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Effect of Heat Treatment Temperature on Chemical
Compositions of Extracted Hydroxyapatite
from Bovine Bone Ash
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This article presents the effect of heat treating temperature on chemical composition of hydroxyapatite
(HA) that was produced by burning bovine bone, and then heat treating the obtained bone ash at different
temperatures in range of 600-1100 °C in air. Bone ash and the resulting white powder from heat treating
were characterized by Fourier transformed infrared spectroscopy (FT-IR) and x-ray diffractometry (XRD).
The FT-IR spectra confirmed that heat treating of bone ash at temperature of 800 °C removed the total of
organic substances. x-ray diffraction analysis showed that the white powder was HA and HA was the only
crystalline phase indicated in heat treating product. x-ray fluorescence analyses revealed that calcium and
phosphorous were the main elements and magnesium and sodium were minor impurities of produced
powder at 800 °C. The results of the energy dispersive x-ray analysis showed that Ca/P ratio in produced
HA varies in range of 1.46-2.01. The resulting material was found to be thermally stable up to 1100 °C.
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1. Introduction

Bones consist of organic (30%) and inorganic compounds
(70%). Mineral parts of bones provide their stiffness and proper
mechanical properties. Biological apatites are the components
of bones and also pathological tissue (urolith, tooth scale, and
mineralized soft tissue) (Ref 1-3). Those apatites are nonsto-
ichiometric; in enamel and dentine, the Ca/P molar ratio
exceeds 1.67. Due to its chemical and structural similarities to
bone minerals, HA is a promising candidate for bone substi-
tutes. HA is not only a biocompatible, osteoconductive,
nontoxic, noninflammatory, and nonimmunogenic agent but
also is bioactive, i.e., it has got the ability to form a direct
chemical bond with living tissues (Ref 4, 5).

It is the most commonly used calcium phosphate in
orthopedics as it is osteoconductive (Ref 6). Its production
has been well reported (Ref 7-10). There are different methods
for synthesis of HA which include precipitation (Ref 11, 12),
hydrolysis (Ref 13, 14), and hydrothermal synthesis (Ref 15,
16).

An alternative method for preparation of HA can be its
extraction from natural resources. There are a few methods of
extracting HA from animal bones: thermal decomposition,
subcritical water process, and alkaline hydrolysis (Ref 5, 17). In
the research, we applied pork bones after acid hydrolysis. The
chemical treatment was carried out using a mild agent, i.e., a
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solution of lactic acid, and soft conditions, i.e., a temperature of
125-135 °C and the pressure of 0.26-0.30 MPa. Contrary to
alkaline hydrolysis, this method eliminates the problem of
hazardous alkaline waste management. The final product of the
hydrolysis process using lactic acid is apart from bone sludge
used for HA extraction, a protein hydrolysate of high purity
used in food industry (Ref 18).

In fact, some researchers have attempted to synthesis HA
from biological materials. Corals (Ref 19), eggshells (Ref 20,
21), and ostrich eggshells (Ref 22) have also been utilized to
produce HA or used as a bone substitute. The main constituent
of an eggshell is calcium carbonate (94%) and calcium
phosphate (1%). It also has 4% organic compounds and 1%
magnesium carbonate. By heating eggshells at 900 °C for 2 h,
Rivera et al. (Ref 20) converted the calcium carbonate content
of eggshells into calcium oxide via the following equation:

(Eq 1)

Then they added the calcium oxide obtained from eggshells
to a tricalcium phosphate solution and heated the mixture to
1050 °C for 3 h to produce HA, according to:

CaCO; — CO, + CaO

3Ca; (PO4)2+CaO + H,0 — Calo(PO4)6(OH)2 (Eq 2)

Krishna et al. (Ref 21) modified the above process using a
microwave oven to produce nanocrystalline HA from egg-
shells. A group of Korean scientists synthesized calcium
phosphate powders from cuttlefish bone (Ref 22). Their pro-
cess was partly similar to the work reported by Rivera et al.
(Ref 20) and produced CaO by burning cuttlefish bone.
Another process for preparation of HA and other calcium
phosphate materials for biomedical applications can be their
extraction from bone, since HA is the main inorganic constit-
uent of natural bone. Hydrothermal synthesis of HA from
bovine bone has been reported by Jinawath et al. (Ref 23). In
their extensive studies, a group of New Zealand researchers

Journal of Materials Engineering and Performance



have used bone to produce orthopedic implants (Ref 24).
Through a process of boiling, solvent treatment, and deprote-
ination they converted bovine bone to an implant material.
An alternative process in producing HA from bovine bone
can be its extraction from bone ash. Two advantages of this
process are removal of all organic components of bone and
also preventing the possibility of transmission of dangerous
diseases. When a piece of bone is burned fully, its organic
components are removed. The remaining ash contains the
inorganic constituents of the bone. Consequently, bone ash
can be used to extract HA. Assuming that the remaining ash
can be converted fully to HA, about 1.6 kg compact bone
should yield 1 kg HA. Such a process would certainly be an
economic method for producing HA to be used as a biomate-
rial in orthopedic and dental implants.

