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Abstract: HA/316L stainless steel(316L SS) biocomposites were prepared by hot-pressing technique. The formation of bone-like 
apatite on the biocomposite surfaces in simulated body fluid(SBF) was analyzed by digital pH meter, plasma emission spectrometer, 
scanning electron microscope(SEM) and energy dispersive X-ray energy spectrometer(EDX). The results indicate that the pH value 
in SBF varies slightly during the immersion. It is a dynamic process of dissolution-precipitation for the formation of apatite on the 
surface. With prolonging immersion time, Ca and P ion concentrations increase gradually, and then approach equilibrium. The 
bone-like apatite layer forms on the composites surface, which possesses benign bioactivity and favorable biocompatibility and 
achieves osseointegration, and can provide firm fixation between HA60/316L SS composite implants and human body bone. 
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1 Introduction 
 

Hydroxyapatite(HA, Ca10(PO4)6(OH)2) is a familiar 
bioactive material and has excellent properties such as 
bioactivity, biocompatibility and ability to induce bone 
tissue growth. After implanation into the body, HA can 
form strong chemical bonds with natural bone and to 
promote new bone growth because of its similar 
chemical and mineralogical composition and 
crystallographic structure to apatite of human body living 
bone[1−2]. However, HA suffers from its brittleness and 
relatively poor mechanical properties, which impede its 
clinical use as long term load-bearing applications[3]. 
316L stainless steel (316L SS) is the most popular 
surgical metal material as load-bearing implant because 
of its excellent biocompatibility and favorable mechanical 
properties[4−6]. However, 316L SS is an inert material, 
which cannot form strong chemical bonds with natural 
bone. Therefore, biocomposites containing both 
bioactive materials and metals, such as 316 SS and 316L 
SS, are expected to have more broad practical applications 
than bioactive coatings because each material can 
compensate for the disadvantages of the other. 

RODRIGUEZ et al[7] investigated the in vitro 
bioactivity assessment of the coatings on 316L SS. LIN 
et al[8] studied the bone-like apatite layer formed on the 
316L SS fiber. The results showed that the composition 
of apatite was Ca and P, and the Ca/P ratio was similar to 
that of human body bone. BALAMURUGAN et al[9] 
investigated the crystallinity, microstructure and 
morphology of the hydroxyapatite coatings. The results 
revealed that the formation of hydroxyapatite coating 
was appropriate for extensive biomedical applications of 
316L SS. The biocomposites containing both HA and 
316L SS are mechanically stronger and tougher than HA, 
which can cater for the load-bearing implants[10−11]. 
Consequently, it is significant to investigate the 
bioactivity of the HA/316L SS biocomposites. 

Bioactivity, as an important factor for evaluating the 
properties of biomaterials, is the ability to form the 
chemical bonds between biomaterials and human body 
living bone tissue. The formation of bone-like apatite or 
Ca/P layer was regarded as an essential factor for 
biomaterials with bioactivity[12−15]. In the present 
work, the simulated body fluid(SBF) was used to 
evaluate the in vitro bioactivity of HA/316L SS 
biocomposites. The biocomposite containing 60% HA 
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(volume fraction) and 40% 316L SS(HA60/316L SS) 
was used to investigate the bone-like apatite formation 
on HA/316L SS biocomposite surfaces in SBF because 
of favorable mechanical properties and appropriate 
biological performance. 
 
2 Experimental 
 
2.1 Preparation of biocomposites 

The biocomposites using HA and 316L SS as 
starting materials were fabricated by hot-pressing 
technique[16−17]. The biocomposite samples with a size 
of 10 mm×5 mm×2 mm were prepared by line-incision 
technology. The samples as prepared were polished by 
rough sand-paper and rinsed ultrasonically in acetone, 
absolute alcohol and deionized water in turn for several 
times. Finally, they were dried in an oven at 80 ℃ for  
12 h. The samples treated for investigation in SBF were 
obtained. 
 
