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Abstract: The objective of this work was to study the production of hydroxyapatite (HA) from bovine teeth. Hydroxyapatite (HA) was 
produced from bovine teeth powder after calcination at 1150 °C. It was discovered that the sample preparation process influences its 
properties, so, crystal structure and thermal stability of HA were investigated. The X-Ray diffraction analysis (XRD) results confirmed 
that HA has been successfully produced. Fourier transform infrared spectroscopic (FT-IR) study confirmed the presence of hydroxyl 
(OH-) and phosphate (PO4

–3) functional groups. The scanning electronic microscope (SEM) was employed to identify the surface 
morphology of HA, and showed the nanoporous structure throughout the matrix. The sample constituents such as Ca, P, K ... etc., and 
their values were determined by Energy dispersive X-Ray (EDX).
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Introduction
For more than a century a research has been carried 
out trying to find a suitable material to repair or 
replace bone segments, either by “Autograft” which 
is clearly osteogenic, and is considered as a limited 
supply especially when it is used in children as a 
bone graft, or by “Allograft” which is demonstrated 
lower osteogenic capacity and it is slower than the 
new bone formation.1 To reduce or eliminate the 
need for bone grafting substantial effort that has been 
invested in finding a suitable artificial bone. A variety 
of biomaterials have been investigated as bone graft 
substitutes, such as the hydroxyapatite which is fre-
quently used as a calcium phosphate based compound, 
it is classified as bioactive material.2,3 The HA as a 
ceramic material has a poor mechanical properties, 
that why it is used in non-load bearing applications 
such as orthopedic dental and maxillofacial applica-
tions. The HA chemical constituents and structure 
is similar to the human hard tissues. It is generally 
accepted that the human bone contains large amount of 
calcium and phosphate, calcium (about 85%) causes 
bone hardness.4 Moreover human and animals teeth 
have the same complex structure, which is consisting 
of three layers, the first outer layer is enamel which 
contains of 92%–96%wt HA, 1%–2%wt organics 
and 3%–4% H2O, while the second layer is the tooth 
bulk which consists of dentin 70% HA, 18% organics 
and 12% H2O, and the third layer is the outer surface 
consist of HA cement.5

There are two types of HA either synthetic or from 
natural origin; synthetic HA is the most frequently 
used, although it is expansive and does not com-
pletely match with the human teeth chemical com-
position, but it is more reliable.4 On the other hand, 
the natural HA has an economic advantage, but there 
are significant concerns about the use of natural HA, 
due to the potential transmission of dangerous dis-
eases when it is not well prepared,4 these infections 
include transfer of viruses such as Creutzfeldt Jakob, 
encyphalopathy, BSE, HIV, Hepatitis B and C and 
AIDS etc.6

Due to the attractive properties of HA, various 
techniques have been developed to produce syn-
thetic hydroxyapatite such as wet precipitation, 
hydrothermal and electrochemical … etc. On the other 
hand natural HA can be produced from bovine bones, 

human teeth, goats, swine bone, sheep bone, sheep 
teeth and egg shell.4

The aim of the present work is to prepare HA 
derived from bovine teeth and evaluate the material 
chemical properties. We focus on the bovine teeth 
which are readily available in Egypt, and it has been 
proven to be a good source of HA.3

Materials and Experimental Procedure
The research methodology included two stages, the 
first is the HA preparation and calcination, and the sec-
ond was identifying the properties by using XRD, IR, 
EDX, Brunauer, Emmett and Teller (BET) for surface 
area determination, thermal stability and SEM.3

Bovine hydroxyapatite preparation
The process of preparing HA from bovine teeth 
was originally developed for its better results and 
lower cost; the bovine teeth were collected from 
the local slaughter houses. The teeth samples were 
cleaned by boiling to remove organic substances 
and collagen. This was done to avoid soot forma-
tion in the material during the calcinations process.6 
Raw teeth impurities that were sticking on the teeth 
were shaved and removed, and then irrigated with 
a brush in running water, followed by boiling in 
distilled water for 30 minutes. This process was 
repeated three times till it yielded white and clean 
teeth, and then the teeth samples were dried in the 
sun for 3 days.