The aim of the present research was producing the HA from
bovine bone ash and investigating the effect of heat treating
temperature on chemical composition of produced HA from
heat treating of bone ash. Here, different chemical analysis
techniques were employed to investigate the structure and
composition of the resulting material.

2. Experimental Procedure

2.1 Extraction Process

Different types of bones from different animals were used as
the starting materials for this process. Bovine femur bone,
sheep femur bone, sheep skull flat bone, chicken femur, and
plaice vertebraec were chosen to compare the efficiency of the
process for these different types of bone, i.e., the amount of
powder obtained per unit weight of bone. This was to find out
which type of bone is the best to use regarding the amount of
bone ash produced after burning bone. It was found that the
highest amount of bone ash powder per unit weight of bone
was obtained for bovine femur bone. Bovine tibia, humerus,
and ulna were also tested and the results were similar to that
obtained for bovine femur. Hence, bovine femur, tibia,
humerus, and ulna were chosen as the main starting biological
material. The spongy bones were discarded and the bone
marrow and all pieces of meat and fat were removed. Using a
gas torch and applying direct flame to the cleaned bone, organic
components were burned. The product of this thermal process
contained some char due to burning of organic components. To
remove the remaining char, the black powder (bone ash) was
heated in an air furnace at different temperatures between 600
to 1100 °C for 3 h and finally it was cooled inside the furnace.
As a result of this process, the black ash was turned into a white
powder.

2.2 Chemical Characterization

To investigate the presence of organic species and also the
degree of probable dehydroxylation of HA during heat
treatment FTIR analysis was performed in the present inves-
tigation using a Scimitar Series FTS 2000 Digilab spectropho-
tometer in the range of middle infrared of 400-4000 cm™". To
record the FTIR spectrum of each sample, 2 mg of the powder
was mixed and pressed with 300 mg of KBr to get a pellet for
FTIR analysis. A Philips, PW 2400 x-ray fluorescence
spectrometer was used to obtain elemental chemical composi-
tion of the extracted powder. In order to prepare samples for
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XRF analysis, the powder was poured into a special die and
compacted in a pressing machine with 8 tons pressure to
prepare a disk-shaped specimen with 30 mm diameter and
5 mm thickness. Phase composition was analyzed using the
x-ray diffraction method by a Philips X’Pert diffractometer
equipped with graphite monochromator using Cu Ko 1.54
(40 kV, 40 mA) and recorded from 5° to 60° for 20 at a
scanning speed of 2.5°/min and a step size of 0.02°. The
resulted patterns were studied quantitatively by Rietveld
analysis which used the fundamental parameter procedure
implemented in TOPAS R-version 2.1. For semi-quantitative
analysis and to study the Ca/P ratio in the extracted material, a
Cambridge S-360 scanning electron microscope (SEM)
equipped with an Oxford energy dispersive x-ray (EDX)
analyzer working at 15 kV accelerating voltage was used. Ten
measurements were performed and it was assumed that the
peak height is proportional to the mole fraction of an element.

To evaluate the thermal stability of the extracted material,
differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) were performed using a Mettler Toledo 851E
thermal analyzer by changing the temperature from room
temperature to 1200 °C in air at a rate of 5 °C/min. The
variability in the signal was 0.25 wt.% for TGA and approx-
imately 5.7 x 1077 nV/g for DTA. The weight of the sample
for thermal analysis was 20 mg and o-Al,O3; was used as a
crucible and a reference sample.