2.2 Preparation of SBF 

KOKUBO et al[18] investigated the in vitro 
bioactivity of biocomposites using SBF. The results were 
well consistent with those in vivo. At the present time, 
SBF is a standard method by which the bioactivity of 
biomaterials is investigated. In the present work, SBF, of 
which chemical components are similar to the inorganic 
mineral ions of human blood plasma and of which ion 
concentrations are also similar to those of human blood 
plasma, was prepared (as listed in Table 1). 

The special preparation process of SBF was as 
follows. The solution was prepared by dissolving 
reagent-grade sodium chloride (NaCl, 7.995 g), 
potassium chloride (KCl, 0.224 g), calcium chloride 
dihydrate (CaCl2·2H2O, 0.277 g), magnesium chloride 
hexahydrate (MgCl2·6H2O, 0.305 g), sodium hydrogen 
carbonate (NaHCO3, 0.353 g), dipotassium hydrogen 
phosphate trihydrate (K2HPO4·3H2O, 0.228 g), sodium 
sulphate (Na2SO4, 0.071 g) in deionized water. Then the 
solution above was buffered to physiological pH7.33 at 
37 ℃ by both hydrochloric acid (HCl) and tris- 
(hydroxymethyl)-aminomethane ((CH2OH)3CNH2)[19]. 
The pH value of SBF as obtained was similar to that of 
human blood plasma. 
 
2.3 In vitro test 

The HA/316L SS biocomposite samples were 
immersed into SBF(placed in 100 mL conical flask) for 

in vitro test. The conical flasks were sealed and then 
incubated in constant temperature water bath for 1, 4, 7 
and 14 d at (37±1) ℃, respectively. The specimens were 
taken out from SBF, and rinsed with acetone, absolute 
alcohol and deionized water in turn for several times so 
that the surface reaction was prevented and the residual 
elements on the surface were removed. Finally, the 
treated specimens were maintained at 40 ℃for 5 h in an 
oven. 
 
2.4 Analysis and characterization 

The tests of pH value of SBF were obtained by 
pHS−25C digital pH meter(Shanghai LI DA Instrument 
Factory, China). 

Ca and P ion concentrations in SBF after removing 
the biocomposites from SBF were performed on IRIS 
advantage 1000 plasma emission spectrometer. 

The surface morphologies were observed using 
scanning electron microscope(model KYKY2800 from 
JEOL Company). 

The energy dispersive X-ray energy spectroscope 
(EDX) (model Finder 1000) was used to analyze the 
element composition and element content of microregion 
on the biocomposite surfaces. 
 
3 Results and discussion 
 
3.1 Analysis of pH value of SBF 

Fig.1 shows the influences of the immersion time 
(from 0 d to 14 d) of HA60/316L SS biocomposites in 
SBF on the pH value of SBF. It can be seen that the pH 
value was 7.33 before immersion in SBF, which is 
similar to that of human blood plasma. The pH value of 
SBF increases slightly as the immersion time increases 
during early stage. The initial increase of pH value 
results from the accumulation of OH− on the 
biocomposite surfaces. Then the pH value reaches its 
maximum (approximately 7.55) at the 7th day, which is a 
little higher than the normal value of human blood 
plasma but it does not do harm to human body. However, 
with further prolonging immersion time, the pH value 
decreases gradually. After immersion for 14 d, the pH 
value of SBF becomes 7.4 which is equivalent to the 
normal value of human blood plasma. 