The teeth were calcined in the muffle at 735 °C 
(7 °C/min), and then hold for 1 hr, then left to cool, it 
was observed that at 450 °C huge amount of vapors 
evolved from the sample. The calcinations was in 
humid atmosphere to avoid any dehydration in the 
furnace, the sample was sintered again to 1150 °C 
(7 °C/min) for 1 hr.4 This sintering process took place 
to ensure that the organics are completely removed 
and that the material is safe and to avoid any micro-
bial contamination.2,7,8

For ensuring the HA purification an initial pH 
was determined for the distilled water, then the 
pH was determined for the annealed teeth water, 
which was prepared after the teeth were milled and 
stirred for several minutes in distilled water, the pH 
results were compared. This experiment was repeated 
till the pH of the teeth washed water is equal to the 
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water pH, which ensure the bovine hydroxyapatite 
(BHA) purity.9

Characterization
The following tests were performed on sintered sam-
ples of size less than 45 micrometer.

The teeth powder was analyzed by using XRD, the 
measurement was carried out by a monochromatic 
narrow beam and nickel filtered; the scan speed was 
equal to 2 deg/min, and sampling pitch = 0.018°, in 
case of samples containing iron that can be analyzed 
by using the standard cu X-Ray tube.

The FT-IR was used to determine the chemical 
function by the wavelength range was up to 4000 cm-1 
versus the transmittance, the KBr is used as a refer-
ence to prevent fluctuations in the output.

The EDX used by the HA powder sample was 
coated by carbon to improve the resolution, and then 
the X-Rays were obtained to determine the chemical 
elementary composition of the sample. The inorganic 
elements were determined in presented percentages.2

The BET model Coulter SA 3100 Beckman was 
used to measure surface area based on the nitrogen 
gas adsorption. The sample was pretreated in a test-
tube and under vacuum, then degasified for 24 hr at 
400 °C. The surface area was performed by relative 
pressure which was obtained, and after the nitrogen 
adsorption, it is calculated by Langmuir equation then 
integrated to all layers to measure specific surface 
area (m2/g).

The HA thermal stability was studied by using 
one apparatus named SDT Q600 test the differen-
tial thermal analysis (DTA) and Thermo gravimetric 
analysis (TGA), which were used for more precise 
tests. It is used to determine any transitions or reac-
tions by increasing the temperature, the thermal 
tests carried out up to 1200 °C with constant rate 
10 °C/min.

The SEM model Jeol JSM 6360-SEM was used 
for pore structure determination, the bovine teeth 
was placed on an aluminum holder, adhered with a 
carbon conductive tape, and covered with a golden 
cap and of thickness approximately 200 °A, used 
for high resolution. All the images were taken with 
a backscattered electrons detector, this allows visual 
inspection for better understanding of the material 
structure.7

Results and Discussions
In this research the results testing properties of the 
produced BHA which is produced, imply that all 
possible diseases existing in the bovine teeth had 
been completely eliminated.6

The results of this study of high temperature of 
calcinations during BHA production 1150 °C implies 
that any possible disease existing in the bovine teeth 
that has been completely eliminated furthermore, 
earlier reports have suggested that interesting bioc-
eramics could be produced from high-temperature 
calcined. This has also been confirmed by cell culture 
and animal studies.9

The XRD pattern as (See Fig. 1) shows the HA 
characteristics, the pattern sharpness peaks indicate 
the good sintering process of the HA and it is free 
from organic components. The pattern shows the 
bovine teeth sample was calcined after defatting at 
different 2θ. The obtained result was compared with 
the HA previous studies (See Fig. 2), and it was 
observed that the result of BHA prepared is similar 
to the XRD HA pattern.2,7,9–11