3. Results and Discussion

3.1 FTIR Analysis

The FTIR spectrum of the bone ash is showed in Fig. 1(a).
In this figure, we can see a series of bands in the mid-infrared
region; a strong band at 1043 cm™', another band at
1456 cm™! with a shoulder at 1417 cm™!, and also a small
sharp band at 667 cm~'. Comparison of infrared spectra
obtained from analysis of bone and bone ash confirm the
removal of organic components after burning of bovine bone.
The infrared spectrum of bone has been recently reported by
Boskey and Camacho shows the presence of the major
inorganic species, phosphate and carbonate groups (from
HA), and also the organic components such as amide functional
groups from the protein constituents of bone, i.e., collagen (Ref
25). Although they recorded infrared absorbance between 800
and 1800 cm ', nevertheless, comparing their results for bone
with the FTIR spectrum obtained for bone ash in this study
shows clearly that all organic components of bone have
disappeared after burning. The bands associated with the amide
groups of proteins in wave numbers 1250, 1560, and
1650 cm ™" which are observed on the spectrum of bone do
not exist on the FTIR spectrum of bone ash prepared in this
study. On the other hand, the bands for phosphate and
carbonate groups in bone ash occur at the same wave numbers
as those reported for bone. This comparison shows that the
procedure of burning bone is perfectly sufficient to remove all
organic components of bone. Furthermore, there is no absorp-
tion bands related to C-H bonds in the FTIR spectrum of the
bone ash. This indicates that heat treating of the bone ash lead
to total removal of the organic materials of bone (Ref 26).
Therefore, all bands observed in the FTIR of Fig. 1(a) are
related to the inorganic components of bone which were
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Fig. 1 The FTIR spectrum of the bone ash (a) and samples of bone
ash heat treated at (b) 600 °C, (c) 700 °C, (d) 800 °C, and (e)
1100 °C

presented in the bone ash. We can divide these bands into three
main categories; phosphate bands, carbonate bands, and
hydroxyl group bands. One strong and relatively broad band
at 1043 cm™', two relatively strong and sharp bands at 567 and
603 cm™ ", and another band at 962 cm ™' which appear on the
FTIR spectrum of Fig. 1(a) are related to the phosphate group.
Tanaka et al. also observed two bands at 603 and 1051 cm ™'
due to the stretching vibrations of the phosphate group (Ref
27). The bands which appear at 873, 1417, and 1456 cm™ " are
associated with the carbonate group. The carbonate ion can
competitively replace at two sites in the apatite structure, the
hydroxyl and the phosphate ion positions, giving A- and B-type
carbonated apatite, respectively. These two types of substitution
can occur simultaneously, resulting in a mixed AB-type
substitution which forms bone mineral. Therefore, the peak
position of carbonate ions in FTIR spectra depends on whether
the carbonate ion is substituted for the hydroxyl ion or the
phosphate ion in the HA lattice. There is also a relatively broad
band at 3436 cm™ ' which is attributed to the hydroxyl group.
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The FTIR spectra of bone ash samples which were heat
treated at 600, 700, 800, and 1100 °C are presented in Fig. 1(b-e).
They provide a number of spectral details indicating some
changes have occurred by increasing the temperature of heat
treating. The band at 2341 cm™ ' has disappeared after heat
treating bone ash which might be because of the elimination of
carbon in the bone ash in the form of carbon dioxide gas in
presence of air oxygen. This is in agreement with the change of
color of the bone ash powder from black to white after heat
treating. The broad band at 3436 cm™' observed in the
spectrum of Fig. 1(a) has almost disappeared and replace by
a small peak at 3571 cm ! in the spectra of Fig. 1(b-e), which
is caused by the carboxyl stretching. Brinov et al. (Ref 28) have
recently investigated the effect of sintering temperature on the
FTIR of carbonated HA and reported that the band at
3570 cm™' due to the hydroxyl group stretch mode disappeared
after sintering HA at 1100 and 1500 °C. It was found here that
as the heat treating temperature increases up to 1100 °C, the
band at 634.5 cm~' which originates from vibration of the
hydroxyl ion is very sensitive to temperature and disappears,
while the band at 3571.9 cm™' which corresponds to the
stretching vibration bands of the hydroxyl ion is more stable
and become broader. This is because of the dehydroxylation of
HA which may occur at temperatures above 850 °C. The results
of these FTIR analyses show that heat treating of the bone ash
above 800 °C can cause dehydroxylation of the HA. The FTIR
spectrum of the sample which was heat treated at 800 °C
(Fig. 2d) is in good agreement with the spectra reported by
Markovic et al. (Ref 9) for a HA-synthetic reference material
(HA-SRM). In this figure, the stretching band at 3571 cm™"
and vibration band at 634 cm™' are created by OH™ groups.
The bands located at 474, 570, 603, 962, 1049, and 1089 cm ™!
originated by PO,>~ ions (Ref 9, 26, 29). The intensity of O-H
stretching vibration in HA is weaker than strong P-O stretching
vibration due to HA stoichiometry. The bands at 8§73.7, 1415.7,
and 1456.2 cm ™' are originated by CO5>~ ions. Carbonate ions
are a common impurity in both synthetic HA and HA produced
from natural resources (Ref 9, 26, 29). The results of FTIR
analyses in the present research showed that the best heat
treating temperature for the conversion of bone ash to HA was
800 °C. Therefore, the optimum temperature for heat treating of
bone ash was found to be 800 °C.