When HA60/316L SS biocomposites were 
immersed in SBF, Ca ions in SBF were received by   
the dissolving of composite surfaces; and then OH− was  

 
Table 1 Ion concentrations of SBF and human blood plasma(mmol/L) 

Sample Na+ K+ Ca2+ Mg2+ HCO3
− Cl− HPO4

2− SO4
2− 

Blood plasma 142.0 5.0 2.5 1.5 27.0 103.0 1.0 0.5 

SBF 142.0 5.0 2.5 1.5 4.2 147.8 1.0 0.5 
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Fig.1 Effects of immersion time of HA60/316L SS 
biocomposites in SBF on pH value of SBF 
 
accumulated gradually because of the exchange of Ca2+ 
and H+, which results in the increase of pH value. The 
accumulation of OH− on the surface is believed 
necessary for apatite nucleation[20]. It is a dynamic 
process for apatite formation on the composite surfaces 
that the material surfaces are dissolved firstly and then 
the apatite layers are formed on the surfaces. As Ca and P 
ion concentrations reach their maximum, the pH value 
increases to its maximum correspondingly. According to 
Ref.[21], Ca-P compounds were precipitated 
spontaneously when the pH value of the physiological 
solution was over 7.4. During the late stage, Ca and P 
ions are consumed largely due to the formation of 
abundant apatite; and simultaneously, OH− is consumed 
correspondingly. Thus, the pH value of SBF decreases. 
When the equilibrium of dissolution and precipitation is 
achieved, the pH value becomes invariable. 
 
3.2 Testing of concentrations of Ca and P ions in SBF 

Changes of Ca and P ion concentrations with 
immersion time(from 0 to 14 d) of HA60/316L SS 
biocomposites in SBF are shown in Fig.2. 

It is a dynamic process for the formation and growth 
of apatite on the HA60/316L SS biocomposite surfaces, 
in which the material surfaces are dissolved firstly and 
then the apatite layers are precipitated on the surfaces. 
The formation of apatite in SBF is 
 
10Ca2++(6−x)PO4

3−+2OH−+xCO3
2−→ 

Ca10(PO4)6−x(CO3)x(OH)2                    (1) 
 

On one hand, the dissolving of the surface layer 
makes the Ca ion concentration in SBF increase. On the 
other hand, Ca ions and P ions are consumed because of 
nucleation and growth of apatite. During early stage, the 
dissolving rate of Ca ions on the surface outclasses the 
precipitation rate. With prolonging immersion time, the 

 

 
Fig.2 Changes of Ca and P ion concentrations with immersion 
time of HA60/316L SS biocomposites in SBF: (a) Ca ion con- 
centration; (b) P ion concentration 
 
dissolving rate and the precipitation rate of Ca ions in 
SBF approach equilibrium, so the increase of Ca ion 
concentration becomes slower and slower (Fig.2(a)). 
However, the P ion concentration decreases in some sort 
during early stage, which indicates that the precipitation 
rate of P ions in SBF is higher than the dissolving rate 
because of being effected by the dissolving of Ca ions. 
During late stage, the P ion concentration increases 
continuously due to dissolving of P ions on the surface 
(Fig.2(b)). 
 
3.3 SEM characterization and component analysis 

Fig.3 shows the surface morphologies of HA60/ 
316L SS biocomposites after immersion in SBF for 
various periods of time. EDX spectra of HA60/316L SS 
biocomposites after soaking in SBF for various periods 
of time are shown in Fig.4. 

After soaking for 1 d in SBF for HA60/316L SS 
biocomposites, there are leaf-like apatite crystals on the 
surfaces of HA60/316L SS biocomposites (inset in 
Fig.3(a)) and the crystals develop spherical particles 
gradually (Fig.3(a)). With prolonging immersion time, 
the spherical particles accumulate continuously and the 
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Fig.3 Surface morphologies of HA60/316L SS biocomposites after soaking in SBF for various periods of time: (a) 1 d; (b) 4 d; (c) 7 
d; (d) 14 d 
 
whole surface is covered with apatite layer, what is more, 
the layer becomes thicker and thicker increasingly. 
During the late immersion time, no leaf-like apatite 
crystal is seen on the surfaces even in the newly 
precipitated apatite crystals(Figs.3(b)−(d)). 

