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ABSTRACT

HA is commonly applied to orthopaedic implants by thermal spraying. The thermal

soraying methods used inducedifferences, not only in the macroscopicand microscopic
propertiesd the coating, but also at the atomiclevd, which may compromisethelong
term stability of the coating. Three different thermal spray methodswereinvestigated
to determine the effect each would have on the final coating produced at the atomic
levd. The methodsinvestigated were flamespraying, plasmaspraying and high ve ocity
oxy-fud soraying. All three methods induced a distortion into the hydroxyapatite
gructure. The high veocdty method wasexpected to produce the highest distortion, but

thiswas not seen due to an anneding effect. Changeswere aso seen on the chemica

levdl and carbonate found in the precursor powders was removed as determined by
both X-ray diffraction (XRD) and Fourier Transform Infra Red spectroscopy (FTIR).

Furthermore, hydroxyl groups were removed during oraying, to form oxyapatite.

INTRODUCTION.

Hydroxyapatite(HA) has been established asa material for usein surgery [1,2] and
is commonly processed by thermal treatment. However, thermal processing has been
shown to induce changes in the structured HA [3]. Thermal soraying is currently a
commonly used method for coating prosthesesto produce cementless fixation. The
thermal oraying methods utilise high temperaturesand veocities, to give the desired
coding, but these vigorous conditions can induce sgnificant changes in the HA.
Microstructural andyss has shown that the thermal processing methods considerably
ater the morphology o the powder and XRD a0 has detected changesin the HA to
an amorphousstate, to give asemi-crystalline coating. However, XRD can detect more
subtle changesin the coatings, down to the atomic level, by Rietveld andyss. These
effects have previoudy been shown to be significant [3). The changesdetected may be
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used, not only to assess the chemicd qudity o the coating, but aso as a means o
optimising the coating process.

VATER ALS AND METHODS.

HA wassprayed by threedifferent techniques: flamespraying(FS), plaamaspraying
(APS) and high vdodity oxy fud (HVOF) spraying. The powders and variables used
are detailed in Table 1.

Table 1. Conditions used for producing coatings.

FS APS HVOF f
Gases Acetylene/ A'rgon/ Propylene/ ||

oxygen nitrogen oxygen I
‘Stand off distance (am) 10 10 10 t||
Power level (kW) 18 |
Torch type Terodyne Metco 3VIB | Jet KoteII 1
Powder particlesize (um) 10-40 30-80 10-40
Spraying velocity (ms™) 50-80 150-180 280-320
Spraying temperature (°C) 1800 2900 1700

Following coating, the HA was carefully removed from the substrate and andysed by
X-ray diffraction (XRD). A data set was collected between 5 and 110°28, using a step
szed 0.02° and asampletime d 12 seconds. CuKe radiation was used. The data st
was andysed usng Genera Structure AndysisSoftware. Samples were aso andysed
using a Nicolet 800 FTIR spectrometer.

RESULTS

When spraying a powder by therma methods, there are two main variablesin the
Foraying, namely the temperature and the veodity. The three different methods used
in this study were chosen to have markedly different temperaturesand velocities, to
highlight differences that the techniques may introduce. The first variable examined
wastheveoaty, whichwas measured indirectly by calculationd any physicd distortion
in the HA from the distortion o the PO, tetrahedra, as shown in Figure 1 The
precursor powders show a rdatively low distortion index o around 2 Following
Soraying, irrespective o method, this index increases. Considerationd the source of
the distortion leads to the conclusion that veodity is the mgor influencing factor.
However, the HV OF method, while having a significantly higher sprayingvdodity, does
not introduce the highest distortion. This result may be accounted for by the annedling
effect in the HVY OF method. The HV OF method hasa large heat zone, which extends
asfar asthe substrate. The substrateis heated and thusdistortionisannedled out. The
APS method however, has alocalised hegt zone and no annealing occurs, giving the
high distortion index.
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Figure 1. Changein distortion index using different thermal spray methods.
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Figure 2. Effect of spraying methods on the hydroxyl channel radius.



314  Bioceramics\olume8

Situated within the apatite structure, channels running parallel to the ’c’ axis are
seen and the radius o these channels may be measured, as shown in Figure 2. As
expected, a comparison of before and after soraying shows that the channelsshrink.
In order to determinewhy the channdsare shrinking, further analysiswas performed
for specific bonds associated with the hydroxyl channels (so designated, because the
hydroxyl groups reside within these channels). Measurement of the Ca(OH), bond
length revealsdg  cant changes following thermal spraying. The precursor powders
both show bond lengths of approximately24 A Followingspraying, thesebond lengths
dl drop to values o between 2.355 and 2.365 A. asignificant reductionin bond length.
Determination of the hydroxyl axygen occupancy (not detailed here) show a reduction
in occupancy from above 05 to vaues bdow 05. A vaue of 05 is expected when
hydroxyl groups occupy this site. If carbonate groups are located on this site, the
occupancy rises to a vaue above 0.5. However, if only oxygen is associated with the
site, the occupancy dropsto below 05. From the resultsobtained, it may be inferred
that carbonate is present in the precursor powder and is lost on therma spraying.
Furthermore, themfjorous conditionshave a soformed oxyapatite. In order to confirm
thisconcluson, FTIR andysswas carried out on both the precursor powdersand the
sprayed surfaces.
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Ca(2)-OH length (A)

Figure 3. Effect of different thermal spray methods on the Ca(OH), bond length.
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Figure 4. Infra red spectrafor HA, before (lower) and after (upper) flame spraying.

Labdledin Figure4 are the peaksdf interest, the hydroxyl peaksand the carbonate
peaks. It can be seen that the starting powder contains significant amounts of
carbonate in the structure. The hydroxyl peaks are also present in the starting powder
as expected. Following spraying, the carbonate peaks show a reduction in intensity,
indicating loss from the structure and furthermore, the hydroxyl peaks also show a
reduction in intengity. Figure 5, shows an FI'lR analysis of the precursor powder
before and after plasma spraying. This again shows a disappearance of both the
hydroxyl peaksand also lossdf the carbonate groups. Thus the FTIR results confirm
the conclusions drawn from the data cal culated from Rietveld andysis.

CONCLUSIONS.

Thethermal sprayinginducescons derablechangesin thestructured HA, detected
by XRD in conjunction with FI'IR. XRD andysisis able to detect subtle changesin
thestructured the sprayed HA, with distortioninduced by the extremdly high particle
velocities used. Small chemicd changeswere aso detected and confirmed by the use
o FI'IR andyds
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Figure5. Infra red spectrafor HA, before (lower) and after (upper) plasmaspraying.
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