3.2 XRF Analysis

Table 1 presents the results of XRF analysis of the HA
produced from heat treating of the bone ash at temperature of
800 °C. Also, the chemical composition of this material in
oxide form is shown in Table 2. As seen, calcium and
phosphorous are the main components, and magnesium and
sodium are minor elements, and also some traces of potassium
and strontium are present. As seen in Table 2, the concentra-
tions of CaO and P,0s are 54.079 and 42.860 wt.%, respec-
tively. The elemental chemical analysis of HA extracted from
bovine bone by the Merck Chemicals (Endobon) has also been
reported by Joschek et al. (Ref 29) and their investigation
resulted in identifying numerous elements. This huge number
of elements is not astonishing to the well accepted since ion
exchange can take place in the apatite component of bone. The
ionic components of HA, i.e., Ca®", OH™, and PO, can
readily be exchanged by other ions. It is obvious that the
composition of the trace elements varies considerably in bone
depending on some biological factors such as nutrition
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Fig. 2 XRD patterns of bone ash (a) and its heat treated forms produced at different temperatures; 600 °C (b), 700 °C (c), 800 °C (d), and
1100 (e). (f) XRD pattern that is related to standard hydroxyapatite (NIST, SRM-2910)

Table 1 Elemental composition (XRF analysis)
of the NHA, heat treated at 800 °C

Table 2 Composition of the HA, heat treated at 800 °C,
in oxide form

Elements Concentration, wt.% Absolute error, % Compounds Concentration, wt.% Absolute error, %
Ca 64.92 0.07 CaO 54.079 0.060
P 31.53 0.05 P,Os 42.860 0.050
Na 1.91 0.01 MgO 1.343 0.020
Mg 1.36 0.01 Na,O 1.530 0.030
Sr 0.086 0.002 K,0 0.065 0.002
K 0.091 0.003 SrO 0.061 0.002

(Ref 29). The chemical compositions of synthetic HA and also
HA extracted from pig and bovine bones were compared with
each other in the work of Haberko et al. (Ref 26). They found
that calcium, phosphorus, and magnesium contents (in oxide
forms) of HA extracted from bovine bone were CaO:
52.25 wt.%, P,0Os: 38.37 wt.%, and MgO: 0.41 wt.%. It can
be seen that the results of Table 2 are in good agreement with
these results. The concentration of magnesium determined by
XRF analysis of the study made here was found to be
1.36 wt.% which is higher than the value of magnesium content
quoted by Haberko et al. (Ref 26) which was reported to be
0.41 wt.%. This discrepancy might be due to the type of bovine
bone which was used here as the starting material for producing
HA. The bones were purchased from the local slaughter-house
and there was no information about the breed and exact age of
the cattle from which the bones were supplied. Breed and age
of the animal can be influential parameters determining the
composition of HA in their calcified tissues.