According to the mechanics of formation of 
bone-like apatite[22−23], in the initial immersion in SBF, 
Ca and P ions on the biocomposite surfaces are dissolved 
into SBF; however, the supersaturation of Ca and P ions 
is low. Therefore, the apatite layer is nucleated where the 
local ion concentrations are high comparatively and few 
crystal nuclei are formed (Figs.3(a) and (b)). The crystal 
nuclei adsorb the ions from their own surrounding 
environment and develop in their growth process. 
Because the adsorption on the biocomposite surfaces 
competes with each other, the growth way of apatite is 
preferential orientation. All these lead to the formation of 
leaf-like apatite in the initial stage of immersion. But as 
the immersion time prolongs, more and more Ca and P 
ions in SBF are dissolved and the growth of apatite is out 
of restriction gradually. At the co-effect of surface 
tension and adhesion force around crystals and the 
lowest energy principle, the spherical apatite particles are 
obtained. With further prolonging immersion time, Ca 
and P ion concentrations continue to increase and the 
nucleation on surface becomes much rapid. Therefore, 
the preferential orientation of crystal growth disappears, 
and the leaf-like crystals are transited to polycrystals, 
namely, it is polycrystal nucleation mechanism during 
the late stage and the leaf-like crystals cannot be 
observed in the late stage of immersion[24−25]. Thus, it 

can be seen that existence of local Ca and P ion 
concentrations is not only important because of apatite 
formation but also a key factor with relation to crystal 
morphology. 

The EDX spectrum in Fig.4(a) shows that the 
dominating elements on the biocomposite surfaces are 
Ca, P, Fe, Cr and Ni after immersion in SBF. With 
prolonging immersion time, Fe, Cr and Ni on the surface 
decrease gradually before 7 d. The content of 316L SS is 
scarcely observed on the surface and only Ca and P can 
be examined on the biocomposite surfaces after 
immersion for 14 d (Figs.4(b)−(d)). It reveals that the 
apatite layer containing rich Ca and P on the 
biocomposite surfaces is formed. However, the apatite 
layer as formed on the biocomposite surfaces is different 
from the HA of biocomposites. Based on the calculation 
results of EDX spectra in Figs.4(a)−(d), the ratio of Ca 
and P is small (only 0.95) for 1 d immersion in SBF 
because of the influence of the substrate materials. The 
ratio of Ca and P increases with prolonging immersion 
time and it maintains a constant, about 1.5, when the 
thickness of apatite layer increases to a certain extent. 
The gained maximal ratio is lower than the theoretical 
value (1.67), which shows that the newly formed apatite 
layer is a Ca-deficient apatite layer that is consistent with 
the properties of bone-like apatite[26] and with no 
relation to the substrate. That is to say, the Ca-deficient 
apatite is bone-like apatite. The formation of such 
bone-like apatite eventually achieves osseointegration. 
Osseointegration provides firm fixation between 
HA60/316L SS biocomposite implants and human body 
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Fig.4 EDX spectra of HA60/316L SS biocomposites after soaking in SBF for various periods of time: (a) 1 d; (b) 4 d; (c) 7 d; (d) 14 d 
 
bone[27]. Accordingly, HA60/316L SS biocomposites 
are those which possess benign bioactivity and favorable 
biocompatibility and accord with the requirement of 
bioactivity and biocompatibility for biomedical 
materials. 

The analysis results above indicate that the 
bioactive bone-like apatite can be formed on the 
biocomposite surfaces during the immersion in SBF. 
Therefore, the prepared HA/316L SS biocomposites are 
bioactive materials for biomedical applications. 
 
4 Conclusions 
 

1) The apatite layer formation on the surface of 
HA/316L SS biocomposites is investigated by SEM and 
EDX for the analysis of components and ion 

concentrations of apatite layers. The results show that the 
Ca-deficient apatite is bone-like apatite with excellent 
bioactivity. 

2) The HA/316L SS biocomposites are excellent 
bioactive materials and possess promising applications as 
biomedical materials. 
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