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Abstract 
Hydroxyapatite is used to increase the bio-compatibility of the metallic implant. Thermal decomposition of 
hydroxyapatite in plasma spray form non-apatite phase like tri-calcium phosphate and calcium oxide.  
In the present study, hydroxyapatite coating was developed on 316L SS femoral hip stem by plasma spray. 
The resultant coating was analyzed for surface morphology by scanning electron microscope (SEM) and 
X-ray diffraction (XRD) study was carried out for plasma sprayed hydroxyapatite powder before and after 
alkali treatment. Coating strength was measured by indigenously developed testing system Micro-porus, 
dense and crack free coating was seen under SEM. X-ray diffraction study showed that after the alkali 
treatment hydroxyapatite became more amorphous but peaks for tri-calcium phosphate and calcium oxide 
were disappeared. Adhesion strength was found to be 17 MPa.  
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Introduction 
Metallic materials such as 316L SS, Ti and its alloys and 
Co-Cr alloys are commonly employed as orthopedic 
implants because of their high strength (compared to 
polymers) and high toughness (compared to ceramic 
materials) (Breme and Helsen, 1998). Hydroxyapatite 
has been used to coat the femoral stem of hip prosthesis 
to promote osteo-integration and has been associated 
with improved long term performance (Sun et al., 2003). 
Plasma spray is the only process which is clinically used 
at present. Plasma sprayed hydroxyapatite coatings bear 
good mechanical properties (Willmann, 1999). Plasma 
spraying is a kind of thermal spraying, in which powder 
particles of metallic or non-metallic materials are 
deposited in a molten or semi-molten state on a 
substrate. In this technique, however, hydroxyapatite is 
momentarily heated to above 10,000C and partially 
molten particles are deposited on metallic substrates 
(Abe et al., 1990). At high temperature, decomposition of 
hydroxyapatite can lead to form calcium oxide and a 
mixture of crystalline and amorphous phases, especially 
tricalcium phosphate (TCP) and tetracalcium phosphate 
(TTCP) (Carayon and Lacout, 2003).  
 
Calcium oxide in the coating is particularly harmful, since 
a hydration reaction which occurs during storage or after 
implantation in vivo transforms CaO into Ca(OH)2, with a 
50% volume increase, resulting in considerable internal 
strains and cracks, especially if the calcium oxide is at a 
high amount in the coating (Gross and Berndt, 1998).  
In present study, hydroxyapatite was deposited on 316L 
SS plasma spray process. The X-ray diffraction study of 
hydroxyapatite coating was carried out before and after 
alkali treatment.   
 

Materials and methods 
Experimental design: The substrate 316L SS implant 
was grit blasted by alumina oxide ball prior to plasma 
spraying. Argon was selected as both the primary 
plasma forming gas and the powder carrier gas.  
This was selected as it is an inert gas that does not react 
with hydroxyapatite. Hydroxyapatite (supplied by Plasma 
biotal, USA) coating was developed with mentioned 
parameters in Table 1. 
 

 
Plasma sprayed hydroxyapatite coated sample was 
analyzed for SEM to evaluate coating morphology and 
XRD was used to study the effect of alkali treatment and 
adhesion test for coating strength. Plasma sprayed 
hydroxyapatite powder was scratched out from metal. 
Half of the hydroxyapatite powder was analyzed for XRD 
and half of the hydroxyapatite powder was treated with  
1 N sodium hydroxide at 80C for 24 h. Then finally 
washed with distilled water and dried. The source of  
X-rays used was of the Copper Kα wavelength 1.54056  
x 10-10 m, the scan is taken between 2Ѳ of 10 and 2Ѳ of 
50 at increments of 0.05 with a count time of 0.02 sec 
for each step. The bonding strength of the hydroxyapatite 
coating on femoral hip stem was measured by 
indigenously developed testing system. 0.5 cm2 area of 
the hydroxyapatite coating was glued on to glued onto 
the bare metal side with epoxy resin and then cured at a 
110C in the oven for 24 h; to be ready-to-pull sample.  

Table 1. Coatings parameters employed for plasma spray. 
Main gas pressure (Ar) 345 Kpa 
Arc current  800 A 
Arc voltage 32-35 V 
Powder feed rate (g/min) 5 g 
Spray distance 130 mm 
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Pan was attached to bare metal using steel wire and 
hydroxyapatite coated sample was held fixed to wall 
using steel wire. In testing, the sand beads were added 
in pan continuously till the coating pull out from metal 
(Fig. 1). The amount of sand was weighed that was 
accountable for coating failure. 
 

Fig.1. Hydroxyapatite coated femoral hip stems. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Results and discussion 
Under SEM, micro-porous structure was seen at 1000 X 
and 2000 X. Inter connected micro-porosity was seen at 
high magnification. Dense and cracks free coating was 
observed throughout the surface (Fig. 2). Average  
5 micron particle size was evaluated. Microporus 
structure of hydroxyapatite coating can accelerate the 
bone-in growth (Hae-Won et al., 2003). Figure 3 shows 
XRD patterns of plasma sprayed hydroxyapatite powder. 
Most of the peaks obtained for hydroxyapatite with high 
intensity. High intensity possesses good crystallinity of 
the material. Some peaks also observed for tri-calcium 
phosphate and calcium oxide due to thermal 
decomposition of hydroxyapatite. Figure 4 shows XRD 
patterns of sodium hydroxide treated hydroxyapatite. 
Peaks for tri-calcium phosphate disappeared in spectra; 
indicate the phase conversion of tri-calcium phosphate in 
to hydroxyapatite. From the XRD spectra, it can be seen 
that sharp peaks for hydroxyapatite became broadened. 
The hydroxyapatite powder became more amorphous 
after alkali treatment.  
 
 
 

 

(1) (2)

(3) (4)

Fig. 2. SEM images of micro-porous structure at (1) 330 X (2) 500 X (3) 2000 x (4) 1000 x. 
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Fig.3. XRD patterns for plasma sprayed hydroxyapatite powder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.4. Alkali treated plasma sprayed hydroxyapatite powder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Plasma sprayed hydroxyapatite coating without alkaline 
treatment was highly crystalline and most of the peaks 
were with JCPDS#9-432. The XRD result showed that 
alkali treatment has disappeared non-apatite phase like 
calcium oxide and tri-calcium phosphate.  
More amorphous broad humps obtained between  
35º-50º, 2-theta angles, they do not correspond to any of 
the reported calcium phosphates. Total weight of sand 
beads was 85 kg for 0.5 cm2. Approximate 170 kg/cm2 

was required to coating peeling-off value. So, the tensile 
strength 17 MPa was evaluated for hydroxyapatite 
coating (1MPa = 10 kg/cm2). The hydroxyapatite coating 
provide bioactive surface on 316L SS implant and 
increase the interconnectivity between bone and 
surrounding tissue (Yoshiki, 2010). So, it is important that 
the coating strength should be sufficient high to with 
stand between bone and its surrounding tissue. Our 
mechanical experiment indicated that coating strength is 
more than 15 MPa, accomplish the As per ASTM  
F-1147. 
 
Conclusion 
Hydroxyapatite coating was successfully deposited on 
316L SS using plasma spray. The micro-structural 
morphology, x-ray diffraction and adhesion properties of 
the coatings were investigated in the present work.  
The results of XRD studies showed that alkali treatment 
can change non-apatite phase like calcium oxide and  
tri-calcium phosphate to hydroxyapatite but it decrease 
the crystallinity of hydroxyapatite.  
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