The results of the earlier studies for the FT-IR 
detectable transmittance peaks were identical to 
the HA pattern in this study (See Fig. 3); contains 
PO4

+3 and OH- without expressing any impurities 
(See Table 1 and Fig. 4).9,11,12

The EDX result (See Fig. 5) revealed the pres-
ence of inorganic elements which were identified as 
calcium and phosphate, in addition of traces of mag-
nesium and potassium, these elements values were 
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Figure 1. X-ray diffraction pattern of the calcined bovine teeth.
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Figure 3. Infrared spectrum transmittance line result of previous study 
hydroxyapatite.10

permitted to be used in medical applications with 
reference to USA 1990 Pharmacopeia.11

The nourishments, origin, sex and age, sintering 
temperature are factors that may have impact on the 
sample constituent such as Ca, P, K etc.

The BET results (See Figs. 7, 8) showed that the 
specific surface area is equal to 1.666 m2/g and the 
specific total pore volume = 0.0178 ml/g, and the 
observed isotherm graph (See Fig. 6).

As regards the HA TGA and DTA results (See 
Figs. 9, 11), there is no significant weight loss or 
endothermic/exothermic reactions observed from the 

Table 1. BHA FT-IR peaks transmittance.

Absorbance frequency 
Vibration cm-1

Assignments 

569.4 O-P-O bending
603 P-O symmetric stretching 

bands
1048.3 PO asymmetric stretching
2924.7 PO asymmetric stretching
3445.5, 3572 and 3572 O-H in plane bending
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Figure 2. X-ray diffraction pattern result of previous study hydroxyapatite.7
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Figure 4. Infrared spectrum transmittance line of hydroxyapatite powder 
sintered at 1150 °C.

Cont

10000

8000

6000

4000

2000

0

0 5 10 15 20

Energy (kev)

mg

p

K

Ca

Ca

Figure 5. EDX pattern.

thermogram, which ensure the HA thermal stability 
compared to previous studies (See Fig. 10), however 
other studies results contradict the present research 
results. But, if any weight loss from 50–200 °C it can 
be due to the water evaporation. Also, weight loss 
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occurred between 580–620 °C indicate decomposition 
of organic traces, and so the prepared BHA is free 
from any organics materials.9

The SEM result indicated that the HA has a 
porous architecture throughout the matrix (See 
Fig. 12). As it can be seen from the gross morpho
logy, all the pores are in order of nanometer size; the 
mean pore diameter is equal to 135 nm, these pores 
were created due to the removal of organic constitu
ents associated with the native bone, and therefore 
it can be expected that the HA have the capability 
to support the bone tissue in-growth upon implanta-
tion and provide mechanical interlocking and firm 
fixation.7,9
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Figure 6. Nitrogen adsorption isotherm obtained at liquid nitrogen tem-
perature for HA powder sintered at 1150 °C.
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Figure 7. Pore is versus diameter.
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Figure 8. Pore volume versus diameter.
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Figure 10. Thermo gravimetric analysis result of previous study 
hydroxyapatite.10
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Figure 11. Differential Scanning Calorimetric of the hydroxyapatite pow-
der sintered at 1150 °C.
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Conclusions
The present investigation is demonstrating an easy, 
cost effective and reproducible process of HA from 
the bovine teeth. The overall results indicated that the 
HA is purely prepared,4 for HA nonporous present they 
would be beneficial for bone tissue engineering, the 
BHA can be simply prepared followed by calcinations 
at 1150 °C as proposed in this study. This sintering pro-
cess avoids any transmission of diseases. Also estab-
lishing standardized parameters for collecting animal 
teeth which would present similar and better results.

We conclude that the prepared HA from bovine 
teeth is considered as an economic process. However, 
due to the HA poor mechanical properties, its appli-
cation is limited to non-load bearing applications, 
therefore we must find out ways to overcome this 
limitation.
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Figure 12. SEM micrographs of BHA sintered at 1150 °C.
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