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ABSTRACT

Preparation of hydroxyapatite pow ders derived from

animal bones and their sintering properties

Kim, Young-Gook
Advisor : Prof. Lee, Jong-Kook, Ph.D.
Dept. of Advanced Materials Engineering,

Graduate School of Chosun University.

As the population of the old generation increases in recent years, the
injuries which were causing bone damage frequently occur due to various kinds
of accidents and aging. Due to the limited supply of natural bone for grafting,
the need for bone substitutes which have the same physicochemical and
biological properties as natural bone is ever increasing. Calcium phosphates
including hydroxyapatite [Caio(PO4)s(OH)2, HA] have achieved significant fields
as a bone graft material in a range of medical and dental fields, because of
their mineral component being similar to bone and teeth of the human body. In

addition, the HA derived either from synthetic sources or from animal sources

= vill -



can form a strong chemical bond with host bone tissue. In case of HA obtained
from synthetic sources which is expected to be stable in body fluid, HA was
severely dissolved during exposure to the z vitro and 7 vivo environment
resulting in the presence of loose particles and microstructural degradation. As
a result, it will provoke inflammation or third body friction. Therefore, HA with
dissolution/degradation resistance should be required.

As an alternative method, HA derived from animal bone which is
morphologically and structurally similar to human bone can be used. Animal
bone is stable for a long period in a biological environment. As the material
level, animal bone is composed of organic and inorganic components. It is easy
to produce calcium phosphate from animal bone by burning out the organic.
Although HA from animal bone has great potential for use as graft materials in
clinical application, patients may feel that HA from animal bone for implant can
potentially bear fatal diseases, such as human immunodeficiency virus(HIV), or
bovine spongiform encephalopathy (BSE). The disease would be solved through
calcination and sintering at elevated temperature by removing the organic.

In this study, HA derived from animal bones (bone ash, bovine bone and
tuna bone) were prepared by calcination to remove organics in bones. Using the
obtained powders, HA sinters were prepared by pressureless—sintering and
hot-pressing. In addition, dissolution of HA derived from animal bone was
investigated in liquid environment.

The bones were calcined at above 800 °C for 1 h to completely remove
organics. After calcination, compacts were obtained by pressureless-sintering
and hot-pressing using the calcined powders. The powders were uniaxially and
cold isostatically pressed into pellets. The pellets were sintered at 1200 °C for 1
h in humid atmosphere. In case of hot-pressing, the sinters were prepared by
hot-pressing at 1000 °C for 0.5 h under the pressure of 30 MPa in Ar
atmosphere. Dissolution of the animal bone derived HA was investigated in pH
7.4 distilled water for 3, 7 and 14 days.

Calcined HA from bone ash contained mainly HA and small amount of a

—tricalcium phosphate (a-TCP). However, calcined HA from bovine bone and
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tuna bone were consisted of mainly HA and small amount of magnesium oxide.
The densities of compacts prepared by pressureless sintering was about 70-80%
with large pores. However, the densities of compacts prepared by hot-pressing
had higher sintering density (95%) and smaller in pore size.

The microstructure surface of HA from bone ash was partially dissolved in
pH 7.4 distilled water compared with HA from bovine bone and tuna bone
because of the presence of soluble a-TCP in bone ash derived HA. In addition,
more calcium ions were released from bone ash derived HA in compared with
bovine bone derived HA and tuna bone derived HA. Hardness of HA from bone
ash was decreased with immersion due to the surface dissolution, whereas
hardness of HA from bovine bone and tuna bone were constant. It is
considered that dissolution resistance of bovine bone and tuna bone derived HA
may be attributed to the presence of Mg in HA. Furthermore, the obsence of
soluble phase such as a-TCP may also be the reason of dissolution resistance.

It is believed that biologically derived HA can be a good substance for
medical applications, where biological and mechanical stabilities of HA are

required.
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Table 1. Classification of bioceramics by biochemical activity'".

