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Abstract. Functionally graded hydroxyapatite (HAP) /F-75 was fabricated using powder metallurgy
technique. Samples fabricated were tested inside 0.9% NaCl to check their bioactivity reaction.
After immersed, samples were analyzed using Fourier Transform Infrared (FTIR) and mass change.
Result showed that mass gain decreased as the percentage of HAP in the intermediate layer
increased. Mass gain obtained after immersion test because of the passive layer formation on the F-
75 surface. Dissolution of HAP was occurred as the FTIR analysis detected the existence of
phosphate, and hydroxide ions bands inside the solution. The dissolution process is the part of the
mechanism of apatite formation. The apatite layer formation is important to encourage the
formation of new bone.

Introduction

Hydroxyapatite (HAP) is a well recognized material for fabricating bones implant because of its
similarity in chemical and biological to the natural human bones. Moreover, HAP has direct
bonding capability to the human bones. This type of bonding can avoid the interfacial failure and
loosening of the implant [1-2]. However, HAP has low load bearing properties. Metallic implant
such as F-75 (Co-Cr-Mo) alloy, is highly resistance to corrosion and also has high strength. The
combination of both HAP and F-75 can reach the properties needed as a good bioactive implant [3-
4]. A functionally graded material (FGM) is one of the materials that combine the advantage of
ceramic and metallic materials together. Stress concentration, micro cracking and delamination are
possible consequences of the failure in FGM [5]. When a metallic implant is used, corrosion
definitely is a great concern and adverse effects like allergy, inflammation and toxicity need to be
avoided either immediately after surgery or under post operative condition [6]. Because of the
importance of corrosion resistance, in-vitro test is a must for implant. Normal physical body
solution 0.9% NaCl, Ringer’s solution and SBF solution are the most common solution used by
researchers for in vitro test [7-8]. No literature available currently on the topic of in-vitro bioactivity
of functionally graded HAP/F-75. This paper presents the syntheses and in-vitro bioactivity of
functionally graded HAP/F-75.

Experimental Method

Co-Cr-Mo (F-75) and HAP powders were used to fabricate the FGMs. The powders were weighed
in the designed ratio and mixed mechanically using a roll mill for enough time to make them
homogeneous. The mixed powders were stacked layer by layer in a die according to the pre-
designed composition as illustrated in Figure 1.
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Fig. 1: Schematic diagram of composition arrangement layer in each sample

A single punch hydraulic compaction press was used to compact the loose powder into green
compact. The samples were all compacted at 500 MPa and then sintered using a tube furnace with a
flowing of argon atmosphere. The samples were sintered at 1250°C for 60 minutes using 10°C/min
of heating rate and 6°C/min of cooling rate. Sintered samples were then grinded and polished to
remove oxide layer on the surface before immersed in the 0.9% NaCl for 7 weeks. The samples
were weighed before and after the immersion test to compute the mass gain or mass loss. FTIR
analysis in the transmittance mode was done for functional groups identification of 0.9% NaCl
solution after the immersion. This FTIR analysis was carried out in the range of 4000 cm ™ to 650

cm™.

Results and discussion

Fig. 2 shows mass gain value of the samples after immersion test in saline solution 0.9% NaCl.
Mass gain decreases with the increasing of HAP in the intermediate layer. Sample F has the lowest
mass gain compare to the other samples while the highest mass gain is indicated by sample A. This
result is due to the dissolution of HAP in the 0.9% NaCl solutions. Since sample F has the highest
content of HAP, the dissolution will be the highest among all samples. According to Cai [9], HAP
will dissolve and release Ca®" after immersion test inside 0.9% NaCl solution.

However at the same time, on the F-75 layer, the formation of passive layer occurs due to the
existence of Cr which is tend to bound with oxygen to create chromium oxide. Chromium will
create a thin layer of Cr,Os because of its affinity of oxygen compare to cobalt and molybdenum.
The formation of chromium oxide is good for wear resistance and also corrosion resistance. For
cobalt based alloys, it will be enriched with Cr,Os. This passive film is typically a few nanometres
and acts as a highly protective barrier between the metal surface and the aggressiveness of
biological environment [10]. This result is aligned with Hoeppner and Arriscorreta [11] who
reported that the formation of oxide film can cause gain in weight.
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Fig. 2 : Mass gain in mg/cm” for samples A, B, C, D, E and F after 48 and 1152 hours
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Fig. 3 shows the mass gain of 100wt% F-75 is 6.7737mg/cm” while the dissolution of 100wt%
HAP is 0.7936mg/cm? after 1152 hours of immersion. Through the values of mass gain and mass
loss, it is indicated that the formation rate of the Cr,Os5 is higher compare to the dissolution of HAP.
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Fig. 3: Mass changes of 100wt% F-75 and 100wt% HAP after 1152 hours

FTIR spectra of the solution after immersion test are illustrated in Fig. 4 and Fig. 5. During
immersion of the samples in 0.9% NaCl, there will be an exchange of ions from the surface of the
samples into the solution. Solution taken after immersion of the samples A and F shows a weak
band of PO,’” which can be detected at 1046.18cm™ wavelength with nearly 101.5% transmittance.
This suggests that the immersion process leads to the dissolution of phosphate ions from FG
HAP/F-75 surface. In addition, the spectrum also shows the presence of broad band at 1218.19 cm™
which indicates the presence of HPO4>". The immersion study of hydroxyapatite in the 0.9% NaCl
has also been investigated by Cai [12] and Ueda [13]. According to them, calcium and phosphate
ions will dissolve into NaCl solution during the immersion process. The most intensive band at
3262.09 cm™ was assigned to OH stretching ions. OH also can be detected at 1693.60 cm™. OH
may come from the anodic reaction of the metal oxidation and also from the dissolution of HAP.
The dissolution of PO,>~ and OH can be derived from the Eq. 1,2 and 3.

Caio(PO4)s(OH)* >10Ca*"+ 6PO,~ + 20H " (1)
2Ca0+2H,0—2Ca>"+40H ~ )
HPO, > —H'+P0O,*" 3)

The dissolution of Ca** and PO, contributes to the decreasing of weight gain for the samples
when increasing HAP composition. Sample F has the lowest mass gain among all of the samples
because it composes the highest percentage of HAP, so the dissolution of sample F is the highest.
Meanwhile the formation of passive layer Cr,O3 on the F-75 surface can be explained through Eq. 4
and Eq. 5.

MM +2¢ (4)
0,+2H,0+4e — 40H ~ Q)

The band of OH ~ appears broader for sample A which has 25wt% HAP and 75wt% F-75 in the
intermediate layer compare to sample F which has 75wt% HAP and 25wt% F-75. It indicates that
higher percentage of F-75 produces larger amount of OH ~ ions. The HPO4* band between 1200
and 1400 cm™ also appears slightly different between the two samples. However, no large variation
is observed in both solutions immersed with sample A and sample F. The combination of
dissolution and re-precipitation is found to be the mechanism of apatite formation. The apatite layer
formation is expected to encourage the formation of new bone [14].
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Fig. 4 : FTIR spectrum for 0.9% NaCl solution immersed with sample A
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Fig. 5 : FTIR spectrum for 0.9% NaCl solution immersed with sample F

Conclusion

Sample with the highest percentage of HAP in the intermediate layer has the lowest mass gain
compare to the others after the immersion test. Formation of chromium oxide on the samples
surface contributes to the mass gain results after immersion test. FTIR analysis shows the presence
of phosphate and hydroxide in the test solution indicating hydroxyapatite has dissolved into the
solution.
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