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Abstract

Hydroxyapatite (HA) is widely used in biomedical implant applications, due to its bioactive,
biodegradable and osteoconductive properties. The fabrication of HA by chemical routes is fairly
complicated. Extraction of HA from the bovine bone is economic and bio compatible and besides it is
easy to obtain. The HA extracted from the bovine bone have most properties of the origin bone. In
addition to this, bone grafting potential is better than HA produced by chemical route.

The aim of this work is to understand sintering/densification behavior of HA produced from bovine
bone (by Archimedes’ principle kit), the microstructure of the sintered bodies (by SEM-EDS) and their
mechanical properties (hardness and fractured toughness). Densifications of compact HA samples
from natural bone with and without additive were investigated. Phase identification of the raw cow
bone and sintered compacts were determined by X-ray diffraction technique.

Keywords: Hydroxyapatite, densification, sintering, bioceramic, powder process

1. Giris

A significant proportion of biomaterials research has focused on bioceramics for over five
decades as an alternative to implants to overcome their limited biocompatibility. This is
especially visible in orthopedic applications where bioceramics can be found in almost every area
of the skeletal system [1]. Orthopaedic researches has been increased on materials that may
enhance bone regeneration in order to avoid skeletal repair complications [2].

The bioceramics interact with human biological system in the acceptable harm limits to the body
[3]. Especially, hydroxyapatite, Ca5(PO4)30H, has been used since 1990 as coating on the
prostheses of e.g. hips, knees, teeth in order to enhance its biointegration to a bone. The coatings
have been deposited mainly by plasma spraying, chosen because of high deposition rate and low
cost. On the other hand, there is a wealth of different deposition processes that can compete with
plasma spraying if a particular coating property should be enhanced [4,5] Calcium hydroxyapatite
is the main mineral component of bone tissue and teeth [6]. Hydroxyapatite (HA) is a naturally
occurring form of calcium apatite [7]. Hydroxyapatite mineral (HA), Caio(PO4)s(OH)2, is widely
used to produce highly biocompatible ceramic materials for orthopaedic and dental applications

8].

Hydroxyapatite and tricalcium phosphate are the most popular calcium phosphate compounds as
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bone grafting materials in hard tissue parts and as candidate material for bone tissue implant
applications, due to their excellent biocompatibility, ability to promote cellular functions and
expressions, and osteoconductivity [9]. The chemical composition of HA can be easily changed
while maintaining their biological activity and biocompatibility but improving their mechanical
properties like tensile strength or impact resistance [10]. It has been available clinically for use in
dentistry and medicine in recent years due to its excellent biocompatibility and osteoconduction
[11, 12]. Some research has revealed that the properties of HAp can be changed by modifying the
composition through ionic substitutions [13].

The aim of this study is to investigate sinterability of HAp powders synthesised from bovine
bone. It is well known that while chemical routes for HAp powder production are expensive,
HAp powder can be synthesised from utilizing easily obtainable natural raw materials of
relatively low cost. In addition, there are limited investigations on sinterability of the natural
produced HAp powder. Grain morphology can be altered with changing production routes. Thus,
it is hard to sinter HAp produced from bovine bone.

2. Experimental

Bovine bone was used as a raw material which was extracted from femur bone of cow with the
age 2 years. The bone was crashed into small pieces and was cleaned and boiled up in water.
Following process is burning out of organic matters (proteins and fats) by firing with the use of
fire with high energy. After that, removing of the remains was carried out by heating at 900°C for
2h. The result product was milled using jet milling and sieved to ensure >30micron. The powder
was then uniaxially pressed into a cylindrical mould under 80MPa to obtain green samples. The
green bodies were presurelessly sintered at different temperatures in the ranges from 1100°C to
1250°C for 0.5-2h in air atmosphere.

Scanning electron microscopy was performed to reveal densification level and bone structure.
EDS Elemental analyses of the HAp powder and femur bone of cow (raw material) were carried
out to determine elements in the product. The densities of the sintered samples were measured by
using Archimedes’ principle method.

3. Results and Discussion
3.1. Extraction of Hydroxyapatite Powder from Bovine Bone

Hydroxyapatite powder was extracted from bovine bone and it has white color and reduced
particle size. While the femur bone of cow has bone color before process, the color of raw
material was changed to white after all burning out. The produced hydroxyapatite powders can be
shown in Fig 1. Particle size of HAp powder is dominantly under 1um and has homogeneous size
distribution. EDS analysis of the produced powder was showed that it contained Ca, P, Mg, Na,
Fe, O, C. It is well known that elemental composition of the human bone tissue contains Ca, P,
Mg, Al, Na, Si, C, Cl, Fe, O elements.
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Figure 1. SEM micrograph of HAp powders (from bovine bone)
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Figure 2. EDS analysis for HAp powders in Figure 1

3.2. Sinterability of the HAp powder extracted from bovine bone
3.2.1 Densification behaviour

The HAp compacts which were extracted from bovine bone without any additive were
pressureless sintered at temperatures between 1100 and 1300°C for the periods of 30-120 minutes
shown in Table 1. As can be seen, the density of the pressureless sintered samples increased with
sintering temperature. This was true up to 1250°C. After this dwelling time, density value slightly
decreased. This may be due to stability of HAp phase can lose at longer time and higher
temperatures. The highest density —3.11 g/cm3 (98.5% R.D.) was achieved at 1250°C for 90min.
The lowest density — 2.84 g/cm3 (89% R.D.) was seen for a sample sintered at 1100°C for 30
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min. When increasing sintering temperature and dwelling time, the sintering process produces

less porous samples.

Table 1. Density values for the sintered HAp samples

Sintering time (min)
Figure 3. Densities of the sintered samples at the range between 1100-1250°C

3.2.2 General microstructural and elemental analysis

Density (g cm™)
11002C 11502C 12002C 12502C
30 min 2.84 2.87 3.00 3.03
60 min 2.89 2.91 3.01 3.07
90 min 2.92 2.97 3.05 3.11
120 min 2.98 2.99 3.07 3.10
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SEM micrograph of original cow bone is seen in Figure 4. Fig 5 showed that elemental
composition of cow bone composed of Ca, P, Mg, Na, Si, Fe, O, C. Figure 6 showed that the
sintered sample at 1250°C for 90min had nearly pore-free and gave a dense microstructure. In
Figure 7, elemental composition of HAp sample is like Ca, P, Mg, Na, C and O. The elemental
composition difference between the sintered sample and cow bone is Si, C and Fe. This change
can be due to the elevated temperature process. Si melting temperature is relatively lower. C can

be unstable after 800°C. All of them can cause the change being the mentioned above.
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a raw material before firing
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Figure 5. EDS analysis for cow bone before firing in Figure 4

Figure 6. HAp sapl presureles sintered at 1°C for 90 min
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Figure 7. EDS analysis of HAp sample in Fig 6

4. Conclusion

These work revealed that production of hydroxyapatite powder with the use of natural raw
materials are practicable. As well as, fabrication of HAp powder by this process is both
inexpensive and is similar to human bone in terms of chemical composition. The other important
point of this study is the obtaining of bulk HAp parts. HAp powders without any sintering aid
was successfully presureless sintered and was achieved high dense structure. To summarize,
production of powder and bulk HAp can be carried out with cheap raw material and easy process,
and with the use of presureless sintering being inexpensive method, respectively.
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