)

Type Tissue Attachment Example
Bioinert
Mechanical interlock AlsOs, ZrOs TiOg
(morphological fixation)
Bioactive
dense Interfacial bonding Bioactive glasses
with tissue Bioactive glasses—ceramics
Dense HA
porous Porous HA
Tissue ingrowth into pores HA coating on porous metals
Bioresorbable

Replacement with tissues

Tricalcium phosphate(TCP)
Calcium metaphosphate(CMP)

Bioactive glasses
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Fig. 1. Solubility of calcium phosphate ceramics'”



Table 2. Kinds of calcium phosphate ceramics and their Ca/P ratios®

Composition Ca/P ratio  Solubility
Dicalcium Phosphate .
‘ L. «
Dihydrate(DCPD) Ca(HePO4)2H:0 0.5 2.34x10
Dicalcium Phosphate .
X
Anhydrate(DCPA) CaHPO, 1.0 9.50x10
Octacalcium I
o . %
Phosphate(0Cp)  Ca4H(PO2)s5/2H:0 1.33  5.02x10
Hydroxyapatite(HA) Cas(PO4)5OH 1.67 2.13x10™
B-Tricalcium N
.. { y
Phosphate(3-TCP) B-Cas(POy):2 1.50 2.09x10
a—Tricalcium »
(.. ) y
Phosphate(a-TCP) a=Cas(PO2 1.50 3.16%10
Tetracalcium CasO(P03) 2.0 8391073

Phosphate(Te-CP)




Fig 2. Crystal structure of hydroxyapatite.
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(a) Ti surface

Fig. 3. Particle loosening of (a) the retriedved acetabular cup and (b) stem after

)

implantation for 4 yearsS7, and (c) commercial hydroxyapatite immersed

for 14 days43).
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Table 3. Synthetic methods of hydroxyapatite

Method Chemical reaction

Precipitation’ 10Ca(NOs)s + 6(NH,):HPO; —
Y Ca10(PO4)s(OH)z

Ca(OH)2 + H3zPOs — Caio(PO4)s(OH)2

Hydrothermall)

Wet o Caio(POgs(OH)2 + H20 — Cajo(PO4)s(OH)2
crystallization

Hydrolysis®®  10CaHPO,2H.0 + Hs0 — Caio(PO4)s(OH)s

Sol-gel'® Ca(NO3); + P(OCHs); — Caio(POs)s(OH),

Solid state?"

Dr .
Y reaction

3Ca(POy)2 + CaCOz — Caio(PO4)s(OH)2

Hydrothermal'” 3Cas(POy)s + Ca0 + H.0 — Caio(POy)s(OH):
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(a) ¢ hydroxyapatite

Intensity(arb.unit)

Fig. 4. Bone ash; (a) phase and (b) morphology.
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Table 4. The color of bone ash calcined at up to 1000 °C for 1 h.

Temperatrue(°C) Color
Before calcination Dark grey
500-700 Grey
800-900 Bright grey
1000 White
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Fig. 5. Phases of bone ash calcined at 600-900 °C for 1 h
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Fig. 8 Hot-pressed bone ash derived-HA at 1000 °C for 0.5 h under the

pressure of 30 MPa; (a) microstructure, (b) fracture surface and (c)

phase.

Intensity(arb.unit)

» hydroxyapatite
v o-TCP

20

- 33 -

50 60



=

3

)

B

)

il

& 7+

3]

Q

[e]

p/]

A

b
gy

SRR

3 7h x &= ar,

)

LHERU 2L

tel Fig. 1091

°

] A
7]
=

=

=]

=

R

¥ of A o]
e}

3T

1.
=

=

ATk HAH AT wh
oF 25% =

(3]

]

4 A kol u}e)

5
7] ¢ &% image analyzer®

=] A
=
NeEe

o

sl 7

il
e

il

|

ox
—_
o

4

N

M

~

of wet a-TCP ¢ 942

7yt

=
[e]

@ A3 (Fig. 11), I A A7ko]

a-TCP9 ¥ a7}%E(20=

of =

o3
T

el

416, 475=)7F A 4

A
[e}

Hpe} o] a-TCP

]

A3 (Fig. 12), &

ol %
A
&l

2
Tl

F3i o,
WPow ¥

o =27] wfiol

o

=]
=

14

3 = 2T

75

e 224 WE=

#3171

AA AN L7k

ol A =

o

"
e

HE 2T

=

s

el oge] 7
_34_

=]