Journal of Materials Engineering and Performance

3.3 XRD Analysis

Figure 2 shows the XRD patterns of the black powder
produced after burning bone, i.e., the bone ash (a) and its heat
treated forms produced at 600 °C (b), 700 °C (c), 800 °C (d),
and 1100 °C (e). These diffraction patterns show a gradual
increase in the degree of sharpness of peaks with increasing
heat treating temperature, indicating the extent of crystallinity
of HA produced at various temperatures. The diffraction pattern
(Fig. 2a) of the bone ash is very broad which indicates the
presence of small crystals of HA. Other diffraction patterns of
Fig. 2(b-e) show patterns which are narrow and sharp when
compared with the pattern of the bone ash before heating. The
resulted sharpening of the XRD pattern of the heat treated bone
ash could be due to change in the crystal size of the powder.
Similar observations have been reported by Shipman et al.
(Ref 30) and they explained results of XRD patterns in terms of
alteration in crystal size. They found that there was a gradual
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increase in HA crystal size associated with increased heat
treating temperature (Ref 30). The black powder, produced in
this study, began recrystallization at about 600 °C without
decomposing to any other compound of the calcium phosphate
family. Peaks which would indicate the thermal decomposition
of HA into a-tricalcium phosphate and tetracalcium phosphate
were not observed at any temperature up to 800 °C. Sharp clear
reflections observed after heat treating at 800 °C correspond to
HA and this confirms the phase purity and high crystallinity of
HA produced after heat treating the bone ash at this temper-
ature. Lee et al. (Ref 22) also reported fully crystallized HA at
900 °C when they synthesized HA from calcined cuttlefish
bone. Figure 2(e) shows the appearance of a low intensity peak
at 20 of 31.1° corresponding to P-tricalcium phosphate.
Keeping the powder at 1100 °C for 3 h resulted in this peak
with low intensity, whereas heating the bone ash at tempera-
tures lower than 1100 °C did not give any indication of the
presence of P-tricalcium as an impurity phase. As mentioned,
crystallite size influences peak broadening. It should be noted
that XRD analysis only provides a spatial average of crystallite
size estimates. Thus, changes in peak broadening represent
changes to the crystallite size distribution. There are some
chemical factors which affect the crystallite size. These include
denaturing of the bone matrix during burning through release of
water, in which the mineral crystals recrystallize, and removal
of the collagen fibril networks which influence crystallite size
of the bone ash, as seen in Fig. 2(a). Figure 2(f) shows a XRD
pattern that is related to standard HA (NIST, SRM-2910) (Ref
31). A comparison between Fig. 2(d) that produced at temper-
ature of 800 °C with Fig. 2(f) which is related to HA-SRM
2910 indicates that these two pattern are completely similar and
both of them are in full agreement with the corresponding
values reported for hexagonal HA (JCPDS, Card No. 9-432)
(Ref 32).

The results of the quantitative analysis which have been
calculated by the use of Rietveld analysis is presented in Fig. 3
and chemical composition of the HA from quantitative analysis
of the XRD spectra is shown in Table 3. These results indicate
that this HA contains some NaCaPQO,, CaO, and MgO as
impurities. They are in good agreement with the results of the
XRF analysis (Table 1, 2), where Na and Mg were detected as
the minor impurity elements. The content of CaO was found to
be 1 wt.% (Table 3). It should be appreciated that low
concentrations of CaO are advantageous because the presence
of CaO reduces the biocompatibility of HA (Ref 26). The work

of Joschek et al. (Ref 29) on characterization of HA produced
from animal bone, Endobon, indicated the presence of MgO,
Ca0, CasO (PO4), and NaCaPO, as impurity phases. More-
over, when bone ash is heated at temperatures higher than about
1200 °C tricalcium phosphate and tetracalcium phosphate are
formed due to phase transformation of HA at high sintering
temperatures. These two phases are not present in the HA
extracted from bone ash in this study because the optimum heat
treating temperature which was found here (800 °C) is lower
than the phase transformation temperature of HA to other
calcium phosphate phases.

3.4 Study of Ca/P Ratio with EDX

The results of the EDX analysis (Fig. 4) showed that the
Ca/P ratio of HA investigated in this study is about 1.67.

Table 3 Chemical composition of NH from quantitative
analysis of the XRD spectra

Component 20 value, ° Content, wt.%
NaCaPO, 33.7 2
CaO 374 1
MgO 429 1
Hydroxyapatite 31.8 96
Ca
|
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Fig. 4 The EDX analysis of produced HA powder at temperature
of 800 °C
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Fig. 3 Quantitative analysis of the XRD pattern of produced HA at 800 °C
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The Ca/P ratio found in the present investigation agrees with the
values reported by Lee et al. (Ref 22). The essential difference
between synthetic and HA produced from bovine bone is that
the latter showed a higher Ca/P ratio than the synthetic material,
while the former was closer to the stoichiometric HA (Ref 26,
29). It should be noted that there is a technical problem with the
semi-quantitative analysis of Ca/P ratio of HA by the use of
EDX. In other words, during the analysis at a fixed current
density and increasing irradiation time, the x-ray intensity of
phosphorus decreases more rapidly than that of calcium leading
to an increase of the Ca/P ratio at a high electron irradiation
dose. Thus, in this study, the accelerating voltage was set at
15 kV and the analysis was performed at a low irradiation time
to overcome the above mentioned problem.

