number of grain boundaries per micrometer increased. It should be noted 

that the particles of ZrO2 were clearly observed for the 0.2 weight % sample. This result is consistent with the 

XRD examination. 

 
Fig.2: Phase evolution of HA-ZrO2 powder as a function of ZrO2 content,1 hour milling time. 
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Fig. 3: SEM photographs of the sample surface, containing ZrO2 for 0.0, 0.2, 0.4, and 0.8 weight percentage of 

ZrO2 at 1250
o
c,1 hour milling time.  

 

Conclusions:  
 In this study, HA/ZrO2 nano composites were prepared using bovine bone as source of HA and ZrO2 

powders using a ball milling machine. The sintering behavior of the composites was investigated by XRD was 

found consisted of HA, β-TCP α-TCP and ZrO2 phases. Adding the small amount of ZrO2 will improve the 

composite density. However, further addition of ZrO2 (beyond 0.2 weight %) will resulted in the decrease of 

density as well as the grain size. 
ACKNOWLEDGEMENT 

 

 This work was supported under the University Putra Malaysia. Special thanks to everyone who supported 

this project, especially staff in material characteristic lab and ITMA lab in University Putra Malaysia.  

 

REFERENCES 
 

Barakat, Nasser, A.M., Khil, Myung Seob, A.M. Omran, Sheikh, A. Faheem, Kim, Hak Yong, 2009. 

Extraction of pure natural hydroxyapatite from the bovine bones bio waste by three different methods. Journal 

of materials processing technology, 209(7): 3408-3415.  

Bozzini, Benedetto, Carlino, Paolo, Mele, Claudio, 2011. Electrochemical behaviour and surface 

characterisation of Zr exposed to an SBF solution containing glycine, in view of dental implant applications. 

Journal of Materials Science: Materials in Medicine, 22(1): 193-200.  

Chen, Liang, Mccrate, M. Joseph, Lee, C.M. James, Li, Hao, 2011. The role of surface charge on the uptake 

and biocompatibility of hydroxyapatite nanoparticles with osteoblast cells. Nanotechnology, 22(10): 105708.  

Egusa, Hiroshi, Ko, Nagakazu, Shimazu, Tsunetoshi, Yatani, Hirofumi, 2008. Suspected association of an 

allergic reaction with titanium dental implants: a clinical report. The Journal of prosthetic dentistry, 100(5): 

344-347.  

Evis, Zafer, 2007. Reactions in hydroxylapatite–zirconia composites. Ceramics international, 33(6): 987-

991.  

Gu, Y.W., K.A. Khor, P. Cheang, 2004. Bone-like apatite layer formation on hydroxyapatite prepared by 

spark plasma sintering (SPS). Biomaterials, 25(18): 4127-4134.  

Hench, L. Larry, Wilson, June, M. McLaren, D.E. Niesz, 1993. An introduction to bioceramics (Vol. 1): 

World Scientific Singapore.  

Ho, Wen-Fu, Hsu, Hsueh-Chuan, Hsu, Shih-Kuang, Hung, Chun-Wei, Wu, Shih-Ching, 2013. Calcium 

phosphate bioceramics synthesized from eggshell powders through a solid state reaction. Ceramics 

International, 39(6): 6467-6473.  

Hou, Chun-Han, Hou, Sheng-Mou, Hsueh, Yu-Sheng, Lin, Jinn, Wu, Hsi-Chin, Lin, Feng-Huei, 2009. 

The< i> in vivo</i> performance of biomagnetic hydroxyapatite nanoparticles in cancer hyperthermia therapy. 

Biomaterials, 30(23): 3956-3960.  

Hu, J., J.J. Russell, B. Ben-Nissan, R. Vago, 2001. Production and analysis of hydroxyapatite from 

Australian corals via hydrothermal process. Journal of materials science letters, 20(1): 85-87.  

Kalita, S.J., D. Rokusek, S. Bose, H.L. Hosick, A. Bandyopadhyay, 2004. Effects of 

MgO‐CaO‐P2O5‐Na2O‐based additives on mechanical and biological properties of hydroxyapatite. Journal of 

Biomedical Materials Research Part A, 71(1): 35-44.  



306                                                                    F. Mohamaddoost et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(15) Special 2014, Pages: 302-306 

 

Kantana, Winatsara, Jarupoom, Parkpoom, Pengpat, Kamonpan, Eitssayeam, Sukum, Tunkasiri, Tawee,  

Rujijanagul, Gobwute, 2013. Properties of hydroxyapatite/zirconium oxide nanocomposites. Ceramics 

International, 39: S379-S382.  

Kim, Hae-Won, Noh, Yoon-Jung, Koh, Young-Hag, Kim, Hyoun-Ee, Kim, Hyun-Man, 2002. Effect of 

CaF< sub> 2</sub> on densification and properties of hydroxyapatite–zirconia composites for biomedical 

applications. Biomaterials, 23(20): 4113-4121.  

Legeros, Racquel, Z., 1993. Biodegradation and bioresorption of calcium phosphate ceramics. Clinical 

materials, 14(1): 65-88.  

Li, Junjie, Yin, Yuji, Yao, Fanglian, Zhang, Lili, Yao, Kangde, 2008. Effect of nano-and micro-

hydroxyapatite/chitosan-gelatin network film on human gastric cancer cells. Materials Letters, 62(17): 3220-

3223.  

O'Hare, Peter, Meenan, J. Brian, Burke, A. George, Byrne, Greg, Dowling, Denis, Hunt, A. John, 2010. 

Biological responses to hydroxyapatite surfaces deposited via a co-incident microblasting technique. 

Biomaterials, 31(3): 515-522.  

Ono, Akira, Tanaka, Takaho, 1987. Preparation of Single Crystals of the Superconductor Ba2YCu3O6. 5+ 

x. Japanese journal of applied physics, 26(5A): L825.  

Ooi, C.Y., M. Hamdi, S. Ramesh, 2007. Properties of hydroxyapatite produced by annealing of bovine 

bone. Ceramics international, 33(7): 1171-1177.  

Ozawa, Masakuni, Suzuki, Suguru, 2002. Microstructural Development of Natural Hydroxyapatite 

Originated from Fish‐Bone Waste through Heat Treatment. Journal of the American Ceramic Society, 85(5): 

1315-1317.  

Ozyegin, L., Sevgi, Oktar, N. Faik, Goller, Gultekin, Kayali, E. Sabri, Yazici, Tokay, 2004. Plasma-sprayed 

bovine hydroxyapatite coatings. Materials Letters, 58(21): 2605-2609.  

Pramanik, Sumit, Agarwal, Avinash Kumar, K.N. Rai, 2005. Development of high strength hydroxyapatite 

for hard tissue replacement. Trends Biomater Artif Organs, 19(1): 46-51. 

Rabiei, Afsaneh, Blalock, Travis, Thomas, Brent, Cuomo, Jerry, Y. Yang, Ong, Joo, 2007. Microstructure, 

mechanical properties, and biological response to functionally graded HA coatings. Materials Science and 

Engineering: C, 27(3): 529-533.  

Raksujarit, A., K. Pengpat, G. Rujijanagul, T. Tunkasiri, 2010. Processing and properties of nanoporous 

hydroxyapatite ceramics. Materials & Design, 31(4): 1658-1660.  

Raveh, J., H. Stich, F. Sutter, R. Greiner, 1984. Use of the titanium-coated hollow screw and reconstruction 

plate system in bridging of lower jaw defects. Journal of Oral and Maxillofacial Surgery, 42(5): 281-294.  

Roy, Della, M., Linnehan, Sari Kurtossy, 1974. Hydroxyapatite formed from coral skeletal carbonate by 

hydrothermal exchange.  

Sadat-Shojai, Mehdi, Khorasani, Mohammad-Taghi, Dinpanah-Khoshdargi, Ehsan, Jamshidi, Ahmad, 

2013. Synthesis methods for nanosized hydroxyapatite with diverse structures. Acta biomaterialia, 9(8): 7591-

7621.  

Silva, V.V., F.S. Lameiras, 2000. Synthesis and characterization of composite powders of partially 

stabilized zirconia and hydroxyapatite. Materials characterization, 45(1): 51-59.  

Thamaraiselvi, T.V., S. Rajeswari, 2004. Biological evaluation of bioceramic materials-a review. Carbon, 

24(31): 172.  

Wang, Lu-Ning, Luo, Jing-Li, 2012. Electrochemical behaviour of anodic zirconium oxide nanotubes in 

simulated body fluid. Applied Surface Science, 258(10): 4830-4833.  

Wu, Shih-Ching, Hsu, Hsueh-Chuan, Wu, Yu-Ning, Ho, Wen-Fu, 2011. Hydroxyapatite synthesized from 

oyster shell powders by ball milling and heat treatment. Materials characterization, 62(12): 1180-1187.  

Wu, Shih-Ching, Tsou, Hsi-Kai, Hsu, Hsueh-Chuan, Hsu, Shih-Kuang, Liou, Shu-Ping, Ho, Wen-Fu, 2013. 

A hydrothermal synthesis of eggshell and fruit waste extract to produce nanosized hydroxyapatite. Ceramics 

International, 39(7): 8183-8188. 