=z 5

= A el A
Mo



3l

wd §

37 A

Fe 22 A ol A

ks
H

=

2 FAtstolstelel E9 TCP7}

a-TCP 7ol

o)
e

M
o

do
)

A

ApobA] 1 F ol

A} o] & (particle loosening)©] 2+

2% ol

A9 The Aot

214l
B Relst deju

134 ¢

Pz
T

1_:‘[_44).
}ed Fig. 139 e}

iy
5

3

]

[e}

g, ol &

L
T

g

=
=

2}

bl

7} 8]

=
o

7} °F 6 ppm<

2 A 0 ppmoll A

=]
=

Wttt

b

g
)

il

oW

ey
gy

i, el 4Aol

e

v o)

ol

B

v 7]~ A

2 A <]

¢
|

3o} 5}l o]

H

el
o°

A

A ¥ (Fig. 14),

?l,

Has 54

s
a

+ 532HvE e

149 Fol= 7}7} 516Hv 487Hv, 460Hve] 7 =& ERU

)

_35_



Fig. 9. Surface dissolution of bone ash derived-HA; (a) as-sintered
specimen, and immersed specimens for (b) 3 days, (¢) 7 days and (d)

14 days.
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Fig. 11. Phase change of bone ash derived-HA; (a) as-sintered specimen

(b) immersed specimen for 14 days.
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Fig. 12. Surface dissolution of hot-pressed bone ash derived-HA; (a)
as—sintered specimen, and immersed specimens for (b) 3 days, (¢) 7

days and (d) 14 days.
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Table 5. The color of bovine bone calcined at up to 800 °C for 1 h

Temperatrues(°C) Color

Before calcination Yellow
500 Brown
600 Grey
700 Bright grey
800 White
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Fig. 15. Bovine bone; (a) morphology and (b) phase.
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Fig. 16. TG/DTA analysis of bovine bone.
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Fig. 17. Bovine bone derived-HA after calcination at 800 °C for 1 h; (a)

phases and (b) morphology.
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Fig. 18. Bovine bone  derived-HA sintered at 1200 °C for 1 h; (a)

microstructure, (b) fracture surface and (c¢) phase.
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Fig. 19. Hot-pressed bovine bone derived—HA at 1000 °C for 0.5 h under

the pressure of 30 MPa; (a) microstructure, (b) fracture surface and

(c) phase.
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Fig. 20. Surface dissolution of bovine bone derived-HA,; (a) as-sintered
specimen, and immersed specimens for (b) 3 days, (¢) 7 days and

(d) 14 days.
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Fig. 22. Surface dissolution of hot-pressed bovine bone derived-HA; (a)
as-sintered specimen, and immersed specimens for (b) 3 days, (¢) 7

days and (d) 14 days.
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Fig. 23. Change of Ca ion concentration in solution with hot-pressed bovine

bone derived—HA during immersion.
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Fig. 25. Tuna bone derived-HA after calcination at 800 °C for 1 h; (a)

phases and (b) morphology.
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Fig. 26. Tuna bone derived-HA sintered at 1200 °C for 1 h; (a)

microstructure, (b) fracture surface and (c¢) phase.
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Fig. 27. Hot-pressed tuna bone derived—-HA at 1000 °C for 0.5 h under the

pressure of 30 MPa; (a) microstructure, (b) fracture surface and (c)

phase.
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Fig. 28. Surface dissolution of tuna bone derived-HA; (a) as-sintered
specimen, and immersed specimens for (b) 3 days, (¢) 7 days and

(d) 14 days.
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Fig. 29. Phase change of tuna bone derived-HA; (a) as—sintered specimen,

and (b) immersed specimens for 14 days.
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Fig. 30. Surface dissolution of hot-pressed tuna bone derived-HA; (a)
before immersion, and immersed for (b) 3 days, (¢) 7 days and (d)

14 days.
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Fig. 31. Change of Ca ion concentration in solution with hot-pressed tuna

bone derived—HA during immersion.
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