3.5 DTA-TGA

The results of differential thermal analysis (DTA) and
thermogravimetric analysis (TGA) of NHA are shown in
Fig. 5. A small weight loss was detected by TGA and a small
endothermic transition was observed in the DTA at low
temperatures (<150 °C). The endothermic reaction at low
temperatures is attributed to evaporation of adsorbed water
(Ref 26, 28, 29). Furthermore, by attention to TGA-curve in
Fig. 5, we can see an initial mass loss in the temperature range
from 30 to 100 °C and a mass loss in the range from 100 to
250 °C. These two losses correspond to mainly physisorbed
water although some chemisorbed water is also expected to be
lost between 100 and 250 °C. Between 250 and 850 °C, some
mass loss was observed which corresponds to chemisorbed
water. These behaviors are in agreement with the achieved
results of Rootare and Craige (Ref 33).

Hu et al. investigated thermal analysis of coral, as a part of
their study to produce hydoxyapatite from coral, and reported
that thermal analysis of coral shows three regions of weight
loss. The endothermic loss at 50-140 °C corresponds to the
evaporation of absorbed water. Also, two other regions were
attributed to the exothermic losses at 150-450 °C to the
removal of organic compounds in coral and the endothermic
loss at 600-750 °C to the decomposition of calcium carbonate
to calcium oxide (Ref 34). Olsen et al. (Ref 35) have also
suggested that heating of bones results in weight losses at
temperatures lower than 225 °C (due to water evaporation), at
temperatures between 225 and 500 °C (caused by the combus-
tion of the organic components of bone) and at temperatures

TGA
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Fig. 5 The DTA-TG curves of produced HA at temperature of
800 °C
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higher than 500 °C (as a result of the decomposition of
structural carbonate by release of CO, gas). The exothermic
losses at 150-450 °C, observed by Hu et al. (Ref 34) which is
related to the removal of organic compounds in coral, or at 225-
500 °C, reported by Olsen et al. (Ref 28) due to the removal of
organic components of bone, was not observed in the DTA-
TGA curves of this study. In this study, organic components of
bone were removed completely during heating bone to produce
bone ash as confirmed by the previous discussion of FTIR
analysis. Furthermore, weight loss at high temperatures (800-
1200 °C) can be because of partial dehydroxylation of HA (Ref
29). The DTA curve shows an endothermic reaction in this
temperature range (800-1200 °C) that can be related to
dehydroxylation process of HA powder. This dehydroxylation
was also confirmed by the results of FTIR study, as seen in
Fig. 2(d) and (e). Thus, the results of DTA-TGA in this study
indicated that the HA produced here is stable up to 1100 °C. It
should be mentioned that when the bone ash was heated at
1100 °C for 3 h, a peak with low intensity attributed to
B-tricalcium phosphate just began to appear as discussed
previously in Fig. 2. Haberko (Ref 26) reported exothermic
transition due to decomposition of CaCOj; in the DTA curve of
HA extracted from pig bone. They showed that by heat treating
the material at 700 °C and at higher temperatures the concen-
tration of carbonate groups decreased and as a result, one peak
corresponding to CaO appear in their XRD pattern. Also, their
results showed that for the sample heat treated at 800 °C the
concentration of carbonate groups and also CaO is very low,
~2 and ~0.1%, respectively. Dissociation of calcium carbonate
at temperatures between 400 and 600 °C in air has been
reported by some researchers (Ref 29, 34). Presence of
carbonate groups in HA was detected by FTIR analysis. During
heat treating of the bone ash at 800 °C for 3 h, carbonate
groups were decomposed and their concentrations were
decreased which resulted in the formation of 1% CaO in the
XRD spectra. These results are in agreement with results of
other researcher (Ref 26, 29, 34). The results of this DTA-TGA
study indicated that HA produced here has satisfactory thermal
stability up to 1100 °C.

4. Conclusions

In this study, we investigate the effect of heat treatment
temperatures on chemical composition of HA that was
produced from heat treatment of bone ash. The results of this
study showed that the optimum heat treating temperature to
prevent phase transformation of HA prepared from bone ash is
800 °C. The results of FTIR analyses showed that heat treated
bone ash at temperatures lower than 800 °C leave some
impurities in HA produced from bovine bone. In addition,
results of DTA-TGA analyses indicated that this HA is stable at
temperatures lower than 1100 °C. As the basic result of all the
analyses which were done in present investigation, the best heat
treating temperature for producing HA from bovine bone ash is
800 °